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1. Introduction
In the RAN1#102-e meeting, the potential enhancements for channels other than PUSCH and PUCCH were discussed [1] and the agreements reached are listed in the appendix. 
[bookmark: _Toc529013720]This contribution provides a summary of proposed enhancements in contributions submitted under AI 8.8.2.3 and also the email discussion under [103-e-NR-CovEnh-06]. 
This contribution is a revision of R1-2009322. 
2. Summary of Tdocs
2.1 Msg3/MsgA PUSCH enhancements
In RAN1#102-e, it was agreed to study at least Msg3 PUSCH repetition in NR coverage enhancement SI. In [2, Huawei, HiSilicon], [3, vivo], [4, ZTE], [5, CATT], [7, Intel], [8, China Telecom], [[9, CMCC], [10, NEC], [11, Samsung], [12, OPPO], [15, Sharp], [16, LG Electronics], [17, Ericsson], [18, Apple], [19, InterDigital], [20, NTT DOCOMO], [21, Qualcomm], [22, Nokia], [23, Potevio] and [24, WILUS], totally 20 companies show their interests on Msg3 enhancements and provide further analysis on potential enhancements aspects. 
In the following, enhancements aspects are summarized for Msg3/MsgA PUSCH enhancements. 
· Aspect 1: Performance evaluation on Msg3 repetition
There are 6 companies provide evaluation results for Msg3 repetition, and the observations are summarized as follows.
	· [2, Huawei, HiSilicon]: About 2 dB gain can be obtained by doubling Msg3 repetition times at 10% BLER, 6 dB gain can be obtained by 8 repetitions. 
· [4, ZTE]: About 2.4~2.6 dB and 4.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
· [7, Intel]: ~2 dB performance gain can be observed when the repetition level for Msg3 PUSCH is doubled.
· [9, CMCC]: The 2 slot repetition could improve Msg 3 PUSCH coverage about 2.25 dB.
· [17, Ericsson]: A gain of around 5.8 dB can be achieved for Msg3 with 8 repetitions.
· [22, Nokia]: About 1.9 dB, 2.8 dB, 2.1 dB gain for 2, 4 and 8 repetitions respectively at 10% BLER in 4GHz urban scenario, and about 1.3 dB, 1.4 dB, 1.6 dB gain for 2, 4 and 8 repetitions respectively at 10% BLER in 28GHz urban scenario. 



Based on the evaluation results from companies above, which are basically aligned, the following observation is made.
Observation 1: For Msg3 repetition, about 2 dB gain can be obtained at 10% BLER if the number of repetitions is doubled. 
FL suggestion: The intention is to capture the observation into TR. Considering the deadline for evaluation inputs is 6th Nov, we can further discuss this after the deadline. 

· Aspect 2: Indication of the number of repetitions for Msg3 
Indication of the number of repetitions for Msg3 initial transmission
For Msg3 initial transmission, it can be scheduled by RAR UL grant or fallbackRAR UL grant. Based on companies’ input, the following options are proposed for indication of the number of repetitions for Msg3 initial transmission. 
· Option 1: RAR UL grant or fallbackRAR UL grant
· [2, Huawei, HiSilicon], [3, vivo], [5, CATT], [7, Intel], [8, China Telecom], [11, Samsung], [12, OPPO], [18, Apple], [23, Potevio]
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· [3, vivo], [8, China Telecom], [11, Samsung], [18, Apple], [24, WILUS]
· Option 3: Implicit method, e.g, implicitly determined by PRACH configuration or information carried by RAR. 
· [2, Huawei, HiSilicon], [3, vivo], [5, CATT], [15, Sharp], [24, WILUS]
· Option 4: SIB1
· [8, China Telecom], [11, Samsung], [24, WILUS]
It is also possible to consider some combined signaling, e.g., [11, Samsung] and [3, vivo] mention that a set of candidate values can be configured by system information, and RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI can indicate further information for actual number of repetitions. In [24, WILUS], it proposes to consider enabling of Msg3 repetition and activation of Msg3 repetition. 
Based on above summary, FL suggests to discuss the following proposal. 
Proposal 1: Study the indication of the number of repetitions for Msg3 initial transmission, including at least following options.
· Option 1: RAR UL grant or fallbackRAR UL grant
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· Option 3: Implicit method. 
· Option 4: SIB1
Note: signaling indication with combined options is not precluded. 

Indication of the number of repetitions for Msg3 re-transmission
For Msg3 re-transmission, it is scheduled by DCI format 0_0 scrambled by TC-RNTI. Based on companies’ input, the following options are raised for indication of the number of repetitions for Msg3 re-transmission. 
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· [3, vivo], [4, ZTE], [7, Intel], [12, OPPO], [24, WILUS]
· Option 2: Implicit method. E.g., the repetition factor is implicitly determined by Msg3 initial transmission.
· [4, ZTE] [5, CATT], [24, WILUS]
Based on above summary, FL suggests to discuss the following proposal.
Proposal 2: Study the indication of the number of repetitions for Msg3 re-transmission, including at least following options.
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· Option 2: Implicit method. 

· Aspect 3: Support of repetition Type A or/and repetition Type B
In NR up to Rel-16, PUSCH repetition Type A and repetition Type B are supported for RRC connected mode UE. For Msg3 PUSCH repetition, the following options are proposed for supported repetition type. 
· Option 1: Support both PUSCH repetition Type A and repetition Type B.
· [2, Huawei, HiSilicon], [3, vivo], [4, ZTE], [15, Sharp], [23, Potevio]
· Option 2: Support PUSCH repetition Type A only.
· [7, Intel], [11, Samsung]
FL’s suggestion is not to down-select one option at this stage, and propose to discuss the following proposal. 
Proposal 3: Study the repetition type for Msg3 PUSCH repetition.     
        
· Aspect 4: Study the feasibility and applicability of normal PUSCH enhancements (if supported) for Msg3 PUSCH initial/re-transmission
In AI 8.8.2.1, enhancements to normal PUSCH has been discussing, including aspects such as time domain enhancements, frequency domain enhancement, DM-RS enhancements and power domain enhancements. 
As discussed in [2, Huawei, HiSilicon], [4, ZTE], [8, China Telecom], [9, CMCC], [17, Ericsson], [19, InterDigital] , [23, Potevio], cross-slot channel estimation/DMRS bundling can be studied for Msg3 PUSCH. Simulation results are also provided in [4, ZTE], [9, CMCC], and the following observations are derived.
	[4, ZTE]: Msg3 PUSCH repetition with cross-slot channel estimation can provide 0.5dB~ 1.07dB performance improvement in urban scenario.
[9, CMCC]: The 2 slot repetition could improve Msg 3 PUSCH coverage about 2.25dB. And the cross channel estimation could provide additional 1.75dB gain based on 2 slot repetition.


More generally, it is proposed in [4, ZTE], [8, China Telecom] that techniques for normal PUSCH enhancements, including time domain enhancements, frequency domain enhancement and DM-RS enhancements, can be studied for Msg3 PUSCH enhancement. In [11, Samsung], it proposes that the applicability of solutions for coverage enhancements of ‘normal’ PUSCH to Msg3 PUSCH should be separately considered for each solution. [22, Nokia] proposes to study solutions to reduce the difference between RRC-idle and RRC-connected PUSCH operations and performance, and study enhancement of the existing features of RRC-idle PUSCH, e.g., frequency hopping, if they provide evidence of a positive impact in terms of MCL/MIL/MPL.
Based on above summary, FL suggests to discuss the following proposals.
Proposal 4-1: Study cross-slot channel estimation for Msg3 repetition.   
Proposal 4-2: Study the feasibility and applicability of normal PUSCH enhancements (if supported in AI 8.8.2.1) for Msg3 PUSCH initial/re-transmission. 

· Aspect 5: gNB identification of whether a UE supports Msg3 PUSCH enhancements or not
For legacy UE, Msg3 PUSCH repetition is not supported, while it has been agreed to study Msg3 PUSCH enhancements for Rel-17 NR coverage UE.
According to [4, ZTE], [5, CATT], [8, China Telecom], [10, NEC], if a Rel-17 UE supports Msg3 repetition and related enhancements, gNB needs to identify whether the UE supports Msg3 PUSCH enhancements or not before it indicates corresponding signaling e.g., the number of repetitions for Msg3 PUSCH. 
More specifically, [8, China Telecom] proposes that whether a UE supports Msg3 repetition or not can be implicitly indicated, e.g. different ROs or different preamble sequences. Similarly in [10, NEC], it proposes that special PRACH resources and/or preamble for msg3 repetition enhanced UE should be configured by gNB broadcasting.
Based on above summary, FL suggests to discuss the following proposal.
Proposal 5: Study solutions for gNB to identify whether a UE supports Msg 3 PUSCH enhancements or not. 

· Aspect 6: Support of MsgA PUSCH repetition
In RAN1#102-e, the following agreements were reached for MsgA PUSCH enhancement. 
	Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 



For 2-step RACH, an RSRP threshold is configured, and a UE selects 2-step random access type to perform random access based on this threshold. Based on companies’ input, the support of MsgA PUSCH repetition is summarized as follows. 
· Alt. 1: Support MsgA PUSCH repetition 
· [14, Sony], [12, OPPO]?
· Main reasons are:
· The configurable RSRP threshold allows the network to steer cell-centre UEs towards using 2-step RACH and cell-edge UEs to use 4-step RACH, the setting of the threshold value is down to network implementation and a network can set the threshold low such that all UEs use 2-step RACH. 
· RAN1 should look to enhance the coverage of channels whose Rel-16 coverage is worse rather than those Rel-16 channels that already have good coverage.
· Alt. 2: Do not support MsgA PUSCH repetition 
· [7, Intel], [15, Sharp], [18, Apple]
· Main reasons are:
· RSRP based RACH type selection mechanism was defined for selection between 2-step RACH and 4-step RACH. More specifically, when measured RSRP is greater than a threshold, 2-step RACH is used for RACH procedure. Based on this, it is evident that 2-step RACH is mainly targeted to UEs in good channel conditions, where coverage enhancement is not needed.
· If the UE has the coverage issue, it will not select the 2-step RACH, otherwise access failure and falling back to 4-step RACH will increase the access delay and occupy the MsgA PUSCH resource.
· If the MsgA PUSCH coverage enhancement is supported, the MsgA PUSCH repetition or hopping would require more resources reserved, and these resources are hard to be shared with Rel.16 2-step RACH UE. 
· More repetitions could increase the access delay.

Based on above summary, FL suggests to discuss the following proposals.
Proposal 6: MsgA PUSCH repetition can be studied with low priority.

	Company
	Comments

	Samsung 
	We are not positive on applying coverage enhancement for 2step RACH so far.
As we commented even in last meeting, 2step RACH is designed for good coverage (good link) case, although the SSB-threshold is implemented by gNB thus anything can happen, but it is not reasonable to apply coverage enhancement for 2step RACH.

	
	




· Other aspects for Msg3 enhancements
Multiple antenna techniques
In [11, Samsung], it notes that the msg3 spatial setting is left to UE implementation and refinement of spatial setting from msg1 tx to msg3 tx was not finalized in NR Rel-15. In NR Rel-16 2-step RACH, the PRACH and msgA PUSCH are specified to use a same spatial setting. It proposes to specify that a same spatial setting applies for PRACH preamble and corresponding msg3 PUSCH transmissions. 
In NR up to Rel-16, Msg3 PUSCH transmission, which is scheduled by DCI format 0_0, is based on a single antenna port. In [17, Ericsson], it observes that open-loop Tx Diversity together with Msg3 repetition can improve Msg3 coverage through diversity gain and Tx chain power combining, and closed-loop Tx Diversity for Msg3 can benefit from coherent combining or antenna selection as well as Tx chain power combining.

Waveform of Msg3
In [6, Indian Institute of Tech (H)], it observes that UL transmission can benefit from power boosting wherein the max transmission power can reach up to 26dBm or 29dBm based on the UL duty cycle when DFT-s-OFDM waveform with pi/2 BPSK modulation is used. Every dB gained in transmission power significantly enhances the coverage of the UE. Thus, pi/2 BPSK waveform with spectrum shaping is proposed for Msg3 transmission.

Power domain consideration for Msg3
In [11, Samsung], it finds UEs in different conditions may experience better msg3 reception reliability using different values of power adaptation parameters (e.g., power ramping step powerRampingStep and pathloss compensation factor msg3-Alpha) . It can be beneficial from a latency perspective to use a suitable set of power adaptation parameters which can, e.g., faster achieve higher transmission powers in fewer number of retransmissions. Thus, it proposes to consider multiple sets of power adaptation parameters for msg3 PUSCH coverage enhancement.

Inter-slot frequency hopping for Msg3 repetition
In [18, Apple], it observes the inter-slot frequency with the repetition can provide 2dB performance gain. This gain is worthwhile to specify inter-slot frequency hopping and time domain repetition for Msg3 PUSCH coverage enhancement. Thus, it proposes Msg3 repetition with inter-slot frequency hopping are supported.

More inputs regarding to above four aspects are needed. FL proposal will be provided after collecting more views from companies. 

2.2  PRACH enhancements
· Necessity of PRACH enhancement
In [2, Huawei, HiSilicon], [3, vivo], [4, ZTE], [5, CATT], [7, Intel], [11, Samsung], [12, OPPO], , [14, Sony], [15, Sharp], [16, LG Electronics], [19, InterDigital], [22, Nokia], PRACH enhancement is discussed and views on the necessity of enhancement are summarized as follows. 
· Alt. 1: Support PRACH enhancement 
· [2, Huawei, HiSilicon], [3, vivo](lower priority), [4, ZTE], [7, Intel], [11, Samsung], [12, OPPO], [14, Sony], [19, InterDigital], [21, Qualcomm], [22, Nokia], [23, Potevio]?
· Main reasons are:
· Most of proponents find that the PRACH link performance is worse than the target performance in many scenarios, and enhancement to PRACH itself is needed. 
· PRACH repetition can provide significant MIL/MPL gains for msg1, and it allows UE to enjoy larger antenna array gain for both msg1 and msg3 when Tx sweeping is used for multiple PRACH transmissions.
· UE can benefit from full antenna array gain only if the angular direction to steer the TX beam used for transmission is known. Acquiring reliably this information in the current random-access procedure, i.e., during RRC-idle operations, is not guaranteed. 
· Transmitting PRACH re-attempts with different beams incurs long latency for initial access and it would increase the possibility that the SSB the UE selected does not remain the “best” SSB, for example due to UE mobility. In other words, it allows that a UE without beam-correspondence capability may transmit multiple PRACH preambles using multiple different UE Tx beams in a more timely manner. This can provide more UL beam gain and reducing RACH preamble re-transmission. 
· Based on the typical TDD configuration, there might be only one or two consecutive UL slots. This will limit the usage of long PRACH format and lead to coverage issue based on short PRACH format transmission. 
· Alt. 2: No need for PRACH enhancement 
· [5, CATT], [15, Sharp], [16, LG Electronics]?, [17, Ericsson]?
· One company ([5, CATT]) observes that the performance of PRACH format B4 is much better than the target performance in terms of MPL. 
· In Rel-15/16, UE can sweep the transmission beam when UE tries RACH preamble re-transmission, wherein a proper transmitting beam can be applied at the UE side. 
· PRACH collision rate between UE support MSG1 repetition and legacy UEs would increase when more PRACH preambles are transmitted per RACH attempt.
· For multiple PRACH transmission for beam refinement, it observes higher PRACH collision rate, higher interference level on PRACH resources and measurement accuracy cannot be guaranteed. 
· There are abundant PRACH formats which are defined for different deployment and coverage in the current specification, e.g. PRACH format 4 is defined for coverage enhancement. It is an implementation issue for network to select a proper TDD UL DL configuration which supports a PRACH format targeting to a large coverage. 
· The benefit of PRACH enhancement for the enhancement of msg3 is not technically clear.

Based on above summary, FL suggests to discuss the following observation based on majority view.
Observation 2: PRACH enhancement is needed in NR coverage enhancement SI. 

· Multiple PRACH transmissions 
Based on the input from proponents, there could be two ways for PRACH enhancements. Depending on the same or different beams used for each transmission, the two ways can be catheterized as ‘PRACH repetition’ and ‘PRACH beam sweeping’. An example is shown in Figure 1. 
[image: ]
Figure.1 - RO bundle for same Tx beam an different Tx beam [11, Samsung]
Evaluation results
In [4, ZTE] and [22, Nokia], evaluation results for multiple PRACH transmissions are provided and have the following observations. 
	In [4, ZTE], it observes that, for PRACH repetition, about 1.7~3.7 dB and 3.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. And PRACH sweeping transmission with 2 Tx beam can provide 2.5dB coverage improvement for channels in RACH procedure. 
In [22, Nokia], it finds, by applying multiple PRACH transmissions, the MIL/MPL gap between SSB and msg1 transmission can be reduced to almost zero when UE max transmit power is 23 dBm, and more than halve the MIL/MPL gap when UE max transmit power is 12 dBm. It can achieve around 65% MIL/MPL gap reduction between SSB and msg3, irrespective of the UE max transmit power.



Although limited simulation results are provided, it seems reasonable that multiple PRACH transmissions could provide performance gain also considering the deterministic analysis from majority companies. Thus, FL suggests to discuss the following observation. 
Observation 3: PRACH repetition can provide non-negligible performance gain, and multiple PRACH transmissions with beam sweeping allows UE to make use of the potential of multiple antenna NR technology in RRC-idle state to provide larger antenna array gain. 

FL suggestion: The intention is to capture the observation into TR. Considering the deadline for evaluation inputs is 6th Nov, we can further discuss this after the deadline. 

Spec impacts
Based on the input from [2, Huawei, HiSilicon], [3, vivo], [4, ZTE], [7, Intel], [11, Samsung], [12, OPPO], [14, Sony], [21, Qualcomm], [22, Nokia], the spec impacts are summarized as follows. 
· Determination of PRACH repetition.
· The number of repetitions, repetition pattern (e.g., time or frequency domain repetition).
· The applicability for FR1 and/or FR2, and applicability for short and/or long PRACH preamble format. 
· The TX beam to be used for each initial transmission, e.g., same or different beam across the multiple msg1 transmissions, and finer beam for msg1 based on CSI-RS resources configured during initial access etc.
· If TX beam used for each msg1 transmission is different, how to let UE know which one should be used for the following steps for RACH procedure;
· gNB may need to be able to differentiate between enhanced UE and legacy UE.
· How to handle possible collisions between PRACH transmission with and without multiple msg1 transmissions. 

Based on Chairman’s guidance in GTW session on 10/27, we need to discuss in parallel about the spec impacts for interested enhancements. So, it suggested to discuss the following spec impacts for multiple PRACH enhancements. 
Proposal 7: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including PRACH repetition with the same transmission beam and multiple PRACH transmissions with beam sweeping.
· Potential specification impacts of PRACH enhancements include: determination of PRACH repetition, transmission beam to be used for each initial transmission, finer beam for msg1 based on CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure, differentiation between enhanced UE and legacy UE, possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 

2.3  PUCCH with Msg4 HARQ-ACK
In Rel-15/16, PUCCH repetition can only be configured via higher layer parameter PUCCH-Config which is unavailable during the initial random access. 
In [4, ZTE], [15, Sharp], it observes that PUCCH carrying Msg4 HARQ-ACK may also encounter coverage issues in some scenarios. They both propose to study PUCCH repetition when a UE does not have dedicated PUCCH resource configuration. 
In addition, simulation results are provided in [4, ZTE]. It observes that, for PUCCH carrying 1-bit HARQ-ACK for Msg4, about 3 dB and 6 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
In [5, CATT], it notes that it may need further study on whether coverage enhancement for PUCCH corresponding to Msg4 is needed or not.
Considering the necessity of enhancement highly depends on the outcome of sub-agenda 8.8.1, FL suggests to discuss the following proposal. 
Proposal 8: Contingent on the outcome of sub-agenda 8.8.1, study PUCCH repetition for PUCCH carrying HARQ-ACK for Msg4 in NR coverage enhancement SI. 

As for the spec impacts, FL suggests to discuss the following proposal. 
Proposal 9: Capture the followings into the TR
· PUCCH repetition carrying HARQ-ACK for Msg4 was studied. Potential specification impacts include related signaling design, differentiation between enhanced UE and legacy UE. 

2.4  Beam refinement during initial/random access
In this section, solutions for beam refinement (except for multiple PRACH transmissions which is discussed in Section 3.2 and multiple PDCCH transmissions which is discussed in Section 3.6) during initial/random access procedure are summarized. 
Based on companies’ input, the following solutions for beam refinement are raised. 
· Candidate solution 1: SSB enhancements 
· Support: [2, Huawei, HiSilicon], [4, ZTE], [14, Sony]
· This could provide beam refinement for all channels in initial/random access procedure. Proposed solutions include time/frequency domain solutions to improve SS/PBCH performance, increasing the number of SSB beams, SSB polarization. 
· [4, ZTE] observes that increasing the number of SSBs from 4 to 8 at 700MHz can provide 1.84 dB performance gain, and the method for indicating candidate SSB index in Rel-16 NR-U can be reused for index indication of refined SSBs. 
· In [14, Sony], it observes that, between 25% and 40% of the times, a UE will make an erroneous beam selection if it is not aware of polarization properties.
· Not support: [3, vivo], [5, CATT]
· [3, vivo]: There is backward compatibility issue if the number of SSB beams is supported by simply extending the number of SSBs in a half frame.
· [5, CATT]: The performance of PDSCH, PDCCH and SSB are much better than the target performance in terms of MPL.
· Candidate solution 2: Reporting the best SSB/alternative SSB beam/early CSI in Msg3 PUSCH. 
· Support: [11, Samsung], [13, AT&T], [16, LG Electronics], [17, Ericsson], [19, InterDigital], [21, Qualcomm]. 
· This could provide beam refinement for Msg4 in random access procedure. 
· [11, Samsung]: By having finer beam reference signal, e.g., NZP CSI-RS resources, configured during initial access, a UE is able to refine a selected DL beam, and can be reported in Msg3. A UE can use CSI-RS, if present, for beam refinement for PRACH transmission – e.g. to determine an appropriate PRACH transmission power and minimize PRACH attempts/overhead/latency.
· [13, AT&T]: Beam adjustment using alternative beam reporting in Msg3 is beneficial for initial access coverage enhancement
· [16, LG Electronics]: The possibility that the UE preferred SSB index could be changed after receiving msg2 PDCCH/PDSCH. If the benefit of DL Tx beam refinement is revealed clearly for DL coverage enhancement, we may consider to discuss a potential techniques for reporting UE preferred SSB index.
· [17, Ericsson]: Maintaining PDSCH coverage without accurate CSI may require relatively high amounts of downlink resource; Msg4 PDSCH has worse coverage than other DL PDSCH; Early CSI availability can provide downlink coverage for small PDSCH packet sizes before normal CSI is available without excessive latency, RRC signalling overhead or excessive downlink resource.
· [19, InterDigital]: Early CSI reporting would be beneficial for the selection of a proper MCS for msg4 PDSCH and subsequent PDSCH messages until the UE obtains a suitable CSI reporting configuration. 
· [21, Qualcomm]: Beam reporting by UE can be used simply as reporting a better SSB beam index, or selection of a refined beam for refinement of the SSB beam.
· Not support: [3, vivo],
·   [3, vivo]: According to the evaluation results, Msg4 is robust enough for the required scenarios, hence there is on strong motivation to support early CSI report. 
Based on above summary, FL suggests to discuss the following proposal based on majority view. 
Proposal 10: Study solutions for beam refinement during initial/random access, including at least beam reporting in Msg3 PUSCH. 

As for the spec impacts, FL suggests to discuss the following proposal. 
Proposal 11: Capture the followings into the TR
· Beam reporting in Msg3 PUSCH was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 
                                     
                                                                           
2.5  A-CSI enhancements
A-CSI/SP-CSI in PUSCH
In NR Rel-15/16, three types of CSI reporting, periodic CSI reporting (P-CSI), semi-persistent CSI reporting (SP-CSI) and aperiodic CSI reporting (A-CSI), were supported. Among them, P-CSI and SP-CSI can be transmitted on PUCCH. A-CSI and SP-CSI can be transmitted on PUSCH, but CSI on PUSCH cannot be repeated.
In [17, Ericsson], it proposes to support CSI repetition on PUSCH with repetition Type A or Type B, based on the following observations.
· CSI on PUSCH is one of the coverage bottlenecks and its coverage needs to be enhanced.
· A-CSI repetition on PUSCH has already been studied in NR release 15 and release 16 and can be a good baseline for its study in R17.
· Around 4 dB gain can be achieved with up to 8 repetitions of CSI (6+5 bits) on PUSCH for mid-band.
· The estimated maximum isotropic loss of CSI on PUSCH is worse than CSI on PUCCH, becoming one of the most limiting factors for cell coverage.
On the other hand, it is observed in [5, CATT] that, if A-CSI on PUSCH is problematic, UE can rely on P-CSI which will be certainly taken care of in PUCCH coverage enhancement. The motivation of coverage enhancement for A-CSI is not clear.
Based on above summary, FL suggests to first collect more inputs from companies. 

A-CSI on PUCCH
In NR Rel-15, A-CSI can only be transmitted on PUSCH. In [17, Ericsson], it finds that the estimated maximum isotropic loss of CSI on PUSCH is around 3.5dB less than CSI on PUCCH without repetition, becoming one of the most limiting channels for cell coverage. However, the CSI coverage bottleneck can be resolved by the support of A-CSI on PUCCH. It proposes to continue investigation and evaluation of A-CSI on PUCCH in coverage enhancement topic, and then discuss in RAN#90-e to decide where specification of A-CSI on PUCCH will be, e.g. Rel-17 feMIMO or Rel-17 IIoT/URLLC.
Based on above limited interests and the discussion in the last meeting, FL suggests to first collect more inputs from companies. 
Proposal 12: A-CSI repetition on PUCCH is deprioritized in NR coverage enhancement SI. 

2.6  PDCCH enhancements
In [3, vivo], [4, ZTE], [5, CATT], [12, OPPO], [20, NTT DOCOMO], [19, InterDigital], [21, Qualcomm], PDCCH enhancement is discussed and companies’ views are summarized as follows.
· Support PDCCH repetition at least for broadcast PDCCH
· Support: [4, ZTE], [12, OPPO], [19, InterDigital], [20, NTT DOCOMO], [21, Qualcomm]
· [4, ZTE]: There still exists some scenarios that needs coverage enhancement for broadcast PDCCH based on link budget evaluation. Study compact DCI, PDCCH repetition and PDCCH-less mechanism.
· PDCCH-less mechanism has already been supported for SIB message transmission in LTE MTC which also targets for coverage enhancement. In brief, for SIB1 transmission, the time/frequency resources are predefined, and the TBS and repetiton times are indicated in MIB. For other SIBs transmission, all scheduling information are indicated in SIB1. In NR coverage enhancement, PDCCH-less can be also considered for broadcast messages transmission similarly.
· [21, Qualcomm]: There is a 5.4dB gap between broadcast PDCCH to PUCCH format 3, so a small number of repetitions upto 4 is sufficient. 
· [19, InterDigital]: Study PDCCH enhancements for RAR relate to configuration of PDCCH repetitions and whether/how to provide indication of a best PDCCH repetition among a repetition bundle in msg3 or in early CSI report.
· [20, NTT DOCOMO]: Study smaller DCI payload size and PDCCH repetition etc. 
· Not support: [3, vivo], [5, CATT]
· [3, vivo]: Beam refinement based on PDCCH repetition may suffer from low measurement accuracy and higher power consumption.
· [5, CATT]: The performance of PDCCH is much better than the target performance in terms of MPL. 

Evaluation results
In [4, ZTE] and [21, Qualcomm], evaluation results for broadcast PDCCH repetition are provided and have the following observations. 
	[4, ZTE]: For PDCCH repetition, about 2.8~3.1 dB and 4~5.8 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
[21, Qualcomm]: For broadcast PDCCH, 2 repetition and 4 repetition yield 2dB and 4dB gain respectively. If DMRS bundling is considered, the gains are increased to 3dB and 6dB. 



Based on the evaluation results provided, FL suggests to discuss the following observation.
Observation 4: For broadcast PDCCH, 2 repetitions and 4 repetitions yield about 2~3dB and 4~6dB gain respectively

FL suggestion: The intention is to capture the observation into TR. Considering the deadline for evaluation inputs is 6th Nov, we can further discuss this after the deadline. 

As for the spec impacts, FL suggests to discuss the following proposal. 
Proposal 13: Capture the followings into the TR
· Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration, DMRS design among PDCCH repetition. 

2.7  Msg4 PDSCH
In this section, inputs on Msg4 PDSCH enhancements are summarized except for beam refinement related enhancements which is discussed in Section 3.4. 
In [17, Ericsson], it noted that in NR up to Rel-16, Msg4 PDSCH doesn’t support beam management or PDSCH slot aggregation since RRC connection is not established yet, nor does it support TBS scaling which is applicable for Msg2 PDSCH scheduled by RA-RNTI or for paging. 
In [15, Sharp], it proposes that if enhancement to message 4 PDSCH is supported, scaling factor S can be applied to PDSCH scheduled by DCI format with TC-RNTI. 
In [21, Qualcomm], it proposes that NR should support coverage enhancement of Msg4 PDSCH, e.g. via PDSCH repetition.
Based on above, FL suggests to discuss the following proposal. 
Proposal 14: Contingent on the outcome of sub-agenda 8.8.1, study Msg4 PDSCH enhancement in NR coverage enhancement SI. 

As for the spec impacts, FL suggests to discuss the following proposal. 
Proposal 15: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing scaling factor for TBS determination and PDSCH repetition. Potential specification impacts include TBS determination, PDSCH repetition configuration, DMRS design among PDSCH repetitions. 


2.8  PDSCH enhancement
In [5, CATT], it observes that the performance of PDSCH is much better than the target performance in terms of MPL. However, in [20, NTT DOCOMO], it proposes that improvement of PDSCH may be considered, and potential techniques for PUSCH coverage enhancements can be also applied to PDSCH. In addition, PDSCH repetition for frequency domain can be one of the potential techniques.
Considering the limited interests and expected good link budget performance for PDSCH, FL suggests to discuss the following proposal.
Proposal 16: PDSCH enhancement is not studied in NR coverage enhancement SI. 

3. Discussion (1st round) [Closed]
3.1 [H] Msg3/MsgA PUSCH enhancements

Proposal 1: Study the indication of the number of repetitions for Msg3 initial transmission, including at least following options.
· Option 1: RAR UL grant or fallbackRAR UL grant
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· Option 3: Implicit method. 
· Option 4: SIB1
Note: signaling indication with combined options is not precluded. 

	Company
	Comments

	Samsung
	Generally fine with the proposal except the “fallbackRAR UL grant” part. Even though the format of fallbackRAR is same as the RAR in 4step RACH, but fallbackRAR implies the UE is currently operating the 2step RACH which is not the coverage limit case. So we suggest to remove the fallbackRAR UL grant;

	Apple
	Support, with note from Samsung

	CATT
	For option 2 and option 4, both signaling are common to all the received UEs. What if the requirement on coverage for each UE is different from each other?

	NTT DOCOMO
	Msg2 RAR could be the first choice to indicate the number of repetition, since it has UL grant for Msg3 initial transmission. 

	Qualcomm
	We propose to remove fallbackRAR UL grant in Option 1 since it is not part of 4-step RACH. Other than that, we support the proposal. 

	Intel
	We are in general fine with the proposal. For Option 3, it is more appropriate to list the detailed solution for implicit method, e.g., determined based on PRACH configuration/repetitions if supported. 

	Sharp
	As indicated by companies, we also think fallbackRAR UL grant should be removed from the proposal. Enhancement to 2-step RACH (including fallback to 4-step in 2-step RA procedure) can be discussed separately.

	WILUS
	Support the FL proposal in principle. We agree with Samsung’s comment about fallback RAR UL grant. Also, please clarify repetition number of above options also include ‘1’ as the possible indication number (i.e., Msg3 transmission w/o repetition). For option 3, more details about this option seem necessary, such as captured e.g. points in section 2.1.

	China Telecom
	We share the same view with Qualcomm and Samsung, i.e. remove “fallbackRAR UL grant” in Option 1. Other than that, we support this proposal.

	Panasonic
	We share the same view with other companies, i.e., “fallbackRAR UL grant” in Option 1 should be removed.

	OPPO
	Support after remove the fallbackRAR UL grant in Option 1.

	ZTE
	Support the proposal and also fine to remove “fallbackRAR UL grant” in Option 1 as commented by other companies. 

	CMCC
	Generally fine with the proposal. If the enhancement related to 2 step RACH cannot reach a consensus, we are fine to remove it.

	Nokia/NSB
	Support the proposal with the removal of “fallbackRAR UL grant” in Option 1. On the other hand, we think that the presence of the “at least” in the first sentence enables the possibility for other options to be considered/studied as well. Other options exist, can be studied and considered for the discussion. In other words, and unless we mistake the FL’s intention, we think the goal of the proposal is to provide a starting point for the discussion, not the conclusion. If this is the case, we do not see the need to discuss about implicit signaling mechanisms right now, or any other explicit mechanisms for that matter. Can FL confirm that this the intention of the proposal?

	Ericsson
	These signaling options can be discussed in the work item stage. 
Regarding the fallback RAR scheduled msg3 repetition, we can not understand that 2-step RACH can only be applied when UE is not coverage bottleneck, it depends on the RSRP threshold defined for RA type selection. And also be noted that when fallback happens, it means UE is already coverage limited and cannot have the MsgA PUSCH be received. At least technically we can not understand why this fallback RAR scheduled msg3 repetition should be specifically precluded.
To avoid too detailed discussions at this stage, it might be enough to say that whether repetition factor can e.g. be implicitly determined and/or explicitly indicated in RAR, DCI and/or system information can be further discussed in work item stage.

	InterDigital
	Support

	FL
	@WILUS Details for Option 3 is added as examples. Current proposal doesn’t preclude the number of repetitions is 1. FL suggest not to clarify this point to avoid further potential confusion. 
@CATT and Nokia, the intention is to list the possible solutions as proposed by companies, and no plan to down-select any option at this stage. We will not discuss the details for each option now and these options will server as starting point for future discussion.

@Ericsson and all, it seems Ericsson’s point is valid. Fallback RAR is for switching to 4-step RACH. It is more like the Msg3 scheduled by fallback RAR is in a 4-step RACH procedure. If it is precluded, it means a UE cannot fall back to 4-step RACH to ensure the coverage. So, FL suggests to keep it.
@ all, these options will server as starting point for future discussion, and it would be helpful for us to keep it considering all discussion here. FL would like to check whether it is acceptable for all about the updates below. If companies still have strong concerns (hope not), we can then delete the options here.   

	vivo
	We share the same view with Samsung, “fallbackRAR UL grant” which associated with 2 step RACH should be removed.



Proposal 1-rev1: Study the indication of the number of repetitions for Msg3 initial transmission, including at least following options.
· Option 1: RAR UL grant or fallbackRAR UL grant
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· Option 3: Implicit method, e.g., implicitly determined by PRACH configuration or information carried by RAR.  
· Option 4: SIB1
Note: signaling indication with combined options is not precluded. 

Please comment on the updated proposal 1 only if you have concerns on. 
	Company
	Comments

	vivo
	“fallbackRAR UL grant” implies that 2 step RACH is also considered for enhancement, thus we still prefer removing it..

	Ericsson
	“fallbackRAR UL grant” schedules a msg3 PUSCH in 4-step RACH, not sure how this is related to 2-step RACH enhancement, it’s just the signaling in a RAR used in 2-step RACH when it switches to 4-step RACH. Fallback means the link budget is already bad.

	LG
	The updated proposal 1 is saying to study very detail solution. The result of study is not clear. Also, we wonder the study result is necessity to capture in TR. As mentioned, these detail options should be discussed in WI phase. 
During this e-meeting, we should capture the study result which may include potential specification impact. We think previous Ericsson’s proposal to capture study item result in TR is very reasonable in SI phase. 

	FL
	@LG The study result includes two parts:
1. Discuss whether an enhancement is needed, if needed, whether should be low priority or not.
2. Capture the studied techniques including the spec impacts into TR.

The proposal here serves the purpose of the first part. As how to capture into TR, I will draft the TP for discussion later on.  
As for whether to list the detailed options, please refer to my reply above. 

	Samsung
	Remove “fallbackRAR UL grant”, we provide reasons in the first round. And E///’s argument is incorrect. I think we have already stated the msgA PUSCH failure is not necessarily due to coverage, it could be due to the collision of DMRS, the time-offset between UE is quite large etc. The success of preamble in a way shows the coverage is not the problem.




Proposal 2: Study the indication of the number of repetitions for Msg3 re-transmission, including at least following options.
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· Option 2: Implicit method. 

	Company
	Comments

	Samsung 
	Fine.

	Apple
	Support

	CATT
	We are fine with the proposal. Our position is added under option 2.

	Qualcomm
	We support the proposal

	Intel
	We are in general fine with the proposal. 
For Option 2, it is more appropriate to list the detailed solution for implicit method, e.g., determined by Msg3 initial transmission. 

	Sharp
	We are OK with the proposal.

	WILUS
	Similar comment with Proposal 1. Please clarify repetition number includes value ‘1’. Also, more details about option 2 seem necessary.

	Panasonic
	We are fine with the proposal.

	OPPO
	We are fine with the proposal. Option 2 is a general method. Details are needed for further consideration. 

	ZTE
	Support

	CMCC
	Fine with the proposal

	Nokia/NSB
	Our comment to Proposal 1 applies here as well.

	Ericsson
	It looks fine though these signaling can be further discussed in work item stage.

	InterDigital
	We would like to propose the following
Option 3 : Dynamic indication of the number of repetitions in RAR

	FL
	@InterDigital, you proposed Option 3 seems that can be included in Option 2 below. Because RAR UL grant is only for scheduling Msg3 initial transmission.  
Similar comments as in Proposal 1. FL would like to check whether it is acceptable for all about the updates below.

	
	



Proposal 2-rev1:  Study the indication of the number of repetitions for Msg3 re-transmission, including at least following options.
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· Option 2: Implicit method, e.g., the repetition factor is implicitly determined by Msg3 initial transmission.

Please comment on the updated proposal 2 only if you have concerns on. 
	Company
	Comments

	LG
	It is required to study the indication details in WI phase. 
I think, in SI phase, it is enough to capture high level description (e.g., the explicit/implicit method for the indication of the number of repetitions for Msg3 re-transmission) as a potential specification impact.

	FL
	@LG Similar comment as above. 




Proposal 3: Study the repetition type for Msg3 PUSCH repetition.    
 
	Company
	Comments

	Samsung
	The PUSCH repetition Type B is UE optional feature, it is not suitable to be supported during random access when UE has not been identified by gNB.

	Apple
	As mentioned in the call, Type B repetition for Msg3 is not justified. Let’s be specific here on Msg3 TypeA PUSCH repetition 

	CATT
	Repetition type B is designed for low latency instead of good coverage. Type A repetition is sufficient.

	Qualcomm
	We do not support this proposal. Supporting Type B PUSCH repetition has been UE capability. During RACH, UE capability is unknown. 

	Intel
	We share similar view as other companies that only repetition type A for Msg3 is supported. 

	China Telecom
	We also think it is reasonable that only repetition type A is supported for Msg3.

	Panasonic
	We share the similar view with other companies that PUSCH repetition Type A is sufficient for Msg.3.

	       OPPO
	Type A repetition is sufficient. It is not clear why we need type B.

	ZTE
	We support both repetition type A and B. For repetition type B, it can also improve the reliability in terms of not simply dropping the transmission as repetition type A in case of collision with invalid symbols. 

	CMCC
	Repetition type A should have a higher priority. If the Msg 3 have coverage issues, we do not see the motivation to use type B repetition.  

	Nokia/NSB
	Similar comment as Qualcomm and Samsung.

	Ericsson
	Fine, type A could be a start point.

	InterDigital
	Support

	FL
	Only one company explicitly shows support for repetition type B. So, the proposal is updated to follows.


 
Proposal 3-rev1: Study the only repetition type A for Msg3 PUSCH repetition.  

Please comment on the updated proposal 2 only if you have concerns on. 
	Company
	Comments

	LG
	We do not have any strong view regarding the updated proposal#3. But, we provide our view for calcification.
It seems that the purpose of the updated proposal#3 is not clear. In SI phase, we may study on possible candidates. Then, we may capture the study result in TR. But, it seems that the updated proposal#3 is intended to down-select one option between repetition type A and type B.

	FL
	@LG Similar comment as above. The proposal means, we studied both repetition type A and type B, while only agree on repetition type A. So, in the TR, we will say something like: Repetition type for Msg3 repetition was studied including both repetition type A and type B, while it concluded repetition type B is not needed. This would be discussed later on. 



Proposal 4-1: Study cross-slot channel estimation for Msg3 repetition.   
Proposal 4-2: Study the feasibility and applicability of normal PUSCH enhancements (if supported in AI 8.8.2.1) for Msg3 PUSCH initial/re-transmission. 

	Company
	Comments

	Samsung
	Having proposal 4-2 so far is enough.

	CATT
	Agree with Samsung. P 4-2 already covers P 4-1.

	Qualcomm
	Agree with Samsung that Proposal 4-2 is sufficient.

	Intel
	We suggest to wait the conclusion/agreements from PUSCH coverage enhancement. After we have clear picture, we can further check the solutions adopted from the normal PUSCH coverage enhancement for Msg3 PUSCH. 

	Sharp
	We support P 4-2.

	China Telecom
	Support P 4-2.

	Panasonic
	We agree with Samsung.

	OPPO
	We are fine with proposal 4-2. 

	ZTE
	Support both proposals.

	CMCC
	Support both proposal 4-1 and 4-2.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Support 4-2

	Nokia/NSB
	Agree with Samsung in principle. However, we would like to note that Proposal 4.2 seems to include Proposal 3 implicitly as well. More precisely, enhancing repetition type B framework for RRC-connected PUSCH is still a controversial aspect in 8.8.2.1. As we can see from the comments, this seems to be even more the case in this AI. Maybe we could add a note to Proposal 4-2 to clarify that “applicability and feasibly” should also consider UE capabilities in RRC-idle phase?   

	Ericsson
	Fine.

	InterDigital
	Agree with others that Proposal 4-2 is enough

	FL
	@Nokia, a note is added to address the concern. 
There are 3 companies support/fine with both proposals while majority companies only support proposal 4-2. Note, the intention of proposal 4-1 is we will no need to study the feasibility and applicability and directly support to study the cross slot channel estimation for Msg3 given 6 companies observe the benefits as summarized in section 3.1. 
FL suggests to first agree on proposal 4-2, and after that, we can further check whether Proposal 4-1 is acceptable if time permits. 



Proposal 4-2-rev1: Study the feasibility and applicability of normal PUSCH enhancements (if supported in AI 8.8.2.1) for Msg3 PUSCH initial/re-transmission. 
Note: UE capabilities in RRC-idle phase should be considered.

Please comment on the updated proposal 4-2 only if you have concerns on. 
	Company
	Comments

	LG
	It seems that clarification of the study result is necessity. I guess FL might intend to gather study result whether normal PUSCH enhancements is feasible and/or applicable for Msg3 PUSCH initial/re-transmission or not. Is my understanding is correct?

	FL
	@LG Yes, also find similar comment as above. 




Proposal 5: Study solutions for gNB to identify whether a UE supports Msg 3 PUSCH enhancements or not. 

	Company
	Comments

	Samsung 
	For proposal itself, it is general enough thus fine for us. 
But our thinking was that it is not always necessary that “gNB needs to identify whether the UE supports Msg3 PUSCH enhancements or not before it indicates corresponding signaling”; gNB could make separate configurations in case of UE support or UE doesn’t support repetitions. For example, currently the msg.3 DMRS is using DMRS port 0 by default. We can specify that if UE is capable of msg3 repetitions, then the UE will use another specific DMRS port, e.g., DMRS port 1. Then gNB just needs to check twice of the DMRS then it can identify whether a UE supports Msg 3 PUSCH enhancements or not, which consumes not much gNB overhead. 


	CATT
	Support. To be specific, it should be ‘whether a UE supports Msg 3 PUSCH coverage enhancements or not.’

	Qualcomm
	Support the proposal. 

	Intel
	We are fine with the proposal. 

	Sharp
	We are OK with the proposal.

	China Telecom
	Support this proposal.

	Panasonic
	We are fine with the proposal.

	OPPO
	We are fine with the proposal.

	ZTE
	Fine with the proposal

	CMCC
	Generally fine with the proposal.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Support

	Nokia/NSB
	Support.

	Ericsson
	Fine to study. Implicit indication of the support of msg3 new features (e.g. repetition) via Msg1 is also discussed on other topics to differentiate small data UEs vs. non-small data UEs, i.e. whether msg3 carries small data. But we’re not sure whether these can be combined.

	FL
	An editorial update as CATT suggested. 



Proposal 5-rev1: Study solutions for gNB to identify whether a UE supports Msg 3 PUSCH coverage enhancements or not. 

Please comment on the updated proposal 5 only if you have concerns on. 
	Company
	Comments

	
	




Proposal 6: MsgA PUSCH repetition can be studied with low priority.

	Company
	Comments

	Samsung 
	We are not positive on applying coverage enhancement for 2step RACH so far.
As we commented even in last meeting, 2step RACH is designed for good coverage (good link) case, although the SSB-threshold is implemented by gNB thus anything can happen, but it is not reasonable to apply coverage enhancement for 2step RACH.

	Apple
	Do not support. We share similar view as Samsung

	Sony
	We would like to see the possibility of the coverage of 2-step RACH being enhanced, so we do not support the proposal. 
The main argument against coverage enhancement of MsgA PUSCH seems to be that there is a configurable RSRP threshold that is used to determine whether 2SR or 4SR is used in Rel-16. However, that threshold is configurable, so it can be set low in order to favour 2SR. If both PRACH and PUSCH are coverage enhanced, then it seems reasonable to enhance the coverage of 2SR, in which case the configurable threshold would be set lower. 
In terms of there needing to be more resources of MsgA PUSCH: yes, if PUSCH is coverage enhanced through repetition, then more resources will be required. This argument applies to both PUSCH coverage enhancement in AI 8.8.2.1, Msg3 coverage enhancement and MsgA PUSCH coverage enhancement. 


	Qualcomm
	We support the proposal.

	Intel
	We share similar view as Samsung and Apple and do not support this proposal.
It is unclear to us why we need to consider MsgA PUSCH for 2-step RACH. As mentioned above, 2-step RACH is mainly targeted to UEs in good channel conditions, where coverage enhancement is not needed. 

	Sharp
	We think that msgA PUSCH enhancement can be deprioritized. As stated above, 2-STEP RACH is not designed for coverage edge UEs.

	Panasonic
	We share similar view as Samsung.

	ZTE
	We are fine to study as low priority or not study MsgA enhancement. 

	Nokia/NSB
	Same view as Samsung.

	Ericsson
	Fine to study this with low priority given limited time. 
MsgA PUSCH is collision based PUSCH which may require more enhancements than Msg3 PUSCH. Whether 2-step RACH is only used by UEs in good coverage depends on the RSRP threshold defined for RA type selection and note that 2-step RACH only operation is also possible meaning that all UEs in one cell may have to use 2-step RACH only in this case.

	InterDigital
	Support 

	FL
	One company supports to study MsgA enhancement. 4 companies support or fine with the proposal. 7 companies don’t support to study MsgA enhancement.

Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	We are ok with lower priority.



Companies are encouraged to provide views for the following aspects for Msg3 enhancement. 
	Multiple antenna techniques
In [11, Samsung], it notes that the msg3 spatial setting is left to UE implementation and refinement of spatial setting from msg1 tx to msg3 tx was not finalized in NR Rel-15. In NR Rel-16 2-step RACH, the PRACH and msgA PUSCH are specified to use a same spatial setting. It proposes to specify that a same spatial setting applies for PRACH preamble and corresponding msg3 PUSCH transmissions. 
In NR up to Rel-16, Msg3 PUSCH transmission, which is scheduled by DCI format 0_0, is based on a single antenna port. In [17, Ericsson], it observes that open-loop Tx Diversity together with Msg3 repetition can improve Msg3 coverage through diversity gain and Tx chain power combining, and closed-loop Tx Diversity for Msg3 can benefit from coherent combining or antenna selection as well as Tx chain power combining.

Waveform of Msg3
In [6, Indian Institute of Tech (H)], it observes that UL transmission can benefit from power boosting wherein the max transmission power can reach up to 26dBm or 29dBm based on the UL duty cycle when DFT-s-OFDM waveform with pi/2 BPSK modulation is used. Every dB gained in transmission power significantly enhances the coverage of the UE. Thus, pi/2 BPSK waveform with spectrum shaping is proposed for Msg3 transmission.

Power domain consideration for Msg3
In [11, Samsung], it finds UEs in different conditions may experience better msg3 reception reliability using different values of power adaptation parameters (e.g., power ramping step powerRampingStep and pathloss compensation factor msg3-Alpha) . It can be beneficial from a latency perspective to use a suitable set of power adaptation parameters which can, e.g., faster achieve higher transmission powers in fewer number of retransmissions. Thus, it proposes to consider multiple sets of power adaptation parameters for msg3 PUSCH coverage enhancement.

Inter-slot frequency hopping for Msg3 repetition
In [18, Apple], it observes the inter-slot frequency with the repetition can provide 2dB performance gain. This gain is worthwhile to specify inter-slot frequency hopping and time domain repetition for Msg3 PUSCH coverage enhancement. Thus, it proposes Msg3 repetition with inter-slot frequency hopping are supported.



More inputs regarding to above four aspects are needed. FL proposal will be provided after collecting more views from companies. 

	Company
	Comments

	Apple
	We support (dynamic) indication of waveform type (OFDM/DFT-S) for Msg3 PUSCH. Also as a note, in our understanding FH for Msg3 is already specified (for both initial and retransmission Msg3 PUSCH).

	ZTE
	We are fine to study inter-slot FH for Msg3 repetition. Note that, only intra-slot FH is supported in Rel-15/16. It would be nature to also consider inter-slot hopping in case of Msg3 repetition supported. Performance gain is expected as for PUSCH in RRC-connected mode. 

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	As shown in our tdocs, pi/2 BPSK is a straightforward way to get gains due to power boosting which enhances Msg3. Further this waveform already supports 26 dBm power in Rel-16. We only need to provide mechanisms to use this waveform in Msg3. 

	Nokia/NSB
	We fully agree with Samsung’s proposal to specify that a same spatial setting applies for PRACH preamble and corresponding msg3 PUSCH transmissions, i.e., specifying for 4SR what has been specified for 2SR in Rel-16. This seems a very sensible and rational approach. It is unclear why UE should behave differently in the two cases, given that the information UE has access to in the two cases is the same.
We also think we can study inter-slot FH for msg3 repetition.

	Ericsson
	We’re fine to capture different techniques in TR as well. And agree that inter-slot frequency hopping of Msg3 should be naturally studied

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 




3.2 [H] PRACH enhancements

Observation 2: PRACH enhancement is needed in NR coverage enhancement SI. 

	Company
	Comments

	Samsung
	Fine with this observation or conclusion.

	CATT
	It is too hurry to have the observation, at least several companies have different views. 
It should be noted that the performance metric is still under discussion in the other AI, which will have directly impacts on what the bottleneck channel is. We should wait for the outputs from 8811 and 8812. Then we can determine whether it is necessary to enhance PRACH.
We should firstly focus on the channels surely with consensus, for example Msg3 PUSCH.

	Qualcomm
	Support the observation. We propose to add into the observation that PRACH enhancement could not only enhance PRACH coverage, but also enhance coverage of other RACH messages (including Msg3).

	Intel
	Based on our link budget analysis, it was observed that short PRACH format needs coverage enhancement in TDD configuration. In our view, it would be good to restrict to short PRACH format as we have PRACH format 1 and 2 which can be used for coverage enhancement for long PRACH format. We suggest to modify the observation as “PRACH enhancement for short PRACH format is needed in NR coverage enhancement SI.”

	Sharp
	Enhancement to PRACH coverage can be considered (e.g., repetition). We are not sure if multiple PRACH transmission within RAR window is necessary for PRACH (and/or msg3 PUSCH) coverage extension. Latency reduction is not the target for CE SI.

	Panasonic
	We support the observation.

	OPPO
	Fine with this observation.

	ZTE
	Fine with the observation and also the modification from Intel. 

	CMCC
	Prefer to wait for the outcome of AI 8811 and 8812. The necessity should be justified based on the outcome of those two agenda items.

	Sony
	We support this observation. 

	Nokia/NSB
	We support the observation. Concerning Intel’s comment, it may be premature to make such a strong statement. Indeed, it has been stated by several companies that PRACH enhancements can have a big positive impact on msg3 coverage as well, especially when the enhancements allow UE to get more information on the beam space and use a better, likely narrower, beam for msg3 transmission. This was actually one of the first observations companies had on this topic. Such positive impact would occur regardless of the considered PRACH format. On the other hand, we see the logic of what Intel suggests, hence maybe we could modify the observation as follows:
Observation 2: PRACH enhancement at least for short PRACH format is needed in NR coverage enhancement SI. 
FFS: if the above applies to long PRACH formats as well 

	Ericsson
	Do not agree on this observation. PRACH is not a bottleneck based on our system level results. And if PRACH reattempt with power ramping is further considered, the performance will be even better as we’ve discussed a lot in last meeting.

	InterDigital
	Support the observation

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	Since PRACH is not a channel with high delay requirement, the coverage can be improved by multiple attempts in a RACH procedure instead of repeat PRACH in a single attempt. Hence, we do not prefer PRACH repetition is considered with higher priority in CE SI. 

	Nokia/NSB
	From our perspective, stating that PRACH reattempt with power ramping can address concerns related to PRACH coverage is not correct nor compatible with how simulations have been performed by all companies. Indeed, all the companies who studied PRACH performance (and the performance of any other channels, actually) assumed max TRP is set at the UE in the LB template. This implies that all the corresponding MCL/MIL/MPL values are already assuming that power ramping, if any, has been performed, since UE cannot further increase its power above the maximum TRP. In other words, we cannot improve MCL/MIL/MPL by power ramping in this case. Therefore, if a bottleneck exists (and many companies show that it does, at the very least for 12 dBm max TRP) then retransmissions with power ramping cannot be considered as “a way out” and other solutions are necessary.




Based on Chairman’s guidance in GTW session on 10/27, we need to discuss in parallel about the spec impacts for interested enhancements. So, it suggested to discuss the following spec impacts for multiple PRACH enhancements. 
Proposal 7: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including PRACH repetition with the same transmission beam and multiple PRACH transmissions with beam sweeping.
· Potential specification impacts of PRACH enhancements include: determination of PRACH repetition, transmission beam to be used for each initial transmission, finer beam for msg1 based on CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure, differentiation between enhanced UE and legacy UE, possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 

	Company
	Comments

	CATT
	Not clear why it is an individual proposal. The motivation is to capture how we study PRACH? If so, the other potential techniques should also deserve the same proposal. 

	Qualcomm
	Support the proposal

	Intel
	We are in general fine with the proposal. We are not sure “possible collision handling between PRACH transmission with and without multiple PRACH transmissions”. It would be good to clarify this. 

	OPPO
	Support the proposal

	ZTE
	Fine with the proposal. 

	Sony
	Support the proposal.

	Nokia/NSB
	Support the proposal. Concerning comment from Intel, our understanding is that “possible collision handling between PRACH transmission with and without multiple PRACH transmissions” refers to a situation in which some UEs in the cell support PRACH enhancements and some others do not. In this regard, for instance, at least three options could be envisioned:
1. The two sets of UEs do not use the same set of ROs for transmitting msg1;
2. The two sets of UEs use the same set of ROs for transmitting msg1;
3. The two sets of UEs use a same sub-set of ROs, plus some exclusive ROs.
Other options are possible, of course. However, if we consider the 3 above, we already have two examples in which collisions between msg1 transmissions performed by the two sets of UEs can occur.
RAN1 has not decided yet this is a problem or not and, if it is, if it should be solved or not. 
Having said this, we think that the list of potential spec impact should not be considered as an exhaustive list with all possibilities. We hope this is the understanding. Could FL clarify this aspect, please?
If this is the understanding, we would be ok with restructuring it, if such is the will of the majority.

	Ericsson
	Fine to capture all techniques with the common understanding that all techniques will be captured especially those for channels with bottleneck identified.

	InterDigital
	Support

	FL
	FL responses to CATT in email reflector are copied below.
Comment#1: Per Chairman’s guidance in GTW session, we need to discuss the spec impacts for interested enhancements before the output of evaluation results are available, so that we would capture these spec impacts into TR in time. The reason I didn't make any TP for Msg3 yet is Msg3 enhancement has been agreed and I'd like to discuss more detailed enhancement aspects first. After this, I will certainly prepare the TP for Msg3 for review. 
Comment #2: I think it is just a matter of in which formulation we discuss the potential techniques, using proposal or text proposal. Based on what we are doing for email discussion of the TR and also PUSCH agenda, I would expect we will capture all related studied techniques to the TR. As also clarified by Chairman before, capturing into TR doesn't mean these aspects will be certainly included in WI scope. So, in this sense, I would expect discussing in format of TP for spec impacts would be easier for us. Note that, except for the TP, I also have an corresponding proposal for whether to study the enhancements for each of the channel/signal. 

@Intel, please refer to Nokia’s clarification. 
@Nokia, yes, it only includes the proposed spec impacts from companies so far. It may not be an exclusive list, additional impacts could be added at later stage as long as it has technical merits. 

@all, Please comment further only if you have concerns.

	vivo
	It is fine to capture generic statement, however it should also be noted that PRACH is not identified at bottleneck, hence enhancement technique is less of relevance. Otherwise we end up capturing all the channel which do not have coverage issue.

	Ericsson
	We propose to treat this with lower priority. i.e. change [H] to [L] as well since PRACH is not a bottleneck while the bottle neck channel A-CSI on PUSCH is put with [L].

	LG
	As mentioned, we also think the priority of this proposal changed into lower priority. The needs of RACH enhancement itself is not clear, so far.

Also, the further clarification is necessary for the proposal. 
In the first bullet, we may modify that the PRACH enhancements for FR2 were studied from several aspects, … .
For the second bullet, it is required that if the benefit of the proposed solution is revealed, the potential standardization impact can be captured as an example. But, so far, 

	FL 
	@vivo Ericsson, LG, as commented in the reflector, the plan is: 
As Chairman's guidance, we could discuss the spec impacts before the evaluation results are available. If some techniques are interested by many companies, we would include our corresponding study in the TR. As what we are discussing in Email-01, basically all techniques including FFS points like OCC spreading based repetition, symbol-level repetition, FDD high power UE etc., and de-prioritized techniques are all captured in the TR. To follow the same principle here, we should include all our studied techniques into TR. However, we would also capture the prioritization or de-prioritization for these techniques.  

Please note, for each TP I proposed, I also made a proposal for it. If a channel is not a bottleneck or an enhancement is not needed based on further evaluation results and our further discussion,  we will make a conclusion/observation to say corresponding enhancement is not needed or study as low priority or de-prioritized. Then, such statement will be also captured in the TR. 

To sum up, we can first agree to the TPs for the spec impacts of our studied techniques. Then, after evaluation results are available, we can then make further decision on support of an enhancement, and add potential prioritization or de-prioritization in the TR. Note, we cannot do these only at the last moment when we get results (expected to be available very late), that would be too late for us!

@LG, It seems both FR1 and FR2 are studied. If we only agree on FR2 or short PRACH, we will also capture these decisions into TR. But we cannot wait all at the final moment especially for those aspects not related to the evaluation results. 

	Samsung 
	One editorial change suggestion:
· Unified the term PRACH repetitions and multiple PRACH transmission, since the latter one has more general meaning, suggest to use multiple PRACH transmission;
· Check the understanding of “determination of PRACH repetition”, it should include the meaning of both the conditions to initiate multiple PRACH transmission and also the resource determination of multiple PRACH transmission;
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions PRACH repetition with the same transmission beam and multiple PRACH transmissions with beam sweeping.
· Potential specification impacts of PRACH enhancements include: determination of multiple PRACH transmissions PRACH repetition, transmission beam to be used for each initial transmission, finer beam for msg1 based on CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure, differentiation between enhanced UE and legacy UE, possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 


	CATT
	For proposal 7 on PRACH, we are OK capture it in the TR at this moment although think it may be a little hurry. Now that we have mentioned the specification impacts in the proposal, it should be as comprehensive as possible. At least the association between preamble index and SSB index within RO or cross RO is also the serious specification impact if PRACH enhancement is introduced. Could you please capture it in the next update?

Proposal 7: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including PRACH repetition with the same transmission beam and multiple PRACH transmissions with beam sweeping.
· Potential specification impacts of PRACH enhancements include: the association between RO, SSB and preamble index, how to support multiple PRACH transmission, determination of PRACH repetition, transmission beam to be used for each initial transmission, finer beam for msg1 based on CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure, differentiation between enhanced UE and legacy UE, possible collision handling between PRACH transmission with and without multiple PRACH transmissions, etc. 


	FL 
	It seems revision from Samsung is ok, and let’s check if any concerns. 
@CATT, We can add ‘the association between RO, SSB and preamble index’. For ‘how to support multiple PRACH transmission,’ it can be merged to Samsung’ revision. 
I would suggest not to include ‘, etc’. As I commented above to Nokia, the list of spec impacts only include the proposed spec impacts from companies so far. It may not be an exclusive list, additional impacts could be added at later stage as long as it has technical merits. 

Proposal is updated in section 5. 

	Nokia/NSB
	This comment is about whether PRACH is bottleneck or not, given that some comments were made in this sense. If we look at the aggregated results shared by FLs of 8.8.1.1 and 8.8.1.2, we observe that PRACH is a bottleneck for FR2 and it could be a bottleneck for FR1, where for the latter it depends on how we define the bottleneck. This result is not difficult to explain and stems from the numerical results each company shared (with 6 of them explicitly stating that PRACH is a bottleneck at least for FR2). Stating that this channel is not a bottleneck does not seem accurate, nor it seems to consider that RAN1 works should be a group effort, as reminded to everyone by Mr. Chairman during last GTW. 
Discussions can always be held, of course, and they should be held. However, it would be fair to have them based on the observations made by all companies. In this sense, it was mentioned by Ericsson that A-CSI over PUSCH can be a bottleneck. This statement is supported by only one company. RAN1 should keep an open mind and discuss about it, of course. On the other hand, latest aggregated results shared by FL of 8.8.1.2 show that MIL of A-CSI over PUSCH and PRACH is similar, and MPL of A-CSI over PUSCH is higher than MPL of PRACH. Based on these results, and from our perspective, it is not very intuitive to conclude that A-CSI over PUSCH is a bottleneck and PRACH is not.




3.3 [M] PUCCH with Msg4 HARQ-ACK

Proposal 8: Contingent on the outcome of sub-agenda 8.8.1, study PUCCH repetition for PUCCH carrying HARQ-ACK for Msg4 in NR coverage enhancement SI. 
	Company
	Comments

	Samsung
	No hurry to study, we first need to conclude whether or not there is a problem

	Intel
	Given that this is the last meeting in SI, suggest to wait for the outcome of AI8.8.1 and accordingly we can check which channels need to be improved. 

	Sharp
	We support the proposal. Msg 4 HARQ-ACK cannot apply repetition up to Rel-16. The situation is similar to msg3 PUSCH.

	Panasonic
	We share similar view with Samsung and Intel.

	ZTE
	We find there could be coverage issues for this channel. So, we support the proposal. But, we are fine to wait for the outcome of AI 8.8.1 first. 

	Nokia/NSB
	Agree with Samsung and Intel.

	Ericsson
	Fine to study if it’s a bottleneck.

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	We share similar view with Samsung and Intel.



Proposal 9: Capture the followings into the TR.
· PUCCH repetition carrying HARQ-ACK for Msg4 was studied. Potential specification impacts include related signaling design, differentiation between enhanced UE and legacy UE. 
	Company
	Comments

	CATT
	Same comments as P7.

	Intel
	It may be good to wait the outcome of AI8.8.1. If it is concluded that PUCCH carrying HARQ-ACK for Msg4 is not identified as bottleneck channel, we do not need to include this in the TR. 

	ZTE
	Fine with the proposal. 

	Nokia/NSB
	According to our understanding this proposal (and other proposals of this kind in other 8.8.2.x AIs) is meant to describe what has been studied. Mr. Chairman confirmed this during the online GTW on Tuesday, 10/27. Assuming we all agree on this, as it seemed to be the case during the GTW, we are fine with the proposal.

	Ericsson
	Fine to capture all techniques studied in TR if it’s a common understanding, as Nokia indicated, that we will only do enhancements for bottleneck channels, and this will be only put in the section for the description of different techniques proposed by companies.

	FL
	With the FL comments made in Proposal 7, and also from Nokia above. FL suggestion is to take current proposal 9 for approval. 

@all, Please comment further only if you have concerns.

	vivo
	It is fine to capture generic statement, how to capture the statement should be discussed based on outcome of AI8.8.1. Otherwise we end up capturing all the channel which do not have coverage issue.

	LG
	We are fine with capture the generic statement. But, it seems to clarify the potential specification impact especially, the necessity of differentiation between enhanced UE and legacy UE.

	FL
	@vivo and LG, please find similar clarification as above.
@LG, the differentiation here is similar to Updated Proposal 5 above.

	FL
	[Update] The following agreements were reached after the first check point. 
Agreements : Capture the followings into the TR.
· PUCCH repetition carrying HARQ-ACK for Msg4 was studied. Potential specification impacts include related signaling design, differentiation between enhanced UE and legacy UE. 



3.4 [H] Beam refinement during initial/random access

Proposal 10: Study solutions for beam refinement during initial/random access, including at least beam reporting in Msg3 PUSCH. 

	Company
	Comments

	Samsung 
	Fine with the proposal.

	Sony 
	We think that both solutions, candidate 1 and candidate 2, are important and should be studied. Therefore, we suggest modifying the text in the proposal to “Proposal 10: Study solutions for SSB enhancements and beam refinement during initial/random access, including at least beam reporting in Msg3 PUSCH.” 

	CATT
	The fundamental question is whether the enhancement is really needed. From our evaluation results, it is not necessary to do anything for the DL channels.

	Qualcomm
	Support the proposal

	Sharp
	Without early CSI/beam reporting in msg3 PUSCH, the coverage may be enhanced by lowering the coding rate. We propose to lower the coding rate for msg4 PUSCH by using scaling factor as in msg2 in our contribution [15]. Further, why do we discuss this separately from msg4 enhancement (in proposal 14/15)?

	ZTE
	We are fine to study beam reporting in Msg3. But we also see clear performance gain for SSB enhancement based on our SLS simulation results presented in our contribution. We also find the spec impacts for SSB enhancement would be small. 

In our understanding, beam reporting in Msg3 can apply for both Msg3 re-transmission, Msg4 and also DL transmissions before dedicated RRC is configured. 

	Nokia/NSB
	Fine.

	Ericsson
	Fine and agree that this early beam (eg. best SSB index, best CRI if early CSI-RS is configured) will help on all the downlink channels after msg3 and before the dedicated CSI-RS and CSI report are configured.

	AT&T
	We support this proposal and agree with Ericsson that this early reporting will help msg. 4 and all downlink channels after msg. 3

	InterDigital
	Support the proposal

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	Beam refinement should be down prioritized in CE SI, we should focus on the enhancement solution of the bottleneck channels. Because Msg4 is robust enough for the required scenarios.


            
Proposal 11: Capture the followings into the TR
· Beam reporting in Msg3 PUSCH was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 

	Company
	Comments

	Sony 
	We think that both solutions, candidate 1 and candidate 2, are important and the aspect of SSB enhancements should be captured in the TR.  

	CATT
	Same comments as P7 and P9.

	Qualcomm
	Support the proposal

	ZTE
	Support the proposal, and suggest to make similar proposal for SSB enhancement. 

	Nokia/NSB
	Support the proposal.

	Ericsson
	Fine to capture this in the TR with the common understanding that this is just for the description of different techniques proposed by companies in the TR.

	AT&T
	Support the proposal

	InterDigital
	Support

	FL
	With the FL comments made in Proposal 7, FL suggestion is to take current proposal 11 for approval. 
@Sony and ZTE, FL suggest to first agree on Proposal 11, and the discuss SSB related proposal and TP in the next round. 
@all, Please comment further only if you have concerns.

	LG
	If beam reporting and/or early CSI report are beneficial, it can be acceptable. But, so far, the performance benefit is not clearly revealed. 
Also, containing SSB index and/or CSI in msg3 PUSCH is one of example for reporting beam and/or CSI. So, it is better to use more general statement (e.g., Beam reporting in Msg3 PUSCH during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam).
It needs to be clarified the examples of potential standardization impact

	FL
	@LG similar clarification as above.
Updated as follows as LG suggested. 



Proposal 11-rev1: Capture the followings into the TR
· Beam reporting during initial/random access procedure in Msg3 PUSCH was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 

Please comment on the updated proposal 11 only if you have concerns on. 
	Company
	Comments

	FL
	[Update] The following agreements were reached after the first check point. 
Agreements : Capture the followings into the TR
· Beam reporting during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 



3.5 [L] A-CSI enhancements
Companies are invited to provide input on whether to support study A-CSI enhancements on PUSCH, and whether do you think we need to capture something in the TR, e.g, the followings?
· A-CSI repetition on PUSCH was studied. Potential specification impacts include signaling indication for repetition and supported repetition type. 

	Company
	Comments

	Ericsson
	Capture this in the TR with the common understanding that this is just for the description of different techniques proposed by companies in the TR.

	FL
	Companies are encouraged to provide input on this aspect, especially for the TP above. Given limited input, FL suggest to discuss potential TP in the next round. 

	Ericsson
	Include the impacts from our side:
Mechanism to determine the repetitions on repeated PUSCH or signaling indication for A-CSI repetition and/or supported repetition type.




Proposal 12: A-CSI repetition on PUCCH is deprioritized in NR coverage enhancement SI. 
	Company
	Comments

	Ericsson
	We have results shown the gains with repetitions and we also have MIL results shown the bottneck for A-CSI on PUSCH.
With that we need to capture this in the TR with the common understanding that this is just for the description of different techniques proposed by companies in the TR.

	Ericsson
	Include the impacts from our side, please update the proposal to capture it to TR if this is the common understanding:
Mechanism to determine the dynamic repetition of A-CSI PUCCH or signaling indication for A-CSI repetition or the PUCCH resource determination for A-CSI transmission on PUCCH.



Proposal 12-1: Capture the followings into the TR
A- CSI repetition on PUSCH was studied. Potential specification impacts include mechanism to determine the repetitions on repeated PUSCH e.g. signaling indication for A-CSI repetition and/or supported repetition type.

Companies are encouraged to provide your views on above proposal. 
	Company
	Comments

	Samsung 
	To save time, we can compromise to following version:
Suggested change:
A-CSI repetition on PUSCH and PUCCH was studied. Potential specification impacts include mechanism to determine the repetitions on repeated PUSCH, and mechanism to determine the dynamic repetition of A-CSI PUCCH. .e.g. signaling indication for A-CSI repetition and/or supported repetition type.

	Ericsson 
	Copied from email reflector: 
Regarding the updates on A-CSI from Qi, it looks fine to remove the examples but some text for PUCCH resource determination is missed, and I make some minor updates and include the text missed for PUCCH:
A-CSI repetition on PUSCH and PUCCH was were studied. Potential specification impacts include mechanism to determine the repetitions on repeated PUSCH, and mechanism to determine the dynamic repetition of A-CSI PUCCH and the mechanism for the PUCCH resource determination.  


	FL
	Updated the proposal in section 5 



Proposal 12-2: Capture the followings into the TR
A-CSI repetition on PUCCH was studied. Potential specification impacts include mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. signaling indication for A-CSI repetition, and the mechanism for the PUCCH resource determination for A-CSI transmission on PUCCH.

Companies are encouraged to provide your views on above proposal. 
	Company
	Comments

	Samsung 
	See comments in above.




3.6 [M] PDCCH enhancements
Proposal 13: Capture the followings into the TR
· Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration, DMRS design among PDCCH repetition. 

	Company
	Comments

	NTT DOCOMO
	In addition to the repetition, compact DCI may be considered for broadcast PDCCH enhancement.

	Qualcomm
	Fine with the proposal

	Intel
	It may be good to wait the outcome of AI8.8.1. If it is concluded that PDCCH is not identified as bottleneck channel, we do not need to include this in the TR.

	Panasonic
	We agree with the view from Intel.

	OPPO
	Fine with the proposal

	ZTE
	Fine with the proposal. 

	Nokia/NSB
	Same comment as for P9.

	Ericsson
	Although we do not see PDCCH is a bottleneck. Fine to capture all the technique descriptions in the TR with the common understanding that this is just for the description of different techniques proposed by companies in the TR.

	InterDigital
	Support

	FL
	With the FL comments made in Proposal 7, FL suggestion is to take current proposal 13 for approval. 

@all, Please comment further only if you have concerns.

	vivo
	It is fine to capture generic statement, how to capture the statement should be discussed based on outcome of AI8.8.1. Otherwise we end up capturing all the channel which do not have coverage issue.

	FL 
	@vivo, similar comments as above in proposal 7.



3.7 [M] Msg4 PDSCH
Proposal 14: Contingent on the outcome of sub-agenda 8.8.1, study Msg4 PDSCH enhancement in NR coverage enhancement SI. 
	Company
	Comments

	Intel
	Given that this is the last meeting in SI, suggest to wait for the outcome of AI8.8.1 and accordingly we can check which channels need to be improved.

	Sharp
	We support the proposal. However, why do we discuss it separately from early CSI/beam reporting in msg3 PUSCH?

	Panasonic
	We agree with the view from Intel.

	ZTE
	Support the proposal but we are fine to wait for the outcome of AI8.8.1. 

	Ericsson
	Fine. But please be noted that all the msg4 results are based on the assumption that best SSB is selected if we understand correctly. Maybe this is worth double checking.

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	Agree with intel.



Proposal 15: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing scaling factor for TBS determination and PDSCH repetition. Potential specification impacts include TBS determination, PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

	Company
	Comments

	Qualcomm
	Early CSI should be also added as an aspect for enhancement of Msg4 PDSCH

	Intel
	It may be good to wait the outcome of AI8.8.1. If it is concluded that this is not identified as bottleneck channel, we do not need to include this in the TR.

	ZTE
	Fine with the proposal. 

	Nokia/NSB
	Same comment as for P9.

	Ericsson
	Capture this in the TR with the common understanding that this is just for the description of different techniques proposed by companies in the TR.
But please also include early CSI on Msg3/MsgA PUSCH as another possible solution for this Msg4 enhancement. 

	FL
	Early CSI on Msg3 PUSCH is added based on comments from Qualcomm and Ericsson. 
@Ericsson, whether to update to add MsgA here could be further decided after there is conclusion for proposal 6. 

@all, with the FL comments made in Proposal 7, FL suggestion is to take following updated proposal 15 for approval. 



Proposal 15-rev1: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH, scaling factor for TBS determination and PDSCH repetition. Potential specification impacts include CSI-RS resources configured during initial access, TBS determination, PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

Please comment on the updated proposal 15 only if you have concerns on. 
	Company
	Comments

	
	




3.8 [L] PDSCH enhancement

Proposal 16: PDSCH enhancement is not studied in NR coverage enhancement SI. 
	Company
	Comments

	Intel
	It may be good to wait the outcome of AI8.8.1. If it is concluded that this is not identified as bottleneck channel, we do not need to include this in the TR.

	Panasonic
	We agree with the view from Intel.

	ZTE
	Ok to wait a bit for the outcome of AI 8.8.1. 

	Nokia/NSB
	Agree with Intel.

	Ericsson
	Agree that we do not discuss dedicated PDSCH enh. at this stage.

	FL
	Wait a bit for more input, and then FL will make corresponding proposal. 

	vivo
	Fine with the proposal.




4. Discussion (2nd round) [Closed]
This section summarizes the second round of discussion aiming for Chairman’s approval at the second check point (11/4). 

Continue discussion on the following proposals discussed in the first week.
Proposal 7-rev1: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same and different transmission beam.
· Potential specification impacts of multiple PRACH transmissions include: [the association between RO, SSB and preamble index], determination of number of transmissions and transmission pattern, transmission beam to be used for each initial transmission, finer beam for msg1 based on CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure, differentiation between enhanced UE and legacy UE, possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 

	Company
	Comments

	FL
	Based on the discussion in the first week, FL suggests to make following revisions. 
Delete ‘the association between RO, SSB and preamble index’. 
Change ‘determination of multiple PRACH transmissions’ to ‘determination of number of transmissions and transmission pattern’ to make it clear. 

Please comment only if you would like make a clarification or have concerns on. 

	LG
	Two different techniques (i.e., with different transmission beam, with different transmission beam) are mixed in a ‘PRACH enhancement’. We think that a part of potential specification can be applied for both techniques. But some potential specification can be applied for only specific technique. Hence, it needs that the potential specification impacts are described separately according to potential techniques.
· Potential specification impacts of multiple PRACH transmissions include:
For multiple PRACH transmissions with the same and different transmission beam
· determination of number of transmissions and transmission pattern 
· differentiation between enhanced UE and legacy UE
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions
Only for multiple PRACH transmissions with different transmission beam
· transmission beam to be used for each initial transmission
· beam indication for the following steps for RACH procedure 

Furthermore, it seems that one potential specification impact (‘finer beam for msg1 based on CSI-RS resources configured during initial access’) is not directly related with multiple PRACH transmission. The technique can be categorized as ‘PRACH enhancements with finer beam’. 

	Samsung
	Regarding the change, we are ok with the delete of association part as long as the proponent is fine.
Regarding the second change, we are not sure what the transmission pattern means here, does it effectively mean the RACH occasions of the transmission pattern?
In the comments in previous round, we thought the “determination of multiple RACH transmission” including the meaning of “determination of triggering/initiating multiple PRACH transmission”, e.g., in what condition that UE will select/be indicated to do multiple PRACH transmission. So if the intention is to go with a more specific way, suggesting adding following as well.
“determination of triggering/initiating multiple PRACH transmission ,determination of number of transmissions and transmission pattern,”
Regarding the comments by LGE that “finer beam for msg1 based on CSI-RS resources configured during initial access” is separated as ‘PRACH enhancements with finer beam’, we can be ok with that.

	FL
	@Samsung The transmission pattern here means the time/frequency pattern for multiple PRACH transmissions. 
@LG and Samsung, Thanks for the suggestion. The proposal is updated as follows. 

Proposal 7-rev2: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same and different transmission beam, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same and different transmission beam,
· determination of triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beam,
· transmission beam to be used for each initial transmission and
· beam indication for the following steps for RACH procedure 
· Potential specification impacts of PRACH enhancements with finer beam include PRACH enhancements with finer beam. 

	Nokia/NSB
	Fine with the structure of the new proposal, however, shouldn’t the last red bullet be 

"specification impacts of PRACH enhancements with finer beam include PRACH enhancements with finer beam for msg1 based on CSI-RS resources configured during initial access"


	Ericsson
	Regarding following bullets, isn’t the SSB to RO/preamble mapping already able to determine the SSB beam for each PRACH transmission? And which SSB beam is used for the downlink channels in following random access procedures can be determined by the QCL assumptions already specified in current spec. e.g. for RAR transmission the SSB beam is the one used for resource selection for the corresponding PRACH transmission, while the uplink beam is up to UE to select any best beam it can measure. It looks to us introducing more requirements on UE for uplink beam selection after msg1 degrades the performance instead.
· Only for multiple PRACH transmissions with different transmission beam,
· transmission beam to be used for each initial transmission and
· beam indication for the following steps for RACH procedure 
Or does the “beam indication” here mean the one in Msg3, i.e. the one mentioned in proposal 15 for Msg4 enhancement?

	FL
	@ Nokia/NSB, yes, it a cope-paste typo.

@Ericsson, FL understanding is, the beam for PRACH doesn’t have to be the same with one of the SSB beam. For instance, for a UE without beam-correspondence capability, it needs some ways to find the best UL beam for the UE. In such case, a UE can transmit multiple PRACH preambles using different UE Tx beams, and Msg2 for instance to indicate the best Tx beam to UE for the (re-)transmission of Msg3 and Msg4 HARQ-ACK. 

The proposal is updated as follows to correct the typo for the last bullet. 

Proposal 7-rev3: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same and different transmission beam, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same and different transmission beam,
· determination of triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beam,
· transmission beam to be used for each initial transmission and
· beam indication for the following steps for RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include PRACH enhancements with finer beam for msg1 based on CSI-RS resources configured during initial access.



	Intel
	We are generally fine with the proposal. Some editorial changes.
“determination of mechanism on triggering/initiating multiple PRACH transmissions,” 
· Potential specification impacts of PRACH enhancements with finer beam include PRACH enhancements with finer beam for msg1PRACH based on CSI-RS resources configured during initial access.

	LG
	We are generally fine with the Updated proposal 7, and Intel’s suggestion.

	CATT
	We are fine with deleting the ‘SSB, RO and preamble index’ association part.
Although we are generally fine with the current proposal and Intel’s update, we would like to make some clarifications for better understanding:
1) As explained by FL, the transmission pattern means ‘the time/frequency pattern for multiple PRACH transmissions’. In the current specification, the time and frequency resources are determined by the configuration and PRACH format, e.g. the PRACH periodicity, the time location within a frame, the starting symbols in a RACH slot, the bandwidth, etc. The intention here is that the multiple PRACH transmission will introduce new RACH configuration and additional bandwidth for a RACH transmission?  From my understanding, the current time/frequency resource allocation for PRACH transmission is sufficient. It would be appreciated if more details can be provided.

FL: The current mechanism can only determine one transmission occasion for PRACH. If multiple PRACH transmissions are considered, we need to determine all transmission occasions for all PRACH transmissions. As an example shown in Figure 1 in Section 3.2, FL understanding is that for this example, one way is to determine the first transmission occasion by current mechanism while for instance the rest transmission occasions are consecutively appended after the first transmission occasion. In any case, potential specification impacts may needed for determination of the transmission pattern. 

2) For ‘Only for multiple PRACH transmissions with different transmission beam’, we have some sympathies with Ericsson. It is definitely right that UE cannot derive which beam is best directly from the best SSB index if there is no reciprocity. In this case, it will be left to UE implementation in the current specification, i.e. nothing is specified. UE determines which UL beam is applied totally depending on implementing. The PRACH format A-C are actually designed for this case. gNB would operate beam sweeping on the different RACH symbols within a RO. In this regard, I am not sure what ‘transmission beam to be used for each initial transmission’ means. To be specific, how can we specify something on the beam determination if there is no reciprocity? 

FL: When we say ‘multiple PRACH transmissions with different transmission beam’, the sentence itself means we may need to specify that different transmission use different beam. Note that, this is only the potential spec impact. Whether we will specify this in the end will be further discussed in WI phase (of course if it is included in the scope). 


	Nokia/NSB
	With reference to questions asked by CATT, our understanding is that
1) ‘the time/frequency pattern for multiple PRACH transmissions’ refers to which resources configured by gNB for PRACH transmission can be used by UE to perform multiple PRACH transmissions. As of now, no discussion has been held on configuration (legacy or new these may be). This indeed would seem a discussion to be had during a WI phase, if this item will be part of it. Thus we are not sure it makes sense to discuss about this aspect now, given that the goal of the proposal is to capture the idea that possible specification impacts may (or may not) be observed in terms of ‘the time/frequency pattern for multiple PRACH transmissions’. As already explained by FL several times, these lists are neither exhaustive nor exclusive, hence it is probably better to be as comprehensive as possible to ensure all potentially relevant directions are captured.
2) Anything related to beams in this proposal is about the UE. Let’s assume UE can send msg1 multiple times during msg1 initial transmission (thus, the first access attempt UE performs). Then two options are possible:

· Each preamble transmission during the considered initial transmission is performed by the UE using the same Tx beam;
· Tx beams are changed during the considered initial transmission. For instance, each preamble is transmitted using a different Tx beam.
       
    Lack of reciprocity and beam correspondence assumptions at this stage is one of the major reasons why this approach can be very beneficial, given that a) gNB could measure stronger RSRP for msg1, and b) UE would be able to get some early-stage information on the beam-space which could be leveraged to increase msg3 coverage (as explained by Samsung as well in their comments to P18).  

	FL
	@CATT Thanks for being flexible. Please find my inline reply and also the clarification from Nokia/NSB.

Update with editorial changes:
· Suggestion from Intel.
· ‘for RACH procedure’ is revised to ‘in RACH procedure’. 
Proposal 7-rev4: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same and different transmission beam, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same and different transmission beam,
· mechanism on triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beam,
· transmission beam to be used for each initial transmission and
· beam indication for the following steps in RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include finer beam for PRACH based on CSI-RS resources configured during initial access.

	Ericsson
	@xianghui, some clarification may be needed here from our side, we meant that if the beam associated to the SSB beam is used for PRACH transmission the SSB to RO mapping can be used to tell gNB which beam may be used by UE and which SSB beam may be good for later downlink channel transmission. 
But on the UE side, UE knows everything on each transmissions it tried (power, beam, SSB for resource selection etc.). We didn’t mean uplink beam should be always the same with one of the SSB beam and agree that it’s completely up to UE to determine the UL beam for PRACH and Msg3 transmission as we also stated earlier. Whether UE uses UL beam corresponds to SSB or uses a even narrower beam if possible in implementation, it’s completely up to UE and the RAR message tells UE whether the UL beam used by PRACH transmission is good enough to make sure PRACH can be successfully detected on the gNB side and then msg3 can use similar beam or if UE realizes that a UL beam may already be changed due to e.g. fast movement, UE can determine a different UL beam for Msg3 transmission according to current mechanism specified in 3GPP, instead of following any indication (could be stale beam) from network side.

So compared to PRACH reattempt with power ramping which has already been supported in R15, which doesn’t require the beam reciprocity between SSB beam and PRACH beam either, meaning that UE already is able to do beam sweeping on different PRACH reattempts, we do not see the multiple PRACH transmission can be a coverage enhancement for PRACH.

Maybe this multiple PRACH transmission could be a latency reduction enhancement for PRACH? But this does not seem to be the issue that should be addressed in coverage enhancement topic, let alone the latency of PRACH transmission may be not a matter at all as we discussed in the first round.

Anyway, this is just description of the specification impacts introduced by this PRACH optimization according to our understanding. And we can discuss the priority and performance gains in next round in details and are fine to include the details in the TR for describing the techniques from companies. We provide some further comments on the descriptions in the next table for the revised proposal.

FL: Thanks for being flexible. The pros and cons you mentioned are already summarized in Section 3.2, and we will discuss RAN1 recommendation for WI scope in the last round of discussion. 

	Ericsson
	What does the “same and different” in “For multiple PRACH transmissions with the same and different transmission beam” mean? Maybe just say multiple PRACH transmissions?
It would be good to include note similar to P18 in the main bullet:
· Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.

	Apple
	We support the intention, although the wording needs to be revised (like same and different that Ericsson mentioned). On beam association between PRACH and Msg3, better not to be included in this proposal.

	FL
	@Ericsson@Apple, The “same and different” here means different schemes, one for the same beam transmission and one for different beam transmission. FL suggests following revision to make this clear. 
In addition, ‘beam indication’ is changed to ‘beam determination’ to make it more general. 



Proposal 7-rev5: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same beam, multiple PRACH transmissions with different beams, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same transmission beam and multiple PRACH transmissions with different transmission beams,
· mechanism on triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beams,
· transmission beam to be used for each initial transmission and
· beam determination for the following steps in RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include finer beam for PRACH based on CSI-RS resources configured during initial access.

	Company
	Comments

	FL 
	Please comment only if you would like make a clarification or have concerns on. 

	FL
	Proposal 7-rev5 is approved.




Proposal 12-1-rev1: Capture the followings into the TR
A-CSI repetition on PUSCH and PUCCH were studied. Potential specification impacts include mechanism to determine A-CSI repetitions on PUSCH, mechanism to determine the dynamic repetition of A-CSI PUCCH and the mechanism for the PUCCH resource determination.  

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	Apple
	This is too broad, e.g. first, mechanism to support A-CSI on PUCCH needs to be considered. Also, Why the proposal only mentions dynamic repetition indication for A-CSI on PUCCH? Is the assumption A-CSI on PUSCH can use the dynamic indication for data repetition? 

	FL
	@Apple, For the first comment, maybe we can make it to ‘mechanism to indicate A-CSI repetition on PUSCH and introducing PUSCH repetition type A’? 
For the second comment, it seems proponent only proposes dynamic repetition indication for A-CSI on PUCCH. Do you want to propose something more? 
For the last comment, FL understanding is A-CSI on PUSCH can reuse the dynamic indication for data repetition if the data is scheduled by non-fallback DCI. 
FL suggests proponent to further clarify above comments from Apple. 

	Ericsson
	@Apple, 
Regarding the A-CSI on PUCCH mechanism, as is shown in the proposal it may contain the mechanism to determine the PUCCH resource for A-CSI and the mechanism to determine the dynamic repetition which are not supported in current spec. Agree that we can include some examples on A-CSI on PUCCH to make it more clear.
Regarding A-CSI on PUSCH repetition, it can reuse the dynamic indication for data repetition or or separate dynamic indication. We’re fine to include these detailed signaling examples in the text as well.
Given above, maybe we can update it as is shown below if this can make it more clear:
A-CSI repetition on PUSCH and PUCCH were studied. Potential specification impacts include 
· mechanism to determine A-CSI repetitions on PUSCH e.g. A-CSI request and/or repetition factor in UL DCI, 
· mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI
· and the mechanism for the PUCCH resource determination
· e.g. Based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), support PUCCH formats that can carry CSI.


	FL
	As proponent clarifies, let’s check whether the following proposal is acceptable.



Proposal 12-1-rev2: A-CSI repetition on PUSCH and PUCCH were studied. Potential specification impacts include 
· mechanism to determine A-CSI repetitions on PUSCH e.g. A-CSI request and/or repetition factor in UL DCI, 
· mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI
· and the mechanism for the PUCCH resource determination
o e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), support PUCCH formats that can carry CSI.

	Company
	Comments

	FL 
	Please comment only if you would like make a clarification or have concerns on. 

	Apple
	Copied from email reflector:
On Proposal 12-1-rev2 (below), we still think it is very broad. Below please find some questions/comments. Maybe proponents can further clarify what the scope should be.
What is the PUSCH type, is it type A, B, or both? “And PUCCH”? We do not have A-CSI on PUCCH yet and this proposal talks about "A-CSI repetition" on PUCCH. What is the justification for CovEnh? What is the RS resources for A-CSI measurement? What is the timeline associated with the measurement and reporting? Should A-CSI on PUCCH be discussed here or under another agenda (like URLLC/IIoT)?

	Nokia/NSB
	Copied from email reflector:
We have similar understanding as Ali. We have been adding notes in many other proposals for much less structural aspects, e.g., spatial filter assumptions between msg1 and msg3.
A-CSI cannot be repeated over PUSCH in Rel-15
A-CSI cannot be transmitted over PUCCH in Rel-15
While it is absolutely fine to capture what has been studied, of course, we believe we should carefully note that what we declare as specification impact does not concern
the enhancement of a feature,
a new assumption,
a new indication/determination
but rather something very close to, if not a completely, new feature with several further implications, and connections, of which Ali provides a good initial example.

	FL
	Further discussion is needed.




Proposal 13: Capture the followings into the TR
· Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration, DMRS design among PDCCH repetition. 

	Company
	Comments

	FL
	Regarding ‘DMRS design among PDCCH repetition’ in Proposal 13, FL understanding is, similar to PUSCH repetition, it is possible to consider some DMRS related enhancements. Thus, FL suggest to keep it in the proposal. Similar situation for Proposal 15. 
Please comment only if you would like make a clarification or have concerns on. 

	Intel
	Thanks FL for clarification on DMRS design among PDCCH/PDSCH repetitions. Although we do not see the need to further enhance this, we are fine to include this in the TR.  

	CATT
	For broadcast PDCCH DMRS enhancement, we are not comfortable with including it in the TR. As explained by FL, something similar to PUSCH repetition can be considered. I am not sure what the commonality between broadcast PDCCH and PUSCH. For PDCCH, the DMRS locates on the fixed Res within each REG. PUSCH DMRS location depends on PUSCH type, AP and whether additional DMRS is configured. Could you please elaborate a bit more on the thinking of new DMRS design for broadcast PDCCH?

	FL
	@CATT, as I explained to Intel before. DMRS bundling across repetitions is proposed by company and it observes about 1~2 dB gain when DMRS bundling is enabled. Please refer to Section 3.6. My understanding is, it is possible to not configure DMRS for some of the repetitions if DMRS bundling is considered. While, it is just my understanding for its potential spec impacts. As FL, I am fine to delete this if you still have concerns. Then, we need to check whether it is acceptable to the proponent. 
No update is made for now. Please indicate whether there is still concerns based on above explanation.

	Apple
	We understand whole discussion here does not bring obligation the item is considered in WI (FL please correct if this is not a correct understanding). For this specific proposal, given that we are talking about CSS, the signaling to indicate UE that DMRS bundling is performed on this PDCCH should be further considered. 

	FL
	@Apple, Yes, as explained before, enhancements captured in the TR doesn’t mean it would be included in the WI. 
As DMRS bundling is only proposed by one company and I revived clarification that they don’t intend to change the DMRS design. So, the related text is removed. I think this could solve all comments above. 



Proposal 13-rev1: Capture the followings into the TR
· Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration, DMRS design among PDCCH repetition. 

	Company
	Comments

	FL 
	Please comment only if you would like make a clarification or have concerns on. 

	FL 
	Proposal 13-rev1 is approved.




Proposal 15-rev1: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH, scaling factor for TBS determination and PDSCH repetition. Potential specification impacts include CSI-RS resources configured during initial access, TBS determination, PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	Ericsson
	Try to update it a bit since it doesn’t have to introduce additional CSI-RS resources for CSI report on Msg3 for Msg4 enhancement and also for PDSCH after Msg4 before beam management in RRC connected state is available:
Enhancements of Msg4 PDSCH or PDSCH after Msg4 before beam management in RRC connected state is available enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH, scaling factor for TBS determination and PDSCH repetition. Potential specification impacts include reporting best SSB for better beam selection and/or the early RSRP/CQI for early link adaptation or reporting finer downlink beam via introducing additional CSI-RS resources configured during initial access, TBS determination, PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

	Intel
	Thanks FL for clarification on DMRS design among PDCCH/PDSCH repetitions. Although we do not see the need to further enhance this, we are fine to include this in the TR.  

	Sharp
	FL proposal is generally fine. For proposal 15, to make it clear which technical item corresponds to which potential specification impact, we propose the following update.

· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH, scaling factor for TBS determination and PDSCH repetition.
· Potential specification impacts of Msg4 PDSCH enhancements include:
· For early CSI on Msg3 PUSCH, CSI-RS resources configured during initial access
· For scaling factor for TBS determination, TBS determination
· For PDSCH repetition, PDSCH repetition configuration, DMRS design among PDSCH repetitions


	LG
	Comment) We are generally fine with FL proposal, and Sharp’s suggestion. 

Question) Ericsson proposes to insert ‘Enhancement of PDSCH after Msg4 before beam management in RRC connected state is available’ in the updated Proposal 15. We think ‘Updated Proposal 15:’ are aiming to describe Msg4 PDSCH enhancement related study result including potential specification impacts. 
Is the ‘updated Proposal 15’ right place to contain Ericsson’s proposal which is aiming to enhance PDSCH other than Msg4 PDSCH?

	Samsung 
	1. “early CSI report in Msg3 PUSCH” seems already captured in proposal 11, right? Suggest to remove it here;
2.  “scaling factor for TBS determination”, TBS scaling is supported by NR already. Does the intention is redesign some scaling factor value? If this is the case, suggest to remove it from here.
3. if the above two aspects are removed. The corresponding spec impacts are also removed: “Potential specification impacts include CSI-RS resources configured during initial access, TBS determination,”

	Sharp
	To Samsung,
Thank you for your comment. Yes, TBS scaling is already supported in NR. But the usage is limited to PDSCH with P-RNTI, RA-RNTI or msgB-RNTI. Our proposal is to apply the scaling factor to PDSCH with TC-RNTI.

	FL
	@ Ericsson, We have the following agreements already. This applies to not only Msg4 but also PDSCH after Msg4 before beam management in RRC connected state is available. That’s way I made it separate with Proposal 15 here. Given the early CSI report is for early link adaptation instead of beam management, ‘for early link adaptation ’ is added to make it clear. 
Agreements : Capture the followings into the TR
· Beam reporting during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 
@Intel, Thanks for being flexible. 
@ Sharp, Thanks, it is more clear.
@LG, Agree with you. What Ericsson suggested has been agreed already.
@Samsung, “early CSI report in Msg3 PUSCH” is for beam refinement, the proposal here is for link adaptation for Msg4. Please also find my reply to Ericsson. As for TBS scaling, I have the same understanding with Sharp. 
Based on above, Proposal 15 is updated as follows. Basically, only some editorial changes are made. 



Proposal 15-rev2: Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH for early link adaptation , scaling factor for TBS determination and PDSCH repetition.
· Potential specification impacts of early CSI on Msg3 PUSCH for early link adaptation include:
· CSI-RS resources configured during initial access.
· Potential specification impacts of scaling factor for TBS determination include:
· TBS determination.
· Potential specification impacts of PDSCH repetition include:
·  PDSCH repetition configuration, DMRS design among PDSCH repetitions. 
	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	FL
	Proposal 15-rev2 is approved.




Discuss the following new proposals:
Proposal 17: Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC-connected mode for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of the repetition type include:
· Repetition Type A
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC-connected phase for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· UE capability reporting in RRC-idle phase, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 

	Company
	Comments

	FL
	Regarding UE capability reporting, the spec impacts are based on the input on Aspect 5 in Section 3.1 and Proposal 5 in Section 4.1.

Companies are invited to provide their views below. 

	LG
	1) It seems better that the examples (i.e., ‘e.g.’) are not to be included in the potential impact. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· UE capability reporting in RRC-idle phase, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 

2) Minor editorial comment:
· Potential specification impacts of the repetition type include:
· PUSCH Repetition Type A

3) Minor correction:
I guess FL might intend to use ‘a UE in RRC connected mode’, ‘a UE in RRC_IDLE mode’ or ‘a UE in RRC_INACTIVE mode’ in [TS38.214] instead of ‘in RRC-connected phase’ and ‘in RRC-idle phase’


	China Telecom
	Generally support this proposal, for the potential specification impacts of indication of the number of repetitions for Msg3 initial transmission and repetitions for Msg3 re-transmission, we have the following suggestion:
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication, e.g., determined by PRACH configuration or information carried by RAR.
· Explicit/ Implicit indication mechanism, related signalling design.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication, e.g., determined by Msg3 initial transmission.
· Explicit/ Implicit indication mechanism, related signalling design.
Since the sub-bullet of the original version seems not an impact but a method.

	Samsung 
	We are fine with the version by FL. 
In general, we think the “e.g.,” part in here is helpful because otherwise the text captured in the TR will be just “explicit” or “implicit” which is really not much of information for the readers.

	Nokia/NSB
	Same opinion as Samsung. We do not see any harm in capturing some examples in the TR. Examples are not binding and other mechanisms can be considered in the future.

	Ericsson
	We can understand that via e.g. preamble grouping, gNB knows UE capability based on the group that the detected preamble belongs to, with little additional effort.
But how does UE do “UE capability reporting in RRC-idle phase” via DMRS ports of Msg3? Does this mean that gNB needs to do blind DMRS detection to know which UEs have which capability? 
FL: Yes, it is proposed that gNB need do blind DMRS detection as discussed in the first round. 
Is this multiple DMRS port support on Msg3 itself a new UE capability?
FL: My understanding is not necessary. For Rel-17 coverage enhancement UE, it can only support one DMRS port while the port is different to the one used for Rel-15/16 UE. So, it is still one DMRS port per UE. 

	Intel
	Given that RAN1 already spent quite some time discussing the detailed solutions for indication of repetition levels for Msg3 (re)transmission, it would be good to capture the discussions so far in the TR to reflect the progress. We support to include the “e.g.,” part in the proposal. 
For “UE capability reporting in RRC-idle phase”, it is not clear to us the exact meaning of “UE capability reporting”. We can certainly understand how to differentiate whether UE needs coverage enhancement for Msg1/3 vs. normal UEs who do not need coverage enhancement, but how does not this relate to “UE capability”? It would be good to clarify. 

	WILUS
	We are generally fine with FL proposal including “e.g.” points for signalling indication. However, we have concern about “UE capability reporting in RRC-idle phase”. It doesn’t seem aligned with “Aspect 5: gNB identification of whether a UE supports Msg3 PUSCH enhancements or not” that was initially captured from companies’ proposals. 

	Samsung 
	· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· UE capability reporting in RRC-idle phase mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 

	CATT
	Share the same views as Intel.
Clarification on repetition type A. The intention should be introduce repetition type A for msg3 instead of enhancing repetition type A, is this the correct understanding? If so, we propose the following modification:
· Potential specification impacts of the repetition type include:
· Introducing Rrepetition Type A
FL: Fine with the suggestion. But I need to note that, based on ‘the feasibility and applicability of enhancements studied for PUSCH in RRC-connected phase for Msg3 PUSCH initial and re-transmission ’, it is still possible to discuss repetition type A enhancement for Msg3 if it is supported for regular PUSCH.

	Qualcomm
	We prefer to keep the examples (the “e.g.” part). About “UE capability reporting in RRC-idle phase”, we prefer Samsung’s suggestion above. 

	FL
	2 companies prefer to delete the ‘e.g.’ part in the proposal while 6 companies prefer to keep it. 
FL suggestion is to keep it otherwise it would be too vague to say implicit and explicit indication. In addition, it has no harm and also is fair to capture these studied options considering all discussion we have done for this. Hope this is acceptable to all. 
@LGE, @Intel, @WILUS, @ Samsung, @Qualcomm, The “UE capability reporting in RRC-idle phase” is changed as Samsung suggested. 
@Ericsson, @CATT, Please see my inline reply.
Based on above, Proposal 17 is updated as follows.



Proposal 17-rev1: Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication mechanism, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of the repetition type include:
· Introducing PUSCH repetition Type A.
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 
	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	Apple
	Support in general. Note that inter-slot FH for Msg3 (for both initial and retransmission) is already supported in NR. If the intention here by including inter-slot FH in the text is to consider further enhancements, it has to be moved down under enhancements for PUSCH (in Sec. 6.1)    

	FL
	If I understand correctly, current Msg3 can only support intra-slot FH. Since there is no repetition is supported for Msg3 in Rel-15/16, there would be no inter-slot FH. Anyway, the intention here is to apply similar inter-slot FH mechanism as defined in Rel-15/16 for regular PUSCH. For potential additional enhancements for inter-slot for Msg3, it is covered by the fourth sub-bullet.  

	FL
	After about clarification, no comments are received within 20 hours. 

	FL
	Proposal 17-rev1 is approved.




Proposal 18: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop/close loop Tx diversity.
· Potential specification impacts of spatial setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial setting between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop/close loop Tx diversity include indication to use close-loop or open-loop TX-D, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the R15 codebooks and mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different PUSCH repetitions. 

Companies are invited to provide their views below. 
	Company
	Comments

	LG
	Could FL clarify the meaning of ‘same spatial setting’ and ‘close loop Tx divesity’?
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Indication mechanism and related for Eexplicit indication, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication, e.g., determined by PRACH configuration or information carried by RAR.

	Samsung 
	The same spatial setting means the same beam.

	Nokia/NSB
	Same understanding as Samsung. From our perspective, this implies to have 4-step and 2-step RACH behave in the same way in terms of spatial setting assumptions. Indeed, as mentioned already by other companies, in NR Rel-16 2-step RACH, the PRACH and msgA PUSCH are specified to use a same spatial setting. Having 4-step RACH behave in the same way, for what concerns spatial settings, would seem technically consistent, sound and natural, given that the physical meaning of the spatial setting would be the same in the two cases.

	Ericsson
	It seems the first sub-bullet, i.e. the “spatial setting” bullet, is already possible up to UE implementation in current spec. to pick the uplink beam used by PRACH for Msg3 transmission. Does this mean we want to introduce a requirement to force UE to not be able to select a UL beam different from the UL beam for PRACH corresponding to the selected SSB used for PRACH resource selection even if the e.g. SSB beam is changed? This looks degrading the Msg3 PUSCH performance instead of enhancing the Msg3 PUSCH performance. Could someone clarify how this can be an enhancement of Msg3 PUSCH?
Note that we have such TX beam setting requirement for MsgA PUSCH as it is different from Msg3 PUSCH and MsgA PUSCH is considered to be in one message as MsgA PRACH part, both having zero TA assumed and they are all transmitted on cell-specifically reserved PRACH occasions and PUSCH occasions where the set of PUSCH occasions are associated to the PRACH occasions in one PRACH slot.
Close loop TX diversity means network will indicate the precoder to be used by UE for uplink tx diversity, e.g. TPMI in DL signalling during initial access.

	Intel
	We share similar view as Ericsson that the gain for using same beam for PRACH and Msg3 PUSCH is not clear compared to existing UE behaviour, i.e., allowing UE to select different beams for PRACH and Msg3 PUSCH transmission. This highly depends on UE implementation on how to select wide/narrow beam for PRACH and Msg3 PUSCH transmission during initial access. This is different from 2-step RACH where the gap between MsgA PRACH and PUSCH can be small and it is very natural to apply same Tx beam for MsgA PRACH and PUSCH transmission. 

	LG
	Thanks for the clarification.
‘same spatial setting’
The benefit to force UE to use ‘a same spatial filter [TS38.213]’ for msg3 PUSCH transmission for Type-1 random access procedure is not clear. As explained by Ericsson and Intel, it is a quite different story for msgA PUSCH transmission for Type-2 random access procedure.
‘open-loop/close loop Tx diversity’ 
Is the intention to apply close-loop UL-MIMO to achieve coverage enhancement of msg3 PUSCH from obtaining more UL Tx beam gain? In order to operate codebook based CL UL-MIMO, at least SRS transmission is required after PRACH preamble transmission and before RAR reception. Are proponent thinking this procedure is allowable during random access procedure?

	Samsung
	For same beam/spatial setting:
The benefits for same beam applying to PRACH and msg3 (repetitions) are of course not from UE perspective. As argued by several companies, current NR allows UE implementation thus the UE is able to do so by itself. The benefits are for the gNB handling. The uncertainty of the UL TX beam is quite challenge part for gNB reception. If gNB could know the UL tx beam used by msg3 transmission, it’s quite helpful in the detection and decoding. From this perspective, it is similar as msgA PRACH and msgA PUSCH. Another aspect is although the gap between msg.1 and msg3 may not be as that short as msgA PRACH and msgA PUSCH, but there is no other UL beam management between these two messages. If the UL beam refinement has been performed by PRACH, thus, we think it’s natural/beneficial to apply the UL TX beam of succeed PRACH to the msg.3 transmission.
OL/CL Tx diversity
First, it is not a big issue to capture in TR to show that one company has considered this as an enhancement option.
Second, from technical discussion point of view, we share the questions from LGE on this point. The SRS seems quite necessary for codebook or even non-codebook based UL MIMO transmission to identify the precoding matrices. We may also not easily to using multiple PRACH to replace the SRS here, because although it can help with the multiple UL transmission beams but since the contention exists, the interference impact is quite uncertain in this case.  

	Qualcomm
	About “using the same spatial filter for Msg3”, we think we also need to consider the case that PRACH repetition (using possibly different spatial filters for each repetition) may be applied. In this case, Msg3 transmission may be using the same spatial filter as one of the PRACH repetitions (it may be indicated by Msg2 or another mechanism).

	Nokia/NSB
	As we said previously, it is not clear why having gNB to indicate the beam UE should use for the following steps of the RACH procedure could deteriorate performance. Indeed, any early stage information related to beam management UE or gNB may acquire during RACH is expected to have a non-negative effect (with reference to other improvements captured in other proposals). Samsung also provided good arguments from gNB’s perspective. 
Concerning the comments on the difference between 2SR and 4SR in terms of time gap between ROs and POs (in 2SR) as compared to time gap between msg1 and msg3 (in 4SR). According to 38.213 and 38.214, if we consider for instance am FR2 scenario with SCS=120 KHz, the time gap between msg1 and msg3 should never be larger than 11.5 ms (accounting for both RAR window duration and gap between end of RAR window and beginning of PUSCH for msg3). From our perspective, if we cannot rely on the beam space to be reasonably stable for at least 11.5 ms, this would automatically imply that gNB and UEs would spend most of their RRC-connected time performing beam management, given that most of DL/UL operations are supposed to enjoy stable beam conditions for much larger periods of time. Thus, it would seem only natural to rely on a reasonable stability of the beam space for at least 11.5 ms, in the worst case.
Finally, it is also not so clear from our perspective why setting a given spatial configuration for msg3 could lead to performance degradation, whereas indicating TPMI in the context of CL Tx diversity would help. Indeed, it could be argued that beneficial effects of TPMI require much tighter requirements to be observed as compared to beneficial effects of using the same spatial setting for msg1 and msg3.

	LG
	Thanks for the clarification about ‘using the same spatial filter for msg3 PUSCH transmission’. If I understand QC’s comment correctly, the benefit of beamforming gain for msg3 PUSCH transmission can be obtained by the indication of Tx spatial filter for msg3. In this aspect, we suggest to change the Proposal 18 as follow:
Proposal 18: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impact of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission includes:
· Indication of spatial filter for msg3 PUSCH transmission in case of multiple RACH repetition with different spatial filter


Also, the indication of Tx spatial filter for msg3 (i.e., ‘beam indication for the following steps for RACH procedure’) is also included in the specification impact of the Updated Proposal 7. In order to avoid description duplication of the same solution in different proposals, we suggest to remove the solution from the Updated Proposal 7
Updated Proposal 7: Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same and different transmission beam, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same and different transmission beam,
· determination of triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beam,
· transmission beam to be used for each initial transmission and
· beam indication for the following steps for RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include PRACH enhancements with finer beam for msg1 based on CSI-RS resources configured during initial access.

	FL
	@Qualcomm, If I understand correctly, you are fine with “using the same spatial filter for Msg3” and suggesting something more. But what you suggested seems have been included in Proposal 7 with ‘beam indication for the following steps in RACH procedure. 
@ LG, as commented to Qualcomm, I suggest to include what Qualcomm proposed (under assumption of multiple PRACH transmissions) in Proposal 7. Here, we may no need any indication but only some rules to specify the same spatial filter. The editorial suggestion is adopted. Thanks.
A summary of the discussion here. 
For same spatial filter: 3 companies support while 3 companies have concerns. 
For OL/CL Tx diversity: 1 company supports while 3 companies have concerns. 
Looking into the arguments here, there are pros and cons for both two schemes. For instance, it may relieve gNB detection if the same spatial filter is assumed between PRACH and Msg3. However, it may be arguable that it may limit UE cannot use a different potential beam even if the SSB beam is changed. For OL/CL Tx diversity, it would have diversity gain, while SRS transmission between Msg1 and Msg2 may be needed which seems have large impact and not sure its feasibility. It is questionable whether PRACH can serve the functionality of SRS in some extend. 

FL would like to check whether the following update is acceptable to all. 
Proposal 18: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop/close loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission. Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, and mechanism for SRS transmission between PRACH and Msg2. 
· Potential specification impacts of close-loop transmission diversity include, 
· Mechanism to indicate the use of close-loop transmission diversity, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the Rel-15 codebooks, and mechanism for SRS transmission between PRACH and Msg2. 
Note: for open-loop/close loop transmission diversity, mechanism for SRS transmission between PRACH and Msg2 would request large specification impacts. 

	Ericsson
	According the clarifications from proponent companies, if we understand correctly, here it means requiring Msg3 to use same UL TX beam as is used for PRACH so that gNB can use same RX beam to receive both PRACH and Msg3 even if the UL beam is not the best for Msg3 and/or PRACH. Is this true?
We do not even know how PRACH TX beam is associated PRACH RX beam based on current spec. everything is up to UE/gNB implementation, then how can we make sure forcing PRACH TX beam and Msg3 PUSCH TX beam can help Msg3 PUSCH reception performance?
But anyway, we can discuss the details in next step and are for now fine to capture the details in TR for solution description and we have some minor comments in the next table on the revised proposal. 

	Ericsson
	Early SRS transmission is not needed for open-loop TX-D solution, please remove the SRS transmission related text in the related bullet.
Remove the note. Do we need to list all the solutions introducing large specification impacts now in all proposals summarized, e.g. PRACH resource grouping etc. to support multiple PRACH transmission from single UE?
Note: for open-loop/close loop transmission diversity, mechanism for SRS transmission between PRACH and Msg2 would request large specification impacts. 

	FL
	Let’s remove both notes here, and check whether it is acceptable for all. FL want to emphasize again that capturing an enhancement to be captured in the TR doesn’t mean it will be included in the WI and the listed spec impacts are only potential. 




Proposal 18-rev1: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop/close loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission. Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, and mechanism for SRS transmission between PRACH and Msg2. 
· Potential specification impacts of close-loop transmission diversity include, 
· Mechanism to indicate the use of close-loop transmission diversity, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the Rel-15 codebooks, and mechanism for SRS transmission between PRACH and Msg2. 
Note: for open-loop/close loop transmission diversity, mechanism for SRS transmission between PRACH and Msg2 would request large specification impacts. 

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	Ericsson
	We’re fine with the update. But early SRS transmission is not needed for open-loop TX-D solution, as we commented earlier, please remove the SRS transmission related text in the related bullet.

	Samsung 
	The first note is a fact, with or without explicating captured, it is ture. So we are fine to remove it.
The second note, however, it can provide technical information for the solutions RAN1 studied, if we want to capture it in the TR. Without this note, I have issue to understand the solution been studied.
As commonly understand and also stated by the proponent itself in the tdoc [R1-2008421], the close-loop needs accurate CSI, PRACH may not do the job, the natural way is the perform SRS-based CSI estimation. So could proponent clarify the mechanism to achieve the accurate CSI without SRS? Otherwise, we prefer to keep the content and the note.
[R1-2008421]“Open-loop Tx Diversity for Msg3 can be combined with Msg3 repetition, for example, precoder or beam cycling, or antenna hopping between Msg3 repetitions. Closed-loop Tx Diversity for Msg 3 is also possible if gNB has accurate channel state information.”
Suggested change:
· Potential specification impacts of close-loop transmission diversity include, 
· Mechanism to indicate the use of close-loop transmission diversity, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the Rel-15 codebooks, and mechanism for SRS transmission between PRACH and Msg2. 
Note: for open-loop/close loop transmission diversity, mechanism for SRS transmission between PRACH and Msg2 would request large specification impacts. 
 One more question, for the Open loop TxD, in case of succeed PRACH (i.e., UE received the RAR), why UE will like to do beam cycling in the msg3 repetition? Purely repetition using the already proved UL Tx beam of PRACH is naturally a better way.

	FL
	Copied from email reflector:
It seems we are stuck here. Since the deadline is approaching, FL suggests to make the controversial parts in brackets for now, and we can further resolve these parts in the next round of discussion. 
Proposal 18-rev2: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop/close loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission. [Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.]
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, [and mechanism for SRS transmission between PRACH and Msg2]. 
· Potential specification impacts of close-loop transmission diversity include, 
· Mechanism to indicate the use of close-loop transmission diversity, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the Rel-15 codebooks, and mechanism for SRS transmission between PRACH and Msg2. 
[Note: for open-loop/close loop transmission diversity, mechanism for SRS transmission between PRACH and Msg2 would request large specification impacts.] 


	Ericsson
	@Qi,
For closed-loop TX-D during initial access, we agree that early SRS transmission is one way to make sure of the accurate CSI, however it is a complex solution. Depending on the open loop TX-D scheme for PUSCH, it may be possible to use the prior open-loop PUSCH transmissions for closed-loop TX-D e.g. using antenna selection. In this way, with both open loop and closed-loop TX-D, we may not even need any SRS for closed-loop TX diversity. And again, we do not need early SRS for open-loop TX-D.
Overall, closed-loop TX-D may be seen as an enhancement on top of open-loop TX-D for the purpose of coverage during initial access, so we’re also OK to remove the closed-loop TX-D part in this proposal.
Beam cycling is one possibility, and it can be considered along with the other possible OL TxD schemes in the WI phase.


	Intel
	Copied from email reflector:
Regarding “Proposal 18-rev2:”, we share similar view as Ericsson that for open loop Tx diversity for Msg3 PUSCH enhancement, we do not need mechanism for SRS transmission between PRACH and Msg2. We suggest to remove it. 
 
For closed loop Tx diversity for Msg3 PUSCH enhancement, it is not clear to us which companies proposed this. It would be good to clarify. We expect this would introduce substantial spec impact and in fact, Coverage enhancement SI/WI would not be a right place to study/work on this feature. We also suggest to remove it. Thanks.

	FL
	Further discussion is needed.

	LG
	Regarding the open loop transmission diversity in “Proposal 18-rev2”, we have same view as Ericsson and Intel, which is that ‘mechanism for SRS transmission’ is not necessary.
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, and mechanism for SRS transmission between PRACH and Msg2. 

In addition, we need to clarify the meaning of ‘mechanism to determine’ precoder cycling pattern on different Msg3 PUSCH repetition. 
If I try to understand correctly, the intention of ‘precoder cycling’ is to obtain spatial diversity gain from applying different precoder at each PUSCH repetition unit on top of UE selected or network indicated UL Tx filter. For the detail of an open-loop transmission diversity, we can consider three examples for msg3 PUSCH transmission with repetition. 
1. Same precoder is applied for a group of PUSCH repetition unit, then different precoder can be applied for different group of PUSCH repetition unit.
2. UE selected different precoder can be applied for each PUSCH repetition unit.
3. Predetermined precoder(s) can be applied for each PUSCH repetition unit. 

In the 1st and 2nd example, UE may randomly select the transmission precoder. In the 3rd example, UE just uses already determined transmission precoder. 
In this sense, we can’t easily understand which ‘mechanism to determine’ the precoder cycling pattern is necessary. If I didn’t catch fully the meaning of the example, further clarification is highly appreciated. 


	Ericsson
	Thanks for the good comments from LG for better understanding the possible precoder cycling mechanism. 
Yes, same or different precoders can be selected for each of the PUSCH repetition, and we’re open to discuss the details in work item stage.

Regarding your 3 examples:
1 & 3 are similar: they both let gNB know which repetitions (in a PUSCH repetition unit as you said) can be combined for cross-slot channel estimation, while allowing diversity gain when different precoders are used. 2. is possible in Rel-15/16: UE is free to virtualize its antennas however it wishes in Rel-15/16.





Proposal 19: Capture the followings into the TR
Power domain based solutions were studied from several aspects for Msg3 PUSCH, including pi/2 BPSK waveform and power control enhancement. 
· Potential specification impacts of pi/2 BPSK waveform include defining the usage of pi/2 BPSK modulation for Msg3 and potential power boosting based on the Msg3 time domain resource allocation. 
· Potential specification impacts of power control enhancement include configuration of multiple sets of power control parameters.

Companies are invited to provide their views below. 
	Company
	Comments

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Support.
Slight wording changes suggested as follows – 

Power domain-based solutions were studied for Msg3 PUSCH, including pi/2 BPSK waveform and power control enhancements. 
· Potential specification impacts of pi/2 BPSK waveform using DFT-s-OFDM include defining the usage of pi/2 BPSK modulation for Msg3 and either explicit or implicit power boosting based on the Msg3 time domain resource allocation. 
· Potential specification impacts of power control enhancements include configuration of multiple sets of power control parameters.

	
	



Proposal 19-rev1: Capture the followings into the TR
Power domain-based solutions were studied for Msg3 PUSCH, including pi/2 BPSK waveform using DFT-s-OFDM and power control enhancements. 
· Potential specification impacts of pi/2 BPSK waveform using DFT-s-OFDM include defining the usage of pi/2 BPSK modulation for Msg3 and either explicit or implicit power boosting based on the Msg3 time domain resource allocation. 
· Potential specification impacts of power control enhancements include configuration of multiple sets of power control parameters.

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	FL
	Proposal 19-rev1 is approved.



5. Discussion (3rd round)[Closed]
Discussion on proposals/observations for approval at the 3rd check point (11/10)
5.1 Proposals to be captured in the TR
Continue discussion on the following proposals discussed in the second round.
Proposal 12-1-rev2: Capture the followings into the TR
A-CSI repetition on PUSCH and A-CSI on PUCCH to allow A-CSI repetition were studied. Potential specification impacts include 
· mechanism to determine A-CSI repetitions on PUSCH, e.g. A-CSI request and/or repetition factor in UL DCI, and PUSCH repetition type, 
· mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, and related timeline, 
· mechanism for the PUCCH resource determination, 
· e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), support PUCCH formats that can carry CSI.

	Company
	Comments

	FL
	Below is Ericsson’s reply to Apple’s clarification: 
To answer Ali’s questions:
[Ali]: What is the PUSCH type, is it type A, B, or both? “And PUCCH”? We do not have A-CSI on PUCCH yet and this proposal talks about "A-CSI repetition" on PUCCH. What is the justification for CovEnh? What is the RS resources for A-CSI measurement? What is the timeline associated with the measurement and reporting? Should A-CSI on PUCCH be discussed here or under another agenda (like URLLC/IIoT)?

For A-CSI on PUSCH, type A can can be a starting point to us but we are open to discuss. 
Right, we do not have A-CSI on PUCCH yet, but our intention is to allow PUCCH with CSI repetition to be triggered a-periodically.
The justification for CovEnh is that we want to take advantage of the good coverage from repetition of PUCCH.
The details of timing are probably better to be discussed in a work item, but we agree they will need to be designed. We would welcome any suggestions you have on this.

Regarding the A-CSI study in other agenda, the handling of overlapped objectives from multiple topics was discussed in RAN#89-e meeting, and the conclusion is:
· Handling of overlapped objectives involving Rel-17 feMIMO, Rel-17 IIoT/URLLC and Rel-17 Coverage Enhancements is to be discussed in RAN#90-e.
· Note: discussion in RAN1#103-e for each of the above items is based on the respective WID or SID. In particular, PUCCH aspects under feMIMO should focus on multi-TRP only.
Therefore, it can be handled in the next RAN plenary and we can to discuss A-CSI on PUCCH here.
Given above, some updates for proposal 12-1-rev2 from our side could be:
Proposal 12-1-rev2: Capture the followings into the TR
A-CSI repetition on PUSCH and A-CSI on PUCCH to allow A-CSI repetition were studied. Potential specification impacts include 
 mechanism to determine A-CSI repetitions on PUSCH e.g. A-CSI request and/or repetition factor in UL DCI, 
 mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI
 and the mechanism for the PUCCH resource determination
o e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), support PUCCH formats that can carry CSI.

FL also added some texts:
· Adding PUSCH repetition type for A-CSI on PUSCH,
· Adding related timeline for A-CSI on PUCCH. Because A-CSI on PUCCH is not supported before and it needs to study the the timeline (though it may end up with reusing some existing timeline). 

	Intel
	For A-CSI on PUCCH, it is not clear to us why existing PUCCH framework may not be reused for indication of PUCCH repetition? In our view, this may be similar to dynamic indication of repetition levels as discussed in PUCCH coverage enhancement, where repetition level can be configured by higher layers per PUCCH resource. The same mechanism may be used for A-CSI on PUCCH. We suggest to update this as

· mechanism to determine the dynamic repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 

For PUCCH Resource determination, it is not clear to us why we need “support PUCCH formats that can carry CSI”. We can simply reuse the existing mechanism for PUCCH formats to carry A-CSI. We suggest to remove this as
· e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), support PUCCH formats that can carry CSI.


	Ericsson
	Fine with the 1st update from Intel.
For the 2nd update by Intel, “support PUCCH formats that can carry CSI”, our intention is that since some of the PUCCH format can not be used for carrying CSI in legacy, we do not want to enhance those formats to support CSI in R17. So it’s better to keep the text here.

	Samsung 
	One clarification question to understand this solution:
In “mechanism to determine A-CSI repetitions on PUSCH e.g. A-CSI request and/or repetition factor in UL DCI,” what is the meaning of A-CSI repetitions on PUSCH? Does it mean A-CSI itself will be repeated several times in one PUSCH, or each/every PUSCH repetition has one A-CSI, or each PUSCH repetition has multiple A-CSI part? If the A-CSI repetition factor is separately configured, it seems its repetition number may not equal to that of PUSCH repetitions, when how to select which PUSCH repetitions to carry the A-CSI and which not? 


	FL
	@Ericsson @ Intel, If the intention is to based on the existing PUCCH formats that can carry CSI, then FL suggests to update the proposal as follows.
@Samsung, FL understanding is that A-CSI repetitions on PUSCH means each/every PUSCH repetition has one A-CSI. 
Companies please check whether the following update is acceptable.
Proposal 12-1-rev3: Capture the followings into the TR
A-CSI repetition on PUSCH and A-CSI on PUCCH to allow A-CSI repetition were studied. Potential specification impacts include 
· mechanism to determine A-CSI repetitions on PUSCH, e.g. A-CSI request and/or repetition factor in UL DCI, one A-CSI in each PUSCH repetition, and PUSCH repetition type, 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 
· mechanism for the PUCCH resource determination, 
· e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.

	Apple
	Do not support. Same reason as my previous comments as they are not fully addressed. We may be able to live with the proposal if the scope targets PUSCH type-A. A-CSI on PUCCH with repetition! is not justified under CovEnh.

	Ericsson
	Updates from FL is fine for us and we’re also fine with the PUSCH Type A only for A-CSI on PUSCH as we’ve stated earlier.
@Apple, try to repeat our feedback since we didn’t see your specific concerns on our feedback earlier:
Regarding the A-CSI on PUCCH mechanism, as is shown in the proposal it may contain the mechanism to determine the PUCCH resource for A-CSI and the mechanism to determine the dynamic repetition which are not supported in current spec. and it may also be configured via RRC and which is why FL try to add “configuration of repetition levels per PUCCH resource”. 
These are the possible spec. impacts that we can see. If you see other impacts, we’re also open to discuss to include them if possible.

	FL
	Let’s separate the proposal into two parts as follows. FL understanding is that at least the first proposal is ok to Apple. 




roposal 12-1-rev4: Capture the followings into the TR
A- CSI repetition on PUSCH was studied. Potential specification impacts include mechanism to determine A-CSI repetitions on PUSCH, e.g. A-CSI request and/or repetition factor in UL DCI, one A-CSI in each PUSCH repetition, and PUSCH repetition type A.  

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	
	



Proposal 12-2-rev1: Capture the followings into the TR
A-CSI on PUCCH to allow A-CSI repetition was studied. Potential specification impacts include 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 
· mechanism for the PUCCH resource determination, e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.

	Company
	Comments

	FL
	We have one company shows strong interests while one company has concerns. If situation is not changed, FL will report this to Chairman and ask for Chairman’s guidance for this proposal. 

	Ericsson
	I try to include some text based on the concern on the RS resource determination for CSI measurement based on the latest version.
Proposal 12-2-rev1: Capture the followings into the TR
A-CSI on PUCCH to allow A-CSI repetition was studied. Potential specification impacts include 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 
· mechanism for the PUCCH resource determination, e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.
· RS resource for CSI measurement (e.g. aperiodic CSI-RS, DMRS)

[And copy discussions from mail]
[Ali]@Zhipieng, I am not sure what you mean by “haven’t seen the clear specific concern…”. I had listed a couple of issues with the proposal, where none is addressed. 
[bookmark: _Hlk55978365][Zhipeng] Not sure what do you mean “none is addressed”, try to copy what we discussed in this reply in case we may have some misunderstandings.
1- For A-CSI repetition on PUSCH, it has to be clear the proposal is talking about PUSCH repetition type-A or type-B. We cannot support proposal in this format, we may be ok with PUSCH Type-A.
[Zhipeng] As we stated earlier, we’re also fine to focus on Type-A as a start point.
2- For A-CSI repetition on PUCCH, there are more open issues. What you mentioned below is only about PUCCH resource indication. In addition, RS resource for CSI measurement (e.g. is it DMRS-based or not), and timeline for CSI report, justification to have A-CSI on PUCCH, were all part of my original comment that are not addressed yet. We do not support A-CSI repetition on PUCCH without a strong justification for CovEnh.
[Zhipeng] Try to copy our comments back and forth during the email discussions to make things clear for better understanding in case we may miss something.
In our replies, we try to address all your concerns and assume some details like time line, RS resources may be discussed in detail in work item stage (and this may be in URLLC as well as you’re also in that topic). 
Xianghui tried to help to add some aspects for you in the proposal. Now I also add the RS determination bullet for you, though maybe reusing CSI-RS resource configuration is enough, we can discuss in details later in work item stage in whichever topic if possible. Please feel free to add other details that apple wants in this proposal to move forward as we commented earlier.
· Adding PUSCH repetition type for A-CSI on PUSCH,
· Adding related timeline for A-CSI on PUCCH. Because A-CSI on PUCCH is not supported before and it needs to study the the timeline (though it may end up with reusing some existing timeline).
[Apple] This is too broad, e.g. first, mechanism to support A-CSI on PUCCH needs to be considered. Also, Why the proposal only mentions dynamic repetition indication for A-CSI on PUCCH? Is the assumption A-CSI on PUSCH can use the dynamic indication for data repetition? 
[Ericsson] @Apple, 
Regarding the A-CSI on PUCCH mechanism, as is shown in the proposal it may contain the mechanism to determine the PUCCH resource for A-CSI and the mechanism to determine the dynamic repetition which are not supported in current spec. Agree that we can include some examples on A-CSI on PUCCH to make it more clear.
Regarding A-CSI on PUSCH repetition, it can reuse the dynamic indication for data repetition or or separate dynamic indication. We’re fine to include these detailed signaling examples in the text as well.
[Apple]	Copied from email reflector:
On Proposal 12-1-rev2 (below), we still think it is very broad. Below please find some questions/comments. Maybe proponents can further clarify what the scope should be.
What is the PUSCH type, is it type A, B, or both? “And PUCCH”? We do not have A-CSI on PUCCH yet and this proposal talks about "A-CSI repetition" on PUCCH. What is the justification for CovEnh? What is the RS resources for A-CSI measurement? What is the timeline associated with the measurement and reporting? Should A-CSI on PUCCH be discussed here or under another agenda (like URLLC/IIoT)?
[Ericsson] For A-CSI on PUSCH, type A can be a starting point to us but we are open to discuss. 
Right, we do not have A-CSI on PUCCH yet, but our intention is to allow PUCCH with CSI repetition to be triggered a-periodically.
The justification for CovEnh is that we want to take advantage of the good coverage from repetition of PUCCH.
The details of timing are probably better to be discussed in a work item, but we agree they will need to be designed. We would welcome any suggestions you have on this.
[Apple]	Do not support. Same reason as my previous comments as they are not fully addressed. We may be able to live with the proposal if the scope targets PUSCH type-A. A-CSI on PUCCH with repetition! is not justified under CovEnh.
[Ericsson] @Apple, try to repeat our feedback since we didn’t see your specific concerns on our feedback earlier:
Regarding the A-CSI on PUCCH mechanism, as is shown in the proposal it may contain the mechanism to determine the PUCCH resource for A-CSI and the mechanism to determine the dynamic repetition which are not supported in current spec. and it may also be configured via RRC and which is why FL try to add “configuration of repetition levels per PUCCH resource”. 
These are the possible spec. impacts that we can see. If you see other impacts, we’re also open to discuss to include them if possible.

	FL
	Latest proposal.
Proposal 12-2-rev2: Capture the followings into the TR
A-CSI on PUCCH to allow A-CSI repetition was studied. Potential specification impacts include 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 
· mechanism for the PUCCH resource determination, e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.
· RS resource for CSI measurement (e.g. aperiodic CSI-RS, DMRS)





Proposal 18-rev3: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop/close loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission. Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, and mechanism for SRS transmission between PRACH and Msg2. 
· Potential specification impacts of close-loop transmission diversity include, 
· Mechanism to indicate the use of close-loop transmission diversity, mechanism to determine the precoder in random access procedure, e.g. reuse a subset of the Rel-15 codebooks, and mechanism for SRS transmission between PRACH and Msg2. 
	Company
	Comments

	FL
	Based on the previous round of discussion, the proposal is updated as above. Regarding open-loop diversity, please also refer to the further clarification made by LG and Ericsson in the second round.
Please comment only if you would like make a clarification or have concerns on. 

	Samsung 
	1. Remove the note in first bullet. Here is to capture the potential spec impact of the studied methods, noting a simple/well-known fact is not meaningful.
2. One additional comment on the open loop Tx diversity. We may also need to pay attention on the impact of such method to other potential enhancements, e.g., if this Tx diversity method is adopted, then other enhancement like DMRS sharing or cross-slot channel estimation may not be applicable. So suggest to add a note for this.
  
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission. Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop transmission diversity include, 
· Mechanism to indicate the use of open-loop transmission diversity, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions, and mechanism for SRS transmission between PRACH and Msg2. Note: there could be blockage of using other enhancement like DMRS sharing or cross-slot channel estimation.


	CATT
	We are fine with Samsung’s update.
Editorial modification for the main bullet: add back ‘transmission diversity’ after open-loop.


	Intel
	We are fine to remove the note “Note: it is up to UE implementation in Rel-15/16 to use a same or different spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission” as this does not provide additional information for enhanced scheme. 
For the new note added by Samsung, we have different understanding. It is unclear to us what “blockage” means here when using cross-slot channel estimation. Our understanding is that when precoder cycling pattern is considered, e.g., when same precoder is applied for two adjacent slots, gNB may apply cross-slot channel estimation to improve the performance. We suggest to keep the original version from FL. 

	Nokia/NSB
	Agree with Samsung and Intel on the first note.
Agree with CATT on Editorial modification.
Agree with Samsung on the addition of the Note about the impact on DMRS enhancements, however we also share Intel’s concerns of the wording of the Note. Maybe we could consider to phrase the Note as follows:
Note: this enhancement can limit the feasibility of other enhancement like DMRS sharing or cross-slot channel estimation only to specific configurations.

	Ericsson
	We cannot understand the meaning of the new note added by Samsung for the potential impacts to R15/16 specs. 
Is the DMRS sharing/cross-slot channel estimation supported in current spec. in R15/16? 
Or are we going to discuss which solutions should be supported alone or together with others and having things mixed? Should we add such notes for other agreed proposals for other solutions?
FL’s original Proposal 18-rev3 is good enough to capture the solutions in spatial domain.

	Samsung
	We agree Intel’s comments that if all the repetitions are using same precoder, cross slot channel estimation can be used, but is it called precoder cycling in this case? We understand the intention of E/// to propose this is to use different precoders. If in order to use the cross-slot channel estimation, then UE has to use same precoder. This is exactly the blockage (but we agree, Nokia’s wording is better) of using other enhancements. In overall, we are fine with Nokia’s version on the note.
To E///, there is no intention to decide whether the solutions to be used alone or mixed. Since the target and bottleneck has not determined yet. We just raised this point from the aspect of understanding this specific solution’s standard impact. DMRS enhancement is a popular solution in the discussion in PUSCH enhancement, thus it’s natural to notice this potential conflict to them. This is not the direct impact to rel-15/16 existing NR, which is why it is served as a note. 
If the proponent of this solution could clarify that such limit does not exist, we are fine to remove it; otherwise, we think it’s meaningful to capture this note.

	FL
	The following updates are made: 
· The first note is deleted as suggested.
· Update the second sub-bullet according to the agreements reached on open-loop transmission diversity for regular PUSCH. Similar to the agreements for regular PUSCH, FL suggests to not add further note here. It should be noted that, both the first note deleted and the second note to be added are simply facts. With or without the note, it will not change the situation. 
Proposal 18-rev4: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission.
· Potential specification impacts of open-loop transmission diversity include, mechanism to indicate support of transmission diversity for Msg3 PUSCH with DFT-s-OFDM, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions.

	Intel
	We are fine with the updated proposal. 
@Samsung, sorry for the confusion. As shown in the figure below, precoder cycling is applied for Msg3 PUSCH repetition, where precoder 1 is applied for the first two PUSCH repetitions and precoder 2 is applied for the last two PUSCH repetitions. 
Note that if same precoder is applied for the two PUSCH repetitions, cross-slot channel estimation can be employed to improve channel estimation performance. This is our understanding of precoder cycling and relationship with cross slot channel estimation. If this clarifies, we suggest to remove the second note.
[image: ]

	Apple
	“…including…” means Msg3 may or may not be beam associated with PRACH? Enhancements like SRS in between are not well justified and should be clearly given lower priority. So the main proposal should be based on Msg3/PRACH beam association and further optimization are in the sub-bullets. Also, mechanism on how legacy UE and new UE are differentiated should be mentioned.

	Ericsson
	We’re fine with the updates from FL, assuming this is just to capture companies’ detail solutions and potential spec. impacts to R15/R16 in TR as has been repeated by companies and feature leader many times.
@Qi, I’m not sure whether we need to spend time to debate on whether any new solution may block other new solutions for now. And it’s not appropriate for us to discuss pros and cons at this stage, we’re discussing how the solution is going to work.
Different precoder on different number of repetitions doesn’t mean the cross-slot channel estimation will be blocked. In the example provide by Intel, it’s clear that a precoder pattern that can be applied to support cross-slot channel estimation. 
Besides, similar to precoding, in the normal PUSCH discussions, for the effect of frequency hopping to cross-slot channel estimation, we have “inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation.” proposed in the cross-slot channel estimation proposal. But we didn’t see any notes saying frequency hopping will block cross-slot channel estimation.
Hope above addresses your concerns.

	FL
	@Samsung, As I replied earlier, the note suggested by Nokia is a fact. FL doesn’t see much need to add such note for now. If it is included in WI, such fact will anyway be a prerequisite for further discussion. Please note that, we have made similar agreements for regular PUSCH without adding such note. 
@Apple, The spec impact part has already clarified that the same spatial filter is applied for both PRACH and corresponding Msg3 PUSCH transmission. The SRS part is deleted already. Regarding adding ‘Mechanism to differentiate enhanced UE and legacy UE’, it’s fine to add it. But, whether these features could be combined with other enhancement features could be discussed in WI phase. 



Proposal 18-rev5: Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission, mechanism to differentiate enhanced UE and legacy UE.
· Potential specification impacts of open-loop transmission diversity include, mechanism to indicate support of transmission diversity for Msg3 PUSCH with DFT-s-OFDM, mechanism to differentiate enhanced UE and legacy UE, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions.

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	
	





Discuss the following new proposals.
Proposal 20: Capture the followings into the TR
SSB enhancements were studied, including increasing the number of SSB beams, dual polarized SSBs with the same spatial filter setting, and single vs. dual polarized UE antennas.
· Potential specification impacts of increasing the number of SSB beams include mechanism for indication of SSB beam index, mechanism to ensure backward compatibility with legacy UE.
· Potential specification impacts of dual polarized SSBs with the same spatial filter setting include determination of the association of SSB index to both polarization and spatial filter setting.
· Potential specification impacts of single vs. dual polarized UE antennas include mechanism to ensure UE awareness of polarization properties of SSBs.

	Company
	Comments

	FL
	SSB related enhancements are discussed in [2, Huawei, HiSilicon], [4, ZTE], [14, Sony], details can refer to section 3.4.

	CATT
	We are fine with capturing the relevant studies into TR. However, we are not clear with the second bullet. Polarization is related to antenna and totally implementation, then what does dual polarized SSB mean?  How to transmit SSB, i.e. polarization，spatial filter, depends on gNB implementation. The reason of specify the relation here is unclear. It would be appreciated if more clarification is provided.

	Sony
	@CATT, Agree that today the spatial filter for SSB transmission is up to implementation. What is proposed is to allow a gNB to share with UEs when/if orthogonally polarized SSBs are transmitted with same spatial filter. We showed in our contribution (R1-2008372 [14]) that significant gain can be achieved by the suggested enhancement to the SSBs.  
To clarify, we propose to replace bullets two and three with the following
· Potential specification impacts of dual polarized SSBs with the same spatial filter setting include determination of the association of SSB index to both polarization and spatial filter setting.
· Potential specification impacts of single vs. dual polarized UE antennas include mechanism to ensure UE awareness of polarization properties of SSBs.
· Potential specification impacts of dual polarized SSBs with the same spatial filter setting including mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communicate paired SSB indices associated with a same spatial filtering and different polarizations, to the UE.



	Intel
	We share similar view as CATT for dual polarized SSBs, which would be up to gNB implementation. Further, we have a question for clarification: for initial access, how can UE know the information whether dual polarized SSBs is applied, given that it is the first step for UE to access the network? It would be good to clarify this. 

	Sony
	@Intel. First, we agree that as of today SSB implementation is up to implementation. However, from our simulations we see clear advantage if the UE can be made aware of the polarization of the SSBs and if both polarizations are present. Based on the proposals below we believe that this will work for initial access. 
· One straight forward way to implement this into the specification would be to encoded it into in the PBCH or as a part of the SSB index.  
· An alternative approach with less specification impact would be to a delay diversity approach and transmit the orthogonally polarized SSB with a well-defined cyclic shift, large enough to make it orthogonal. At the UE this will show up as an additional delay tap. While this is less intuitive and may consume some of the CP the only specification impact relates to UE being aware of the transmission scheme. This needs to be further studied.
In addition the proposed enhancement to the SSBs applies also for beam management in connected mode.

	Nokia/NSB
	We are not sure we understand the PBCH-based idea illustrated above. Wouldn’t the UE be able to decode PBCH already “too late” for knowing the polarization of the associated SSB beam, regardless of how SSB index is encoded? More details would be appreciated.

	Ericsson
	Although we do not see any need to discuss SSB enhancements based on current simulation results, we have a few questions for better understanding this optimization.
Regarding increasing the number of SSBs, is it to optimize some specific band, is it related to RAN4 then?
Is the purpose here to support more early beams for enhancement of channels used by UEs in RRC idle/inactive state? If yes, it may have the same purpose as the early CSI-RS that we agreed earlier. Then if the purpose is only for early beam management, why do we need to waste resources to transmit more PBCHs?
Regarding dual polarized SSBs with the same spatial filter setting, is this to reduce the number of SSBs? Isn’t it already possible to transmit SSBs with different SSB indexes in same beams?
Regarding single vs. dual polarized UE antennas, is this up to UE implementation?

	ZTE
	@Ericssson, The intention is to increase the number of SSBs for FR1, which is similar as we have done to increase the SSB candidates in NR-U in Rel-16.
Yes, it is mainly for support of more early beams for enhancement of channels used by UEs in RRC idle/inactive state. 

	FL 
	Further discussion is needed based on Proposal 20-rev1
Proposal 20-rev1: Capture the followings into the TR
SSB enhancements were studied, including increasing the number of SSB beams, dual polarized SSBs with the same spatial filter setting, and single vs. dual polarized UE antennas.
· Potential specification impacts of increasing the number of SSB beams include mechanism for indication of SSB beam index, mechanism to ensure backward compatibility with legacy UE.
· Potential specification impacts of dual polarized SSBs with the same spatial filter setting including mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communicate paired SSB indices associated with a same spatial filtering and different polarizations, to the UE.


	Intel
	We share similar view as Nokia that this may not be feasible for UE to know whether dual polarized SSBs is applied, especially when UE is in RRC_IDLE mode. This is the first step for UE to access the network. 

	Apple
	Not needed. We share similar view as CATT/Intel/Nokia.

	Sony
	Regarding dual polarized SSBs
We do see too large gain potential (25%-30% false beam selection) why we are convinced that this shall to be addressed.
The idea is to make the UE aware of the presence of polarization-paired SSBs e.g., by a single bit in in e.g. PBCH or some indirect mechanism. As soon as the UE can receive and decode a single SSB it can be made aware. The benefit would be that with this awareness the UE can make a better qualified beam selection. This can then improve both access when RRC_IDLE and beam management when RRC_CONNECTED.
Initially, when in RRC_IDLE, legacy performance may apply until the UE can assume polarization-paired SSBs.
No intention to align UE polarization, so it is not to late to decode SSB. 

	Ericsson
	According to the discussions, the “increasing number of SSBs” seems to optimize some specific band which will trigger and may depend on discussions in RAN4.
Regarding the dual polarized SSBs, if we’re updating SSB, this should be well justified.

	OPPO
	We share the similar view with Intel/Nokia. Further clarification and justification are needed for dual polarized SSBs. 

	FL
	@Sony, it seems there are still concerns on the proposed enhancements. If situation is not changed, I would suggest leave it for now since there is no way we can agree on such enhancement. Of course, if you can convince companies offline, I can propose it again in the last round of discussion. 
@ Ericsson, Agree that this may have RAN4 impact. But, similar to the following enhancements agreed in PUSCH agenda, these enhancements may also have RAN4 or RAN2 impact. If such enhancements are included in WI, relate clarification/work could be shared to other WGs for further study. 
· UE transmit waveform design to reduce MPR
· Power boosting for pi/2 BPSK
· SIP signal compression

FL would like to check whether the following proposal is acceptable for all. 

	
	



Proposal 20-rev2: Capture the followings into the TR
Increasing the number of SSB beams was studied, and potential specification impacts include mechanism for indication of SSB beam index, mechanism to ensure backward compatibility with legacy UE.

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	Sony
	@FL, We appreciate the effort from the FL and feedbacks from other companies. However, we would respectively ask to keep the second bullet point in the proposal. We are not asking for this enhancement to be agreed. We are asking for the TR to capture that this enhancement has been studied. Simulation results have been provided in R1-2008372, and further clarifications have been provided. To our understanding there is only a single company with concern after our clarifications. 
To our understanding, minor potential spec changes will be needed with the purpose of making the UE aware of the fact that paired orthogonally polarized SSBs are present. We furthermore believe that this can be implemented in a backwards compatible manner.
Could we please insert:
UE awareness of paired orthogonally polarized SSBs has been studied. Potential specification impacts of dual polarized SSBs with the same spatial filter setting include mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communication of paired SSB indices associated with the same spatial filtering and different polarizations, to the UE.



	FL
	FL understanding is that you are fine with capturing the enhancements with increasing the number of SSBs, i.e., what Proposal 20-rev2 is proposing. Your suggestion is to add another independent solution (SSB polarization) . As I replied in the summary, I can propose it in the last round discussion if concerns can be resolved.

	FL
	Made a proposal for SSB polarization.
Proposal 20-2-rev1: Capture the followings into the TR
UE awareness of paired orthogonally polarized SSBs has been studied. Potential specification impacts of dual polarized SSBs with the same spatial filter setting include mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communication of paired SSB indices associated with the same spatial filtering and different polarizations, to the UE.




Proposal 21: Capture the followings into the TR
Compact DCI and PDCCH-less for broadcast PDCCH were studied for broadcast PDCCH. 
· Potential specification impacts of compact DCI include mechanism for DCI bit field design for fallback DCI.
· Potential specification impacts of PDCCH-less include the mechanism to indicate the scheduling information for broadcast PDCCH carrying SIB messages. 

	Company
	Comments

	FL
	Compact DCI is discussed in [4, ZTE], [20, NTT DOCOMO], and PDCCH-less is discussed in [4, ZTE]. Details can refer to section 3.6.

	Vivo
	Does the main bullet of the proposal mean ‘Compact DCI for broadcast PDCCH and PDCCH-less for broadcast PDSCH scheduling were studied?’
For PDCCH less for SIB message, we would like to clarify how the scheduling information for SIB message would be indicated to UE. Since, in MTC, the scheduling information are broadcasted in MIB, and 10 reserved bits in MIB are available before MTC is introduced in LTE. However, it seems that reserved bits in MIB is quite limited in NR. The feasibility is doubtful. Besides, it looks like a new scheduling mechanism rather than enhancements on broadcast PDCCH.

	ZTE
	@vivo, In Rel-13 MTC, 5 bits of the reserved bits in MIB are used to indicate {one TBS and one repetition factor} for SIB1-BR from the 6 candidates for TBS and 3 candidates for repetition factor, i.e., totally 18 combinations. Other scheduling information can be obtained implicitly. In NR Rel-15, reserved number of bits in MIB is 3bits for FR1 and 1bit for FR2. However, considering NR CE doesn’t require 15-20dB coverage enhancement in MTC, different repetition factors may be not needed for NR SIB1.Then, one way is that the 3 reserved bits in FR1 are used for only TBS indication. In FR2, only 1 bit could be used and more scheduling information should be determined implicitly. 
PDCCH-less for broadcast PDSCH scheduling means "BLER of PDCCH = 0" which can be also regarded as one of enhancements on broadcast PDCCH. 

	FL
	It seems fine to categorize PDCCH-less as an enhancement for broadcast PDCCH since it aims to reduce the PDCCH BLER. But, the spec impacts should be changed for indicating the scheduling information for broadcast PDSCH. 



Proposal 21-rev1: Capture the followings into the TR
Compact DCI and PDCCH-less for broadcast PDCCH were studied for broadcast PDCCH. 
· Potential specification impacts of compact DCI include mechanism for DCI bit field design for fallback DCI.
· Potential specification impacts of PDCCH-less include the mechanism to indicate the scheduling information for broadcast PDSCH carrying SIB messages. 

	Company
	Comments

	FL
	Please comment only if you would like make a clarification or have concerns on. 

	
	




5.2 Observations on evaluation results for enhancements
The following observations are made based on companies’ contributions in AI 8.8.2.3 and input in email discussion ‘[103-e-NR-CovEnh-EvaluationResults]–enhancements’. It is encouraged that companies especially the contributors to check whether the observations correctly reflect their evaluation results.  

Proposal 22: Capture the following observations into the TR
Observation 1: 
Nine sources ([ZTE], [Intel], [NTT DOCOMO], [CMCC], [vivo], [Ericsson], [Nokia/NSB], [Huawei, HiSilicon], [Apple]) evaluated the the performance of enhancements on Msg3 repetition.
· Eight sources show about 2 dB gain when the number of repetitions is doubled in FR1. 
· One source shows 4.27 dB gain when the number of repetitions is increased to 8 in FR2. 
· One source shows 1.1~1.75 dB gain when performing cross-slot channel estimation among 2 repetitions. 
· One source shows 0.5~1.07 dB gain when performing cross-slot channel estimation among 4 repetitions. 
· One source shows 3.8 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and no intra-slot hopping.
· One source shows 3.2 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and intra-slot hopping.

Observation 2: 
One source ([IITH, IITM, CEWIT, Reliance Jio, Tejas Networks]) evaluated the the performance of power boosting using pi/2 BPSK waveform for Msg3 and shows 3 dB gain for UL duty cycle lower than 50% and 6 dB gain for UL duty cycle lower than 25%.

Observation 3: 
Three sources ([ZTE],[NTT DOCOMO], [Qualcomm]) evaluated the the performance of enhancements on PDCCH repetition.
· Two sources show 2 dB gain and one source shows 2.8~3.1 dB gain when the number of repetitions is increased to 2. 
· One source shows 4~5.8 dB gain and one source shows 4 dB gain when the number of repetitions is increased to 4. 
· One source shows about 3dB and 6dB gain if DMRS bundling is considered for 2 and 4 repetitions respectively.  

Observation 4: 
One source [[NTT DOCOMO]] evaluated the the performance of compact DCI and shows 1.5 dB gain if the number of DCI payload size is reduced from 40 bits to 20 bits.

Observation 5: 
One source ([ZTE]) evaluated the the performance of increasing the number of SSBs and shows 1.84 dB gain when the number of SSBs is increased from 4 to 8 at 700MHz in rural scenario. 

Observation 6-rev1: 
Two sources ([ZTE], [Nokia/NSB]) evaluated the the performance of PRACH enhancements. 
· One source ([ZTE]) shows 3.7 dB and 5.2 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 4 GHz in urban scenario. 
· One source ([ZTE]) shows 1.7 dB and 3.7 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 28 GHz in urban scenario. 
· One source ([Nokia/NSB])) shows 2 dB gain when performing 2 PRACH transmissions with different transmission beams at 2 GHz in rural scenario.
· One source ([Nokia/NSB]) shows 2 dB and 4.7 dB gain when performing 2 and 4 PRACH transmissions with different transmission beams respectively at 28 GHz in urban scenario. 

Observation 7: 
· One source ([ZTE]) evaluated the the performance of PUCCH repetition with HARQ-ACK for Msg4 and shows 3 dB and 6 dB gain when the number repetitions is increased to 2 and 4 respectively at 2 GHz in rural scenario.

Observation 8: 
· One source ([Ericsson]) evaluated the the performance of A-CSI repetition on PUSCH and shows 4 dB gain for 8 repetitions with 11 bits CSI at 10% BLER target at 4GHz. 

	Company
	Comments

	Nokia/NSB
	We added some new results related to Observation 6 in v013 of the results collection template.

	FL
	Observation 6 is updated to include Nokia’s results. 

	FL
	Delete the duplicated ‘the’ in the observations. 




6. Discussion (4th round)[Closed]
For now, at least for FR2, the following channels have been identified as potential bottleneck channels. Also with Chairman’s guidance, we need to discuss RAN1 recommendation now. 
	Agreements:
· The following channels are identified as the potential bottleneck channels for 28 GHz scenario
· PUSCH eMBB (DDDSU and DDSU)
· PUSCH VoIP (DDDSU and DDSU)
· PUCCH F3 11bits
· PUCCH F3 22bits
· PRACH B4
· PUSCH of Msg3
· PUCCH F1
· No evident coverage bottleneck is identified for Indoor scenario for FR2



6.1 Recommendation for Msg3 enhancement  
For Msg3 enhancements, the studied solutions and supporting companies are summarized in Table 7-1.
Table 7-1 Msg3 enhancements
	Msg3 enhancements  
	 Support 
	Concerns 

	Msg3 repetition 
	vivo, ZTE, CATT, Intel, China Telecom, CMCC, NEC, Samsung, OPPO, Sharp, LG Electronics, Ericsson, Apple, InterDigital, NTT DOCOMO, Qualcomm, Nokia/NSB, Potevio, WILUS
	

	Same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission
	Samsung, Nokia/NSB, Qualcomm? 
	Ericsson, Intel

	Power control enhancements
	Samsung
	

	Open-loop transmission diversity
	Ericsson, Intel
	

	pi/2 BPSK waveform using DFT-s-OFDM
	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	




Based on Table 7-1 above, FL suggests to focus on only Msg3 repetition, i.e., the following proposal. 
Proposal 23: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Msg3 PUSCH enhancements, including enhancements on Msg3 PUSCH repetition. 

	Company
	Comments

	FL
	Companies are encouraged to indicate your position in Table 7-1 and provide the comments on Proposal 23 below.

	Sharp
	We support the FL proposal. Our understanding is that Msg3 PUSCH enhancements include a PUSCH scheduled by RAR UL grant in CFRA where the optimization specific for CFRA case is not considered according to the previous agreement.
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

	LG
	We are generally fine with Proposal 23. We suggest to modify as below:
· Msg3 PUSCH enhancements, including enhancements on Msg3 PUSCH repetition for FR2

	Intel
	We are fine with FL’s proposal and LG’s update, but we do not think we need to restrict this to FR2. For the detailed solutions, we can further study in WI phase. 
· Msg3 PUSCH enhancements, including enhancements on Msg3 PUSCH repetition for FR2

	Ericsson
	One general comment for the proposals in this section:
It is too early to say “it is recommended to support the following in Rel-17” given we’re still discussing priority of different channels and deviation of the results among companies. We do not think this proposal is needed.
Comment specific to this proposal:
We’re fine with the support of Msg3 PUSCH repetition to maybe save PDCCH overhead or improve latency, though we do not see coverage gain from it compared to msg3 retransmission.

	Apple
	Support the intention. We propose text to be more specific, like:
· Msg3 PUSCH enhancements, including procedure to Msg3 repetition indication, for initial and/or retransmission. 

	Qualcomm
	We support the proposal

	vivo
	As we commented earlier, in general we don’t need to discuss it here since bottleneck identification discussion is happening separately for FR1 and FR2. 
Specific to Msg3 enhancement, we are fine with it.  

	CATT
	Support

	Samsung 
	We support the proposal

	China Telecom
	We support the proposal.

	ZTE
	We support the proposal.

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	We do not support this proposal. We do not see any benefits of Msg3 repetitions as compared to retx similar to Ericsson comments. Furthermore, there was not much discussion among companies to identify if the pi/2 BPSK proposal for Msg3 should be considered further or not. At best, we can have the rest in FFS to study further. 

	FL
	@Sharp, Your understanding is correct. 
@Apple, it is not only for indication. If we make it specific, we have to list those aspects we have studied and captured in the TR. 
@IITH, I made a separate questions on other Msg3 enhancements including pi/2 BPSK, if companies show interests on supporting it, it would be fine to recommend it. 
· Most companies support/fine with the proposal. 
· Two companies think it a bit earlier to discuss RAN1 recommendation, but they are fine with the proposal itself. 
· One company prefers to limit to FR2 for now. Considering it is also identified as potential bottleneck for FR1, and there is no much difference between FR1 and FR2 in terms of spec impact, let’s not do such exercise. 
Please check the list proposal below. 

	Nokia/NSB
	Support the proposal.




Proposal 23-1-rev1: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17, and the potential enhancement aspects include:
· The indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type A, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 

	Company
	Comments

	FL
	Companies are invited to indicate your position / comments on this proposal. 

	Intel
	We are fine with the FL’s proposal.

	Samsung 
	Support the proposal.

	Nokia/NSB
	Given that we are using the word “potential” in the first sentence, is it really necessary to exclude some solutions that have 3 favorable companies? Please see suggestion below.

	vivo
	Fine with the proposal.

	CATT
	Support

	WILUS
	We support the FL proposal.

	FL
	@Nokia, My understanding is that you are fine with this proposal itself while want to proposal additional enhancements as indicated in Q7-1. Please let me know if I miss understood your intention. 
Based on the first two rounds of discussion, it seems current proposal is fine with all companies so far, and the main companies supporting/fine with the proposals are the followings. 
Intel, Samsung, WILUS, vivo, CATT, Ericsson, China Telecom, Sharp, LG, ZTE Apple, Qualcomm, Nokia/NSB

	Huawei, HiSilicon
	Please remove the subbullet because detailed design like “the indication of” should be discussed in WI.
Additionally, 
according to the agreement made in AI 8.8.1.1, Msg.3 is not the 1st priority channel of potential bottleneck, and the backward-compatibility of channels of initial access should be carefully taken into account, which has not been well studied yet. We don’t feel any recommendation of Msg.3 enhancement for FR1 at this moment. Therefore, we suggest,
Proposal:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition for FR2 in Rel-17., and the potential enhancement aspects include:
· The indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type A, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE.

	FL
	@HW, regarding the comment on backward-compatibility, we have already studied and have been agreed the following potential spec impacts: 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 

Proposal 23-1-rev2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition [for FR2] in Rel-17. [, and the potential enhancement aspects include:
· The indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type A, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE.]

To be further discussed in Section 7. 



Considering some companies many want to recommend more enhancements for Msg3, companies are invite to provide views on the following question.

Question 7-1: Except for Msg3 repetition, do you think any additional Msg3 enhancements should be recommended to be supported in Rel-17? If the answer is yes, please indicate which enhancement you support.
	Company
	Comments

	FL
	Companies are invited to indicate your position / comments on this proposal. 

	Intel
	We do not think additional Msg3 enhancement is needed. 

	IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
	Pi/2 BPSK modulation with DFT-s-OFDM waveform (which is already supported) is a solution that provides the necessary enhancement for Msg3 without using additional time resources and also does not impact the latency of PRACH procedure. 

	Nokia/NSB
	Would it be possible to add “relationship between spatial filter setting for msg1 and msg3”? This would be a rather general formulation which does not automatically imply same setting, but at least gives the possibility to RAN1 to consider an interesting option (including any relationships, if applicable). From our perspective the use of the word “potential”, and the open formulation of the enhancement, if any, should be sufficient to reassure companies who had doubt about the “same setting” part. 

	CATT
	Initial access is very important and basic functionality for the entire system. Over-optimization should be avoided. From our view, msg3 repetition is sufficient. No additional enhancement is needed.

	FL 
	Till now, the following additional enhancement aspects for Msg3 are proposed:
· Support pi/2 BPSK modulation with DFT-s-OFDM waveform for Msg3 during initial access
· IITH, IITM, CEWIT, Reliance Jio, Tejas Networks
· Support the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission 
· Nokia/NSB
2 companies (Intel and CATT) don’t support additional enhancements for Msg3. The reason is supporting Msg3 PUSCH repetition is sufficient. 

	Huawei, HiSilicon
	Not necessary. Msg.3 is a second priority of channels according to the agreement in 8.8.1.1, which means it is not important bottleneck in FR1. Over-optimization should be avoided.



6.2 Recommendation for PRACH enhancement  

For PRACH enhancements, the studied solutions and supporting companies are summarized in Table 7-2.
Table 7-2 PRACH enhancements
	PRACH enhancements  
	 Support 
	Concerns 

	Multiple PRACH transmissions
	ZTE, Intel (short PRACH format), Samsung, OPPO, Sony, InterDigital, Qualcomm, Nokia, Potevio, Panasonic, Sharp
	Ericsson, vivo 

	PRACH enhancements with finer beam
	Samsung 
	



Based on Table 7-2 above, FL suggests to focus on only multiple PRACH transmission, i.e., the following proposal. 

Proposal 24: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· PRACH enhancements, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

	Company
	Comments

	FL
	Companies are encouraged to indicate your position in Table 7-2 and provide the comments on Proposal 24 below.

	Sharp
	We are fine to support multiple PRACH transmission.

	LG
	If my understanding is correct, multiple PRACH transmission with same beam and multiple PRACH transmission with different beams looks similar, but these are definitely different techniques in terms of at least UE transmission behavior and RACH procedure. Hence, these two techniques needs to be described separately in the table. Also, it needs to list-up support company according to these two different techniques. 
In addition, the PRACH preamble format B4 for FR2 has been identified as potential bottleneck channel, so far. It is better to add ‘for FR2’.
In this aspect, we suggest to modify the table and Proposal 24 as below:
	PRACH enhancements  
	 Support 
	Concerns 

	Multiple PRACH transmissions with same beam for FR2.
	[ZTE, Intel (short PRACH format), Samsung, OPPO, Sony, InterDigital, Qualcomm, Nokia, Potevio, Panasonic, Sharp]
	Ericsson, vivo 

	Multiple PRACH transmissions with different  beams for FR2
	
	Ericsson, vivo

	PRACH enhancements with finer beam for FR2
	Samsung
	



Proposal 24:
· PRACH enhancements, including multiple PRACH transmissions with the same beam for FR2 and/or multiple PRACH transmissions with different beams for FR2.


	Intel
	Based on the agreements in FR2, we only observed that short PRACH format is the bottleneck channel. Our understanding is that this also applies for FR1 (pending agreement). Note that in FR1, we can use long PRACH format, including PRACH format 1 and 2 to improve coverage. So we do not think we need to include long PRACH format for further enhancement. 
We suggest to modify this as 
· PRACH enhancements on short PRACH format, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.


	Ericsson
	One general comment:
It is too early to say “it is recommended to support the following in Rel-17” given we’re still discussing priority of different channels and deviation of the results among companies. We do not think this proposal is needed.
Comments specific to this proposal:
The potential PRACH B4 bottleneck is derived based on the results with large deviation among companies and so it’s not clear to us what extent it is a bottleneck. When we look at 10% miss detection rate, there’s no bottle neck even with only single transmission.
Besides, PRACH results are only based on initial transmission without any reattempt (can be with same or different beams) already supported by current spec. 
Moreover, the gains of beamforming transmissions should be studied at system level. For accurate measures of performance, it is necessary to simulate the directionality of the panels in UE. This was done in IMT-2020 studies. 
The antenna gains and antenna correction factors are quite different among companies for PRACH and it is difficult to conclude on the net benefit using the current methodology.
Multiple PRACH transmissions before the end of RAR window will increase the preamble collision probability and increase the interference compared to if each UE would be limited to one preamble, thus reducing the overall system level performance of a cell, which should be studied carefully instead of simply looking at the gains from multiple transmission compared to single transmission in link level. 
[bookmark: _Hlk525833065]Actually, this feature was proposed already in Rel-15 standardization, but it was noted that it would create additional interference, and it was not included for CBRA in Rel-15 for this reason. This was also discussed in NR-U in R16 as is summarized in R1-1906648 (not agreed either later), where it also mentioned that the motivation of this multiple PRACH transmission in R15 was mainly a latency reduction for a UE without beam correspondence but was not agreed because of added interference (uncontrolled interference) and load, and that UE beam correspondence capability is transparent in random access procedure.
For CFRA, this multiple PRACH transmission before the end of RAR window is already supported in R15 agreed in RAN1 NR AdHoc #2, as dedicated resources are used for one UE in RRC connected mode.
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

Given above and considering multiple PRACH transmissions in CBRA will also introduce large specification impact in at least both RAN1 and RAN2, we don’t think this recommendation is needed in coverage enhancement topic as it has already been concluded to not support this in earlier releases.

	Apple
	We do not support this proposal, as there is not much evaluations that justifies this enhancement for FR1 and long PRACH formats. We may be OK if the scope focus on short PRACH formats in FR2. 

	Qualcomm
	We support the proposal

	Sony
	We support the proposal

	vivo
	Similar to above comment, we don’t need to discuss recommendation here. Although PRACH B4 is short listed as potential bottleneck channel for FR2, we have following comments:
Regardless of same beam or different beam, the PRACH collision rate would increase due to PRACH repetition, which may also impact the performance to some key requirements like handover success rate. Higher PRACH collision rate will also lead to longer access delay, while in current mechanism, better PRACH coverage can also be realized by multiple PRACH attempts in a PRACH procedure at the expense of longer access delay. Both of the enhanced solution and the current mechanism can provide enhanced coverage at the expense of long access delay, the benefit of the PRACH repetition is minimized. 
Besides, for contention based PRACH procedure, the PRACH preamble is not dedicated allocated to a UE, when PRACH collision occurs, gNB would have wrong estimation on RSRP of PRACH preamble. Hence, the measurement accuracy based on PRACH preamble cannot be guaranteed, the feasibility is doubtful.
For the evaluations summarized in section 6.2, only two sources provide the evaluation results for PRACH repetition. Compared with 9 sources evaluated for MSG.3 repetition, PRACH repetition is not comprehensively evaluated. The results are not convincing for us, especially the drawbacks we raised, no contribution have simulation results to address these concerns.
Numerous formats are introduced in Rel-15 is exactly considering various deployment scenarios and coverage ranges


	CATT
	We don’t support the proposal. We share the similar views as Ericsson and vivo. Even follow the guidance from AI 8.8.1.2, the only thing we can say is PRACH format B4 in FR2. The proposal here is too aggressive with saying we need to enhance PRACH despite of format, frequency range, etc.

	Samsung 
	We support FL’s proposal
Regarding in vivo’s comments, our understanding is following:
Regardless of same beam or different beam, the PRACH collision rate would increase due to PRACH repetition, which may also impact the performance to some key requirements like handover success rate. Higher PRACH collision rate will also lead to longer access delay, while in current mechanism, better PRACH coverage can also be realized by multiple PRACH attempts in a PRACH procedure at the expense of longer access delay. Both of the enhanced solution and the current mechanism can provide enhanced coverage at the expense of long access delay, the benefit of the PRACH repetition is minimized. 
[SS]: Handover case is exactly the main motivation to introduce multiple PRACH transmission during NR rel-15, to increase the access rate and shorten the access delay. Besides, the collision and the access delay impact have been discussed long before even in NR. There will be some trade-off in it, this logic has been existing in RACH procedure like in power ramping during PRACH re-attempt. Relying on re-attempt is not a way to finish the job, as you said, the basic requirement for RACH is access; one attempt can consume at least one RAR window (10ms)+Contention resolution timer (64ms), this is just for one attempt. So multiple RACH to reduce the dependence on re-attempt. Besides, more importantly, the better/finer beam can be used by UE if more opportunity is given for the transmission, which is quite beneficial for the coverage as well as access delay reduction.  
Besides, for contention based PRACH procedure, the PRACH preamble is not dedicated allocated to a UE, when PRACH collision occurs, gNB would have wrong estimation on RSRP of PRACH preamble. Hence, the measurement accuracy based on PRACH preamble cannot be guaranteed, the feasibility is doubtful.
[SS]: this will rely on the detailed design of the multiple PRACH transmission, some design even can avoid the impact of legacy PRACH and multiple PRACH. 
For the evaluations summarized in section 6.2, only two sources provide the evaluation results for PRACH repetition. Compared with 9 sources evaluated for MSG.3 repetition, PRACH repetition is not comprehensively evaluated. The results are not convincing for us, especially the drawbacks we raised, no contribution have simulation results to address these concerns.
Numerous formats are introduced in Rel-15 is exactly considering various deployment scenarios and coverage ranges
[SS]:this is not right, the Rel-15 designed PRACH format, especially in FR2, the target coverage size is mainly calculated based on the delay budget, e.g., the CP length covered RTT, then in translated to cell coverage. The link budget was not fully evaluated. The reason to choose B4, it is because it is the most repeated format with 12 repetition, which should give the best link budget, if this format has problem, it is quite problematic for coverage, especially for FR2.


	ZTE
	Support the proposal, and we are also fine with restricting to short PRACH format. 
Regarding the collision rate, if we rely on multiple PRACH re-attempts to ensure the coverage, eventually, the same number of PRACH transmission would be needed. The collision rate would not be increased overall. 

	Samsung 
	Regarding the comments from E///, our understanding is below:
1. PRACH can have re-attempt with different beam in current spec. This is true, but there will be some restrictions coming with it, e.g., if UE changes Tx beam, it cannot ramp-up its Tx power. So with limited attempts it can try, the UE will not dare to try with narrow beam because the cost on the access delay is too high. For multiple PRACH transmissions, it provides more opportunity to the UE try different beams, not only to allow UE to try beams which might have been used in these “re-attempts”, but also with narrow beams. This is beneficial for coverage as well as access delay.
2. The simulation results. I believe this has been intensively discussed in first 2 AIs on how to use the results we have, since we already agree the ways to calculate the representative value and others, I don’t think we need stuck in here arguing the results too much. The simulation platform, assumptions, and many things are quite different from company to company; we already make compromises in the first 2 AIs one understanding the simulation results. It may be non-ideal, but it’s an agreed way for RAN1 group.
3. The discussion of multi-PRACH transmission in R15 NR. As a delegate who participate the whole discussion at that time, I may explain a few things. First, there will be reasons to make that agreement in that time, it’s different now in Rel-17 for Coverage enhancement. Second, more specifically, in NR Rel-15, the whole design for PRACH is re-considered from LTE; and multiple PRACH was raised based on the motivation to have better performance in handover case, thus the CFRA was intentionally prioritized. There were some discussion for CBRA, but since the design for CBRA is not clear at that time, it was eventually dropped. And even for the agreed CFRA multiple PRACH transmission, it was dropped due to time limits for Rel-15 SI/WI by the RAN plenary, so it is not specified in the spec. I think the RAN1 agreement is exactly to show that the gain on this approach is concluded in principle. 
4. For the collision, in addition to what ZTE’s comments, we also understand it as this impact will be dependent on the detail design of this approach. 
5. Every RACH work is related with RAN1 and RAN2, this is not the reason we should not do it. Like what happened in 2step RACH, the RAN2 promised not to bother RAN1 to design the CFRA 2step RACH, but they still need our input in the actual work.  


	Ericsson2
	Include our views on the bullets from vivo as well:
Regardless of same beam or different beam, the PRACH collision rate would increase due to PRACH repetition, which may also impact the performance to some key requirements like handover success rate. Higher PRACH collision rate will also lead to longer access delay, while in current mechanism, better PRACH coverage can also be realized by multiple PRACH attempts in a PRACH procedure at the expense of longer access delay. Both of the enhanced solution and the current mechanism can provide enhanced coverage at the expense of long access delay, the benefit of the PRACH repetition is minimized. 
[SS]: Handover case is exactly the main motivation to introduce multiple PRACH transmission during NR rel-15, to increase the access rate and shorten the access delay. Besides, the collision and the access delay impact have been discussed long before even in NR. There will be some trade-off in it, this logic has been existing in RACH procedure like in power ramping during PRACH re-attempt. Relying on re-attempt is not a way to finish the job, as you said, the basic requirement for RACH is access; one attempt can consume at least one RAR window (10ms)+Contention resolution timer (64ms), this is just for one attempt. So multiple RACH to reduce the dependence on re-attempt. Besides, more importantly, the better/finer beam can be used by UE if more opportunity is given for the transmission, which is quite beneficial for the coverage as well as access delay reduction. 
[Ericsson] As we also commented earlier, agree with Vivo that multiple PRACH transmissions before the end of RAR window will cause uncontrolled collision and interference to the system in CBRA, and this has been already discussed a lot in R15 and R16. 
We’re not doing latency reduction here, let alone the latency reduction is doubtful. Our view is similar to vivo that more reattempts plus the multiple transmissions may be required when there’re collisions at higher load from this multiple PRACH transmission for each reattempt. 
Although we do not think we should debate on the latency of the random access in coverage enhancement topic, we provide some details below related to this in the random access procedure specified by RAN2.
The “at least one RAR window (10ms)+Contention resolution timer (64ms) ), this is just for one attempt” from Samsung is wrong. 
In our understanding, PRACH reattempt due to PRACH miss detected by gNB will happen right after the RAR window expires, and the RAR window can be 1 slot long.
PRACH reattempt due to the contention resolution happens only when UE misses msg4, but msg1 must have already been correctly detected. 
The ra-ResponseWindow can be configured to just 1 slot (value sl1), with that we do not see any latency issue. Also note that these are specified in RAN2 which is why we said this proposal will also rely on RAN2 discussions.
[from 38.321 section 5.1.4]
1>	if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if a PDCCH transmission on the search space indicated by recoverySearchSpaceId addressed to the C-RNTI has not been received on the Serving Cell where the preamble was transmitted; or
1>	if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
…
2>	if the Random Access procedure is not completed:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2);
3>	else if the Random Access procedure for an SCell is performed on uplink carrier where pusch-Config is not configured:
4>	delay the subsequent Random Access transmission until the Random Access Procedure is triggered by a PDCCH order with the same ra-PreambleIndex, ra-ssb-OccasionMaskIndex, and UL/SUL indicator TS 38.212 [9].
3>	else:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.
[from 38.331 section 6.3.2]
ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
	ra-ResponseWindow
Msg2 (RAR) window length in number of slots. The network configures a value lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum and 40 ms when Msg2 is transmitted with shared spectrum channel access (see TS 38.321 [3], clause 5.1.4). UE ignores the field if included in SCellConfig. If ra-ResponseWindow-v1610 is signalled, UE shall ignore the ra-ResponseWindow (without suffix). For operation with shared spectrum channel access and when ra-ResponseWindow value is more than 10 ms, the network always includes the two LSB bits of the SFN corresponding to the PRACH occasion where the preamble is received in the DCI scheduling Msg2 (see TS 38.213 [13]).



Besides, for contention based PRACH procedure, the PRACH preamble is not dedicated allocated to a UE, when PRACH collision occurs, gNB would have wrong estimation on RSRP of PRACH preamble. Hence, the measurement accuracy based on PRACH preamble cannot be guaranteed, the feasibility is doubtful.
[SS]: this will rely on the detailed design of the multiple PRACH transmission, some design even can avoid the impact of legacy PRACH and multiple PRACH. 
[Ericsson] Agree that with more interference and collision, it’s harder to determine which PRACH transmission is better based on the measurement.
For the evaluations summarized in section 6.2, only two sources provide the evaluation results for PRACH repetition. Compared with 9 sources evaluated for MSG.3 repetition, PRACH repetition is not comprehensively evaluated. The results are not convincing for us, especially the drawbacks we raised, no contribution have simulation results to address these concerns.
[Ericsson] On top of that, as we comment earlier, the deviation of the baseline performance results among companies are quite large causing our concerns on to what extent the PRACH B4 bottleneck is with only single PRACH transmission without considering reattempt.
Numerous formats are introduced in Rel-15 is exactly considering various deployment scenarios and coverage ranges
[SS]:this is not right, the Rel-15 designed PRACH format, especially in FR2, the target coverage size is mainly calculated based on the delay budget, e.g., the CP length covered RTT, then in translated to cell coverage. The link budget was not fully evaluated. The reason to choose B4, it is because it is the most repeated format with 12 repetition, which should give the best link budget, if this format has problem, it is quite problematic for coverage, especially for FR2.
Also include our comments to the bullets from Samsung:
1. PRACH can have re-attempt with different beam in current spec. This is true, but there will be some restrictions coming with it, e.g., if UE changes Tx beam, it cannot ramp-up its Tx power. So with limited attempts it can try, the UE will not dare to try with narrow beam because the cost on the access delay is too high. For multiple PRACH transmissions, it provides more opportunity to the UE try different beams, not only to allow UE to try beams which might have been used in these “re-attempts”, but also with narrow beams. This is beneficial for coverage as well as access delay.
[Ericsson] 
Regarding “the UE will not dare to try with narrow beam because the cost on the access delay is too high” is not true, the latency can be in minimum 1 slot as we commented above. I’m not sure again whether we should debate on the latency in coverage enhancement topic. Multiple PRACH transmission will cause more collisions and interference and even more reattempts might be needed causing even longer latency to all the UEs in the system including those UEs using single PRACH transmission. 
Regarding “narrow beams”, if the SSB beam set is not extended, we do not see the any enhancement of narrow beams here. If the SSB beam set is extended with additional narrower beams e.g. CSI-RS, the additional beams can be associated to single PRACH transmissions, and this is similar to CSI-RS support in CFRA on top of the SSB beams. But introducing additional early beams is another proposal which has been down prioritized due to companies’ interest, we’re fine to discuss that but with careful design. And this should be independent from the number of PRACH transmissions and the time gap between 2 PRACH transmissions.
3. The simulation results. I believe this has been intensively discussed in first 2 AIs on how to use the results we have, since we already agree the ways to calculate the representative value and others, I don’t think we need stuck in here arguing the results too much. The simulation platform, assumptions, and many things are quite different from company to company; we already make compromises in the first 2 AIs one understanding the simulation results. It may be non-ideal, but it’s an agreed way for RAN1 group.
[Ericsson] Companies were open to take all the results into account, but we’re also required to capture the detail assumptions so that we can make decision/conclusion in a technically reasonable way. On top of checking the actual assumptions, we are also discussing the deviation of the results among companies and priority of channels in the evaluation agenda and PRACH has quite large deviation which is controversial and with lower priority as we’ve agreed.
There’s no interference/collision/best PRACH transmission mis-detection study so far, thus the concerns in earlier releases are still valid, and we do not know how the system will look like.
4. The discussion of multi-PRACH transmission in R15 NR. As a delegate who participate the whole discussion at that time, I may explain a few things. First, there will be reasons to make that agreement in that time, it’s different now in Rel-17 for Coverage enhancement. Second, more specifically, in NR Rel-15, the whole design for PRACH is re-considered from LTE; and multiple PRACH was raised based on the motivation to have better performance in handover case, thus the CFRA was intentionally prioritized. There were some discussion for CBRA, but since the design for CBRA is not clear at that time, it was eventually dropped. And even for the agreed CFRA multiple PRACH transmission, it was dropped due to time limits for Rel-15 SI/WI by the RAN plenary, so it is not specified in the spec. I think the RAN1 agreement is exactly to show that the gain on this approach is concluded in principle. 
[Ericsson] The agreement for CFRA on the condition that dedicated PRACH occasions are configured for the UE to avoid collision and making interference to UEs.
For CBRA, as we commented earlier, it has been discussed a lot in both R15 in initial access and R16 in NR-U (summarized in R1-1906648), the motivation of this multiple PRACH transmission was mainly a latency reduction for a UE without beam correspondence but was not agreed because of added interference (uncontrolled interference) and load, and that UE beam correspondence capability is transparent in random access procedure.
5. For the collision, in addition to what ZTE’s comments, we also understand it as this impact will be dependent on the detail design of this approach.
[Ericsson] Pros and cons for possible designs have been discussed a lot in both R15 and R16. We do not see the need to repeat them again.
6. Every RACH work is related with RAN1 and RAN2, this is not the reason we should not do it. Like what happened in 2step RACH, the RAN2 promised not to bother RAN1 to design the CFRA 2step RACH, but they still need our input in the actual work. 
[Ericsson] This is to let companies to be aware that this multiple PRACH transmission before end of RAR window will introduce large specification impact for both RAN1 and RAN2 and relies on RAN2 additional discussions (maybe similar to the repeated discussions in NR-U).
As a summary, multiple PRACH transmissions have already been raised since R15 and this is a proposal rejected in earlier releases for the concerns of high collision probability and increased interference that are still valid, we do not think we need to repeat the debate here again. And this recommendation proposal is not needed in our view.

	FL
	Based on response till now, FL suggests to update the proposal as follows. 
Proposal 24-rev-1: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format at least for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

[FL note:
· Reasons to support PRACH enhancements 
· PRACH B4 is identified as potential bottleneck channel in FR2, and also the candidate bottleneck channel by using absolute target in 4 GHz rural scenario.
· Regarding PRACH re-attempts in Rel-15/16, 
· It will cause a very long latency for initial access. One attempt can consume at least one RAR window (10ms)+Contention resolution timer (64ms).
· PRACH re-attempts also impose some restrictions e.g., if UE changes Tx beam, it cannot ramp-up its Tx power.
· If we rely on multiple PRACH re-attempts to ensure the coverage, eventually, the same number of PRACH transmissions would be needed. The collision rate would not be increased overall. 
· The collision impact will depend on detailed design for multiple PRACH transmission.
· Enhancement to PRACH would allow UE to enjoy larger antenna array gain for both PRACH and Msg3 when Tx sweeping is used for multiple PRACH transmissions. 

· Reasons on not supporting PRACH enhancements 
· A reduced requirement of missed detection requirement, e.g.,10%, could improve PRACH coverage.
· FL note: For FR2 where PRACH has been identified as potential bottleneck channel, only 1% missed detection probability is agreed for baseline performance of PRACH, and it also aligns with RAN4 performance requirement. 
· In Rel-15/16, UE can sweep the transmission beam by using multiple PRACH re-attempts. 
· PRACH collision rate would increase and measurement accuracy cannot be guaranteed.
· Questioning on the performance gain achieved by multiple PRACH transmission. 
]

	Nokia/NSB
	Agree with Samsung’s comments in general (both times), but for the one on latency (more details below). There is no need to repeat them hence we’ll simply add further observations. @FL: while we are sympathetic with the attempt of finding common ground we believe that some bullets may not capture true facts
· In Rel-15/16, UE can sweep the transmission beam by using multiple PRACH re-attempts. 
This is true but not necessarily beneficial, so not really a reason not to support PRACH enhancement (please see below)
· PRACH collision rate would increase and measurement accuracy cannot be guaranteed.
This may or may not be true depending on the design. We suggest using similar phrasing we use elsewhere for other topics such as: “PRACH collision rate may or may not increase depending on the multiple PRACH transmission design. Measurement accuracy would also depend on the design and may or may not decrease as compared to legacy PRACH”. We have no conclusive evidence of any other fact but this, in our view.
Some additional comments (some of them general, some of them in response to Ercisson):
· We should really stop talking about power ramping in this discussion, when it is clear that power ramping cannot be an option in this study, given that LB is calculated already for max TRP. Regardless of how many retransmissions a UE may try, regardless of how many beams the UE may try, if max TRP is assumed, that’s the max power UE will use all the time. Therefore, if MPL of PRACH is insufficient the first time, there is not guarantee whatsoever that retransmitting with the same power would help in any way.
[Ericsson] We’re not simply talking about power ramping, we’re talking about the PRACH reattempt which can be with power ramping if beam is not changed, can also have no power ramping if it’s not changed. Current spec. is already flexible enough to make sure which initial power or which power ramping step or which beam the UE can use for each PRACH reattempt. So to enhance PRACH, other than introducing more narrower beams that is not interesting by most of the companies, we do not see what current PRACH transmission scheme can not do with respect to the coverage. 
· Let us assume that retransmissions could be helpful if a different beam was used. We guess we can agree that this would be the case if (i) the channel does not change much between the two retransmissions, and (2) gNB does not change receive spatial filters in the meantime. Now, nothing can be argued about point (2), because it is implementation detail. However, we can argue quite a lot on point (1), as follows. It was argued by a couple of companies for the previous proposal on msg3 that setting the same spatial filter for msg1 and msg3 transmission at the UE may be not be as beneficial as claimed by proponents, because uplink channel variations may occur faster than 11.5 ms (RAR window duration + time to get first PUSCH symbol for msg3 when SCS=10KHz). We would like to understand how it can be claimed that retransmissions with different beams can be helpful in any way, given that the time between the first transmission and any other subsequent retransmission is, at the very best, comparable to the time between initial msg1 transmission and msg3 transmission. This actually depends a lot on the considered PRACH configuration which, in the worst case, i.e., (SFN mod 16 = 1), would not allow a msg1 retransmission to occur before 160 ms. As a consequence, either the argument of the fast channel variation is not true, and so would be the argument used to criticize the proposal on the same spatial filtering between msg1 and msg3, or the argument is true and we cannot claim that retransmissions with different beams would be helpful for sure. 
[Ericsson] We do not get the point here on comparing the beam selection for multiple transmissions and multiple reattempts. 
Reattempt is different from multiple PRACH transmissions or multiple repetitions in one PRACH transmission. In reattempt, the UL beam is based on UE DL measurement to determine a best (or good enough) beam for PRACH transmission and PRACH resource selection. 
Regarding your “retransmissions with different beams can be helpful in any way”, of course it is helpful no matter whether the beam is changing or not changing, since the gain is not only from spatial domain but also other domains. 
Actual beamforming gain is not simply the one theoretically calculated. It requires careful system level study as we’ve done for IMT-2020. Again, we do not see any system level evaluations that can prove the beamforming gain from multiple transmission compared to PRACH transmissions with reattempts, with a proper system model to simulate reasonable collision probability and interference for these 2 schemes.
· Linked to the previous point, multiple msg1 retransmissions with different beams would have the advantage of occurring much faster, hence they would be able to rely on much more stable channel. In this sense, using different beams may indeed lead to different gains, which is the reason why evaluation results show gains.
[Ericsson] same comments as above.
· We are not discussing design details yet, for any scheme. We are simply discussing multiple msg1 repetitions. How can RAN1 make any claim about collision probability in this case? Such parameter will obviously depend on the design details, as much as collision probability depend on design detail and configuration for Rel-15 CBRA. Let us be pragmatic please, no conclusive comment can be made about this. 
[Ericsson] The reason is not only that this solution is not clear, but also that it will cause large spec impacts. And there’re no evaluations to address the concerns we’re discussed in 2 releases, and the intention is not clear, whether it is a latency reduction or related to coverage which is not clear. Please find our detail concerns summarized now accurately in the box.
· From our understanding, we have to be very careful when we refer to narrow beams in this discussion. If we are talking about multiple msg1 transmissions, the narrow beams can be used at least at the UE, which is the reason of the reported performance gain. In this context, it is worth mentioning that if we consider actual devices on the market, including chassis, glass of the screen etc, we know that beam pattern can have several ripples and sometimes negative gains. For this reason, any sensible UE implementation at FR2 would not risk using random narrow beams, risking losing entirely its antenna array gain, but would rather resort to wider beam instead to at least guarantee that the single AE gain can be enjoyed. Hence, we seriously doubt that UE would attempt so frequently to use narrow beams in transmissions, with no guarantee about the outcome. Which is the reason why BLF is triggered by gNB only when RRC connection is established and P1, P2 and P3 beams are found during conformance test.
[Ericsson]Yes, narrow beams should be carefully studied for RRC idle/inactive state UEs with respect to both spec. impact and performance gains/loss from repetitions due to more power or due to more interference/collision, especially when we want to do something on collision based channels.
· At least agreements in AI 8.8.1.2 already lead to consider PRACH as 1st priority potential bottleneck channel. Hence it is not true that discussion is still ongoing over there, as it has been claimed. 
[Ericsson] According to the concerns we summarized, technically, at least we do not see this PRACH repetition is a coverage enhancement, no matter how the priority is defined for PRACH.
· As shown in FL summary of AI 8.8.1.2, standard deviation of PRACH is in general not larger than what can be observed for other channels, for instance it is lower than PUSCH eMBB and PUSCH for msg3 (half of if actually) for Urban O2O and a bit larger than PUSCH for msg3 for Urban O2I. 
[Ericsson] The large deviation for PRACH we saw is probably mainly on the antenna correction factor as we commented earlier.
· Concerning the comment on the 10% missed detection. This comment applies to baseline agreements for FR1 but not for FR2. Indeed, during #102-e, companies discussed about this aspect for FR2 and agreed that in this case it is more appropriate to consider only 1% miss-detection during RAN1 #102-e
[Ericsson] As we commented earlier, we do not see this 1% is necessary for initial transmission, it might be fine e.g. with 2 PRACH reattempts.
Agreements:
· Consider only one panel at the UE in link budget in FR2.
· For link level simulations, only 1% BLER should be considered for baseline performance evaluation of PDDCH in FR2. 
· Baseline performance evaluation of msg1 transmission is studied for 1% missed detection probability in FR2.
· Simulation assumptions for SLS in FR2 are up to companies’ reports, i.e., no more clarification is needed, as per agreement during RAN1#101-e. 
We really do not understand why non-agreed baseline assumptions should be used to asses if an enhancement is needed or not, especially if RAN1 does not have a consensus on this. This does not seem reasonable nor good practice.
[Ericsson] In our view, baseline simulation is mainly to get potential bottleneck, potential means we may of course miss something in the study. With this, at least the PUSCH channel can be obviously to be a bottleneck to be enhanced.
But when we try to recommend some solution to be specified, we need to know what can already been supported, what is the actual gain compared what we have, and what is the complexity the solution may introduce.

	Ericsson
	Thanks Marco for the feedback, please find our response inline in your comments.
Our comments and concerns in last round are not addressed based on the discussions so far. Again, we do not think we should repeat the debate on a feature that has already been rejected twice in earlier releases.
As discussed in earlier releases, this multiple PRACH transmission before the end of RAR window may cause uncontrolled higher collision probability and interference to the system while the motivation of this feature is latency reduction. Furthermore, with this solution, whether latency can be reduced is also questionable considering the additional interference may make the PRACH performance worse requiring more reattempts and larger latency. And we do not see it will enhancement coverage especially that there’s no system level careful study on it compared to PRACH reattempt that is already supported in current spec.
Furthermore, based on the discussions, it seems the FL notes missed or misunderstood some of our concerns because we sent it right before the GTW. We try to make following updates to make our real concerns clear and also propose to delete some bullets according to our clarifications sent earlier:
· Reasons to support PRACH enhancements 
· PRACH B4 is identified as potential bottleneck channel in FR2, and also the candidate bottleneck channel by using absolute target in 4 GHz rural scenario with lower priority given the deviation among companies.
· Regarding PRACH re-attempts in Rel-15/16, 
· It will cause a very long latency for initial access. One attempt can consume at least one RAR window (10ms)+Contention resolution timer (64ms).
[Ericsson] This is wrong as we explained, RAR window can be configured with just 1slot, contention resolution will not start if PRACH fails, we suggest delete it.
· PRACH re-attempts also impose some restrictions e.g., if UE changes Tx beam, it cannot ramp-up its Tx power.
[Ericsson] We cannot get the point that this is a reason to support multiple PRACH transmissions.
It seems proponent companies want to restrict multiple transmissions to always use a fixed power or different powers, which to us is a defect compared to current PRACH reattempt scheme instead. So we do not see this bullet is reasonable.
In current PRACH reattempt scheme, even if a UE does not ramp the power, network can also configure e.g. a maximum power, and with reattempt, it can further benefit from different time/frequency/sequence diversity from different attempts since a new RO and possibly a new preamble will be selected by UE in a new attempt. Power ramping configuration is already flexible enough in current spec, initial power and power ramping step are all configurable, and power ramping step can be 0dB as well. 
· If we rely on multiple PRACH re-attempts to ensure the coverage, eventually, the same number of PRACH transmissions would be needed. The collision rate would not be increased overall. 
[Ericsson]The reattempt is done on the condition of fail detection of RAR corresponding to previous attempt, while the multiple transmissions are all before the end of the RAR window. The collision and interference will of course be much higher than reattempts. I’m not sure whether we need to repeat the debate on this concern since this was already been discussed and observed a lot in NR R15 and R16.  
· The collision impact will depend on detailed design for multiple PRACH transmission.
[Ericsson] Pros and cons for possible designs have been discussed a lot in both R15 and R16. There’s no study shown this higher collision and larger interference issue is not addressed. So, remove this bullet unless proponent can show system level results to address the concern in the study item.
· Enhancement to PRACH would allow UE to enjoy larger antenna array gain for both PRACH and Msg3 when Tx sweeping is used for multiple PRACH transmissions. 
[Ericsson] In NR R15/16, the UE has full flexibility to determine a best beam for uplink based on the reciprocity between downlink and uplink. 
If one wants to introduce specific uplink signal for gNB to test a best beam, the uplink signals must be UE specific and not collision based , otherwise the higher collision and larger interference among these uplink signals from multiple UEs in CBRA will make it hard or impossible to determine which best RS is expected by which UE.
So with higher collision and larger interference from multiple PRACH transmissions, the transmission selected by gNB may be wrong, making the UEs doing multiple PRACH transmissions may determine a worse beam instead. 
Furthermore, it will also make the legacy UEs doing normal single random access fail to be detected by gNB in initial PRACH transmission, thereby causing more reattempts with more power consumption, resource overhead. This to us is a disaster to current system.
So, in our view, the system performance (including the array gain of both new UEs and legacy UEs) will be worse with this uplink beam management via this multiple collision-based signal transmissions.

· Reasons on not supporting PRACH enhancements 
· This is a feature that has been discussed a lot in NR R15 and R16, main intention was to optimization the RA latency, and rejected due to concerns on introducing uncontrolled higher collision probability and increasing interference.
· There’s no interference/collision/best PRACH transmission mis-detection study for this multiple PRACH transmission, thus the concerns in earlier releases are still valid, and we do not know how the system will look like.
· There’s no system level evaluation result on the table to show the beam selection gain with multiple transmissions compared to beam reattempt considering both possible collision probability and interferences within a cell and between cells. It’s not clear the optimization is related to coverage enhancement. The intention may be for latency reduction, but higher interference/collision may make the latency even larger.
· Multiple PRACH transmissions before the end of RAR window will also introduce large specification impact in at least both RAN1 and RAN2, and this will rely on RAN2 discussions as well. 
· It’s not clear to what extent PRACH is a bottleneck with the following reasons
· PRACH results are only based on initial transmission without any reattempt (can be with same or different beams) already supported by current spec.
· The gains of beamforming transmissions should be studied at system level which was done in IMT-2020 studies. The antenna gains and antenna correction factors are quite different among companies for PRACH and it is difficult to conclude on the net benefit using the current methodology
· look at 10% miss detection rate, there’s no bottle neck even with only single transmission
· A reduced requirement of missed detection requirement, e.g.,10%, could improve PRACH coverage.
· FL note: For FR2 where PRACH has been identified as potential bottleneck channel, only 1% missed detection probability is agreed for baseline performance of PRACH, and it also aligns with RAN4 performance requirement.
· [Ericsson] we do not see why we should restrict to 10% because of RAN4 requirement as this is just initial PRACH transmission without any reattempt. 
· In Rel-15/16, UE can already allow flexible beam selection for uplink transmissions in random access and different PRACH reattempts provides gains in time/frequency/spatial/power domain sweep the transmission beam by using multiple PRACH re-attempts. 
[Ericsson]we’re not only talking about beam sweeping for what we’ve supported in R15/16. I guess people focused on this mainly because proponent companies argue that beam sweeping is the main benefit of multiple PRACH transmissions, but this may be not true due to larger/higher interference/collision and reattempt is already any UL beam to be used by UE, smart UEs can use the best beam based on measurement in a period of time. So I try to make it clear here.
· PRACH collision rate would increase and measurement accuracy cannot be guaranteed to select among multiple PRACH transmissions before the end of RAR window.
· Questioning on the performance gain achieved by multiple PRACH transmission. 
[Ericsson] This is now addressed in previous bullets from our side, so delete this bullet.




Proposal 24-rev-1: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format at least for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

	Company
	Comments

	FL
	Companies are invited to indicate your position / comments on this proposal. 
Note, the reasons to support or not support PRACH enhancements have been summarized above, FL understanding is there is no need to repeat such arguments. If you have any concerns on current proposal, please make a constructive suggestion!

	Intel
	We are fine with the FL’s proposal

	Nokia/NSB
	Support the proposal.

	Samsung 
	Fine with the proposal.

	vivo
	We do not support the proposal.
For the reasons to support PRACH repetitions regarding access delay, as summarized by FL, we further provide our understandings as follows.
For the time delay in current mechanism, the RAR window is configured and the duration can be 1 slot. UE can transmit another PRACH in the next available UL slot. And if UE did not receive RAR due to PRACH mis-detection at gNB, the contention resolution timer cannot even be started. Hence it should not be counted in the delay for legacy mechanism. 
Considering the frame structure and PRACH formats B4 agreed for baseline evaluation for FR2, DDDSU, we illustrate the timeline of PRACH procedure w/o repetition and w/ repetition here.


As shown in above figures, in current mechanism UE can have chance to receive RAR after the first UL slot/RO and if UE detect MSG.2 in RAR window, UE does not need another PRACH attempt. While with PRACH repetition introduced, UE need to start RAR window after all PRACH repetitions finished. Obviously, PRACH w/ repetition will cost more time in the first two steps in a RACH procedure compared with current mechanism. Considering the target mis-detection rate for PRACH repetition is 1%, and then the misdetection rate is 10% for each attempt, which means UE have 90% chance to receive RAR in the first attempt. The overall access delay is obviously shorter in current mechanism.
Considering the higher collision rate and additional delay due to the collision, we do not see obvious benefit brought by PRACH repetition.

	CATT
	We can accept the proposal for a compromise with the following modifications:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH B4 format at least for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.
The reason is shown below:
Only PRACH B4 in FR2 in some scenarios was identified as the bottleneck channel. We are OK with this part. However, it doesn’t make any sense to further enhance the other short PRACH formats which have certainly worse performance. Do we really need to guarantee each PRACH format has the same coverage? If this is the target, does this means different PRACH format should have different techniques to achieve the same target coverage?  The same logic has already employed in Rel-15 RACH design, where different PRACH formats were designed for different coverage. One example is that PRACH format 1 was designed for long distance but no body think the other formats should achieve the same coverage.
I don’t think ‘at least’ is needed. I wouldn’t repeat all the arguments raised in previous discussion but I would like to point out only PRACH format B4 in FR2 was identified as potential bottleneck channel. 

	Nokia/NSB
	We acknowledge that differences exist between how companies understand the implication of the PRACH vs. PRACH B4 formulation. From our perspective, it would be very uncommon to consider an enhancement just for one format, if all other short formats can also benefit from it (why wouldn’t they?). 
Concerning the discussion on the latency, we are not sure anything can be said conclusively. It really depends on the PRACH configuration index and we have so many of them. Picking a configuration in favor of one approach or the other would be a rather sterile exercise in our view. For instance, what if (SFN mod 16 = 1)? The retransmissions would take a lot of time whereas multiple transmissions would be much faster. We could spend hours listing all possible combinations and count, but would this make sense? Especially because latency has never been a KPI of this SI and the time dimension has been brought into the discussion as a side benefit with may occur, not certainly the most important one (which is the MPL increase of msg1 as argued by the majority of the companies and shown by at least 2 companies via simulations)

	Samsung 
	Regarding the comments from CATT, as we also commented during the evaluation agenda items, the B4 is selected for simulation duo to its largest repetition times, if B4 has problem, very most likely for others. Besides, when we design a solution and eventually captured to the spec, it does not mean every PRACH format has to reach the same target, just a specified technique should not limit its usage. E.g., if PRACH is enhanced to have larger coverage, would not the operator be willing to use it for other format, it will be up to real operation. So we did not see the need to limit the design only for B4. We are ok to limit it to FR2 or short format.
Regarding the comments from VIVO, in addition to what Nokia mentioned which I agree, I would like to comment the specific example even. Of course we can find one particular configuration looks like no problem for RACH, but the example given is not proper, in NR Rel-15 design, we have agreed the gNB processing time on the PRACH detection will be partially covered by the RAR window, in LTE we have N+6 ms for that, though it is reduced but not drastically. So only 3 slots from the end of PRACH, is not suitable. I understand, by configuration the RAR window could be short as possible, but that’s the flexibility given to gNB to handle different situation. 

	
	@CATT, FL understanding is that, assuming we agree on N PRACH repetitions, then all short PRACH formats could enjoy similar amount of performance improvement and still targeting for different coverage levels. To address your concerns, FL suggests to delete ‘at least’ as commented by CATT. I assume it would be also ok for other companies since the main focus from the beginning is FR2.
Below is a summary of the discussion:
Regarding bottleneck identification:
· PRACH B4 is identified as potential bottleneck channel in FR2, and also the second priority bottleneck channel in FR1.
· Companies have discussed bottleneck identification extensively in AI 8.8.1, and current agreements reflect the best compromised results we can do as a group. Companies should not keeping questioning the simulation assumptions and make statement based on their own one company’s assumption. 

Regarding multiple PRACH transmission vs Rel-15/16 PRACH re-attempts
· In case channel variation is low, if one PRACH attempt fails, the subsequent PRACH re-attempt may also fail. While, gNB can do joint decoding of multiple PRACH repetitions to improve the performance gain. 2 companies show 1.7~3.7 dB gain when doubling the number of repetitions. While one company questioning the validity since there are only two samples. 
· In case channel variation is faster, multiple PRACH attempts (in case with relatively long latency) using different transmission beams would not provide additional beam gain. While, multiple PRACH transmissions with lower latency can enjoy more stable channel condition and thus provide beam gain when using different beams for multiple transmissions. 
· PRACH re-attempts may cause longer latency for initial access in most cases depending the configuration, e.g. TDD configuration, RAR window size, backoff time. In case of having long latency, it may impact the coverage (e.g., if the latency is too long, UE may have to choose wide beam to ensure the basic performance, while will loss beam gain with narrower beam).

Regarding PRACH collision rate/Measurement accuracy
· PRACH collision rate/measurement accuracy may or may not increase depending on the multiple PRACH transmission design. This is actually one potential enhancement aspect as captured in the TR:‘possible collision handling between PRACH transmission with and without multiple PRACH transmissions’


Proposal 24-rev-2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

Based on the first two rounds of discussion, it seems the situation for current proposal is follows. Please let me know if I wrongly interpret your position. 
Support: Sharp, Intel, Samsung, Apple, Qualcomm, Sony, ZTE, Nokia/NSB, LG?, CATT?
Concerns: Ericsson, vivo. 

	Ericsson
	We do not support the proposal.
Our comments and concerns in last round are not addressed based on the discussions so far. Again, we do not think we should repeat the debate on a feature that has already been rejected twice in earlier releases.
As discussed in earlier releases, this multiple PRACH transmission before the end of RAR window may cause uncontrolled higher collision probability and interference to the system while the motivation of this feature is latency reduction. Furthermore, with this solution, whether latency can be reduced is also questionable considering the additional interference may make the PRACH performance worse requiring more reattempts and larger latency. And we do not see it will enhancement coverage especially that there’s no system level careful study on it compared to PRACH reattempt that is already supported in current spec.
Detail concerns summarized from our side:
· This is a feature that has been discussed a lot in NR R15 and R16, main intention was to optimization the RA latency, and rejected due to concerns on introducing uncontrolled higher collision probability and increasing interference.
· There’s no interference/collision/best PRACH transmission mis-detection study for this multiple PRACH transmission, thus the concerns in earlier releases are still valid, and we do not know how the system will look like.
· There’s no system level evaluation result on the table to show the beam selection gain with multiple transmissions compared to beam reattempt considering both possible collision probability and interferences within a cell and between cells. It’s not clear the optimization is related to coverage enhancement. The intention may be for latency reduction, but higher interference/collision may make the latency even larger.
· Multiple PRACH transmissions before the end of RAR window will also introduce large specification impact in at least both RAN1 and RAN2, and this will rely on RAN2 discussions as well. 
· It’s not clear to what extent PRACH is a bottleneck with the following reasons
· PRACH results are only based on initial transmission without any reattempt (can be with same or different beams) already supported by current spec.
· The gains of beamforming transmissions should be studied at system level which was done in IMT-2020 studies. The antenna gains and antenna correction factors are quite different among companies for PRACH and it is difficult to conclude on the net benefit using the current methodology
· look at 10% miss detection rate, there’s no bottle neck even with only single transmission
· In Rel-15/16, UE can already allow not only flexible beam selection for uplink transmissions in random access but also different time/frequency/power domain resources, and different PRACH reattempts provides gains in time/frequency/spatial/power domain. 
· PRACH collision rate would increase and measurement accuracy cannot be guaranteed to select among multiple PRACH transmissions before the end of RAR window.

	Huawei, HiSilicon
	Share similar view as Ericsson, it is premature to have such recommendation.

	FL
	Considering the concerns, Alt2 should be a good compromise for all. 
Alt1: Proposal 24-rev-2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

Alt2: Potential conclusion: RAN plenary to decide whether to support multiple PRACH transmissions for PRACH enhancement in Rel-17. 

The discussion on the necessity of PRACH enhancement is summarized as follows. 
Regarding bottleneck identification:
· PRACH B4 is identified as potential bottleneck channel in FR2, and also the second priority bottleneck channel in FR1.
· Companies have discussed bottleneck identification extensively in AI 8.8.1, and current agreements reflect the best compromised results we can do as a group. Companies should not keeping questioning the simulation assumptions and make statement based on their own one company’s assumption. 

Regarding multiple PRACH transmission vs Rel-15/16 PRACH re-attempts
· In case channel variation is low, if one PRACH attempt fails, the subsequent PRACH re-attempt may also fail. While, gNB can do joint decoding of multiple PRACH repetitions to improve the performance gain.
· In case channel variation is faster, multiple PRACH attempts (in case with relatively long latency) using different transmission beams would not provide additional beam gain. While, multiple PRACH transmissions with lower latency can enjoy more stable channel condition and thus provide beam gain when using different beams for multiple transmissions. 
· PRACH re-attempts may cause longer latency for initial access in most cases depending the configuration, e.g. TDD configuration, RAR window size, backoff time. In case of having long latency, it may impact the coverage (e.g., if the latency is too long, UE may have to choose wide beam to ensure the basic performance, while will loss beam gain with narrower beam).
·  Two companies provide simulation results on multiple PRACH transmissions, and the agreed observation includes: 
· Two sources ([ZTE], [Nokia/NSB]) evaluated the performance of PRACH enhancements. 
· One source ([ZTE]) shows 3.7 dB and 5.2 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 4 GHz in urban scenario. 
· One source ([ZTE]) shows 1.7 dB and 3.7 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 28 GHz in urban scenario. 
· One source ([Nokia/NSB])) shows 2 dB gain when performing 2 PRACH transmissions with different transmission beams at 2 GHz in rural scenario.
· One source ([Nokia/NSB]) shows 2 dB and 4.7 dB gain when performing 2 and 4 PRACH transmissions with different transmission beams respectively at 28 GHz in urban scenario. 

Regarding PRACH collision rate/Measurement accuracy
· PRACH collision rate/measurement accuracy may or may not increase depending on the multiple PRACH transmission design. This is actually one potential enhancement aspect as captured in the TR:‘possible collision handling between PRACH transmission with and without multiple PRACH transmissions’

Regarding spec impact
The potential spec impact to be captured in TR has been agreed. One company claims multiple PRACH transmission would involve at least both RAN1 and RAN2 work. 

To be further discussed in Section 7. 

	
	




6.3 Enhancements for other channels  
Even the channel bottleneck identification of FR1 haven’t been finished yet, it seems DL channels would not be the bottleneck channels based on the statistics made in AI 8.8.1.1. So, for the following enhancements, though have relatively many interests, FL suggests to not make any RAN1 recommendation on these enhancements.
· Beam reporting in Msg3 PUSCH, including the best SSB, alternative SSB beam or early CSI report in Msg3 PUSCH. 
· Support: Samsung, AT&T, LG Electronics, Ericsson, InterDigital, Qualcomm, ZTE, Nokia/NSB? 
· Not support: vivo 
· Broadcast PDCCH enhancements, including PDCCH repetition. 
· Support: OPPO, InterDigital, NTT DOCOMO, ZTE, Qualcomm
· Not support: CATT
	Company
	Comments

	FL
	If companies have different views on above FL suggestion, please provide your comments below. 

	Sharp
	We support the FL proposal.

	LG
	We are fine with FL suggestion.

	Intel
	We support the FL proposal.

	Ericsson
	One general comment:
It is not necessary to say “to not make any RAN1 recommendation on these enhancements” since we’re still discussing FR1 results, priority and deviation of the results among companies in other threads. 
Comment specific to these 2 bullets:
We agree that downlink channels are not likely to be bottlenecks. Our intention is to support good coverage while maintaining spectrum efficiency. So we’re fine to support early CSI report in msg3, though we do not want to have it too complex, simply reporting best SSB or RSRP of the best SSB could be enough for beam management or link adaptation of the following downlink channels before beam management and link adaptation in RRC connected mode are available.
Regarding PDCCH repetition, it was already discussed in R16 URLLC, but it was not agreed as evaluation results show good PDCCH performance (BLER vs SNR) without repetition and there are multiple alternatives to repeat PDCCH as summarized in proposal 2.2-1 of R1-1901459. Our understanding is that it was difficult to find a solution that works well and there was no convergence on a solution for PDCCH repetition.
And considering we can already have many techniques like interleaved CCE to REG mapping, precoder cycling, larger AL supported for PDCCH. While compared to these techniques, PDCCH repetition requires more resources and addition large specification impacts. We do not think the bullet for PDCCH repetition is needed.

	Apple
	Support. Just note that beam reporting in Msg3 may be associated with PRACH enhancement, which can support only for short format PRACH in FR2. 

	Qualcomm
	Similar to the general comment from Ericsson, we think that it is not necessary to say “to not make any RAN1 recommendation on these enhancements”.

	Sony
	We agree with Ericsson and Qualcomm and find the wording a bit ultimate. We are fine with supporting beam reporting in msg3. 

	vivo
	Similar to comment above, we don’t need to discuss it here as discussion on bottleneck identification is happening for FR1 and FR2 separately.
Specific comment:
For beam reporting in MSG3, it is beneficial for MSG.4 PDCCH/PDSCH, while these two channels are not identified as bottleneck channels based on evaluation for FR1 and FR2, hence coverage enhancements are not needed.

	CATT
	Support FL’s proposal.

	FL
	No explicit proposal will be made for now.



Update on 11/13: 
Based on the latest output in FR1, broadcast PDCCH is identified as potential bottleneck with secondary priority. So, 
Question 7-2: Do you think enhancement for broadcast PDCCH, which is identified as potential bottleneck with secondary priority in FR1, should be recommended to be supported in Rel-17? 
	Company
	Comments

	Intel
	As it is 2nd priority, we do not think we need to support enhancement on broadcast PDCCH under CE WI. 

	Samsung 
	Although it is the 2nd priority channel, we think the first one “Beam reporting in Msg3 PUSCH, including the best SSB, alternative SSB beam or early CSI report in Msg3 PUSCH” is useful for broadcast PDCCH, because it is only impact on PDCCH, but also the performance of msg3 retransmission. Thus we think it’s maybe ok to support it.    

	vivo
	We don’t think broadcast PDCCH need to be enhanced. Since coverage issue is only identified in a single scenario with 24dBm/MHz PSD, and the MPL is still ~10 dB higher than the worst channel. Hence, it is not necessary to enhance broadcast PDCCH in Rel-17.

	CATT
	No

	FL
	No explicit proposal will be made for now.

	Qualcomm
	Yes. We think enhancement of broadcast PDCCH should be recommended. We also support “Beam reporting in Msg3 PUSCH, including the best SSB, alternative SSB beam or early CSI report in Msg3 PUSCH”. The aim should be coverage enhancement recommendations for all scenarios, and it is already observed that broadcast PDCCH is a potential bottleneck in FR1. It should be noted that different assumptions on Tx power (similar to many current deployments) could easily change link budget observations for FR2 (and make broadcast PDCCH also a bottleneck for FR2). 

	FL
	· Support beam reporting in Msg3
· Samsung, Qualcomm, Sony
· Support broadcast PDCCH enhancement
· Qualcomm
7 companies (Sharp LG, Intel, Apple, CATT, vivo, Intel) have concerns on beam reporting in Msg3/PDCCH enhancement. 



7. Discussion (5th round)[post meeting email discussion]
7.1 Proposal 23
	Proposal 23-1-rev2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition [for FR2] in Rel-17. [, and the potential enhancement aspects include:
· The indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type A, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE.]



For Proposal 23-1-rev2, the following late comments were made in the last round of discussion.
·  Removing the sub-bullet. This is the original proposal from FL, while several companies commented it may not be clear enough on which enhancement aspects are included. FL understanding is that, current sub-bullet already includes what we have been studied for Msg3 repetition, and removing the sub-bullet would also not preclude any studied aspects. So, it would not make any difference w/ or w/o the sub-bullet. 
·  Limiting to FR2 only. FL understanding is as follows. 
· Overall, Msg3 is labeled as the second priority bottleneck channel in FR1, where only PUSCH with eMBB/VoIP has the first priority. However, if we look into some specific scenarios in FR1, e.g., 700 MHz rural scenario, MIL of Msg3 is only 2.96 dB better than the worst channel (PUCCH F3 with 22 bits), and only 0.57 dB better than PUSCH with VoIP. However, the standard deviation of MIL of Msg3 (1.56 dB) is smaller than that of PUCCH F3 with 22 bits (1.92 dB) and PUSCH with VoIP (1.91 dB). 
· It means Msg3 would become the bottleneck in Rel-17 if more than 2.96 dB is enhanced for the worst channel. 
· For a cell-edge UE with only VoIP service, it may typically only use PUCCH with UCI payload no larger than 11bits. In such typical case, Msg3 would most possibly become the bottleneck considering very marginal gap between Msg3 and PUSCH with VoIP and the impact of standard deviation. 
· Msg3 is the worst channel in initial access in some scenarios. A UE would not be able to access the network at the very beginning even if the UE may not always require very high eMBB data rate or very high voice quality. 
· From specification point of view, it seems there is no much difference between FR1 and FR2.
·  Backward-compatibility of channels during initial access. This actually has been studied with the following agreed to be captured into TR. 
‘Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports).’

With above said, I strongly suggest companies could go with the following proposal. FL urges companies to be constructive and cooperative at this stage. 
Proposal 23-1-rev3: To include the following recommendations in the TR:
· For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17.

	Company
	Comments

	Huawei, HiSilicon
	2.96 dB is a big margin as comparing 26 dBm maximum UE power to 23 dBm.
FR1 Rural TDD where Msg3 has coverage shortage is not typical scenario because UL PUSCH throughput is too low and overheads of guard period are high. More importantly, Msg.3 coverage enhancement cannot be simply motivated by fulfilling the large cell ISD in those scenarios, as explained below.
Speaking of backward-compatibility, the enhancement of initial access channels is a bit more complicate than that of non-initial access channel. The cell coverage of initial access channel is limited by the legacy UEs rather than the enhanced UEs because seamless initial access has to be guaranteed for legacy UEs. For example, assuming that enhanced UEs would have 3 dB enhancement over legacy UEs, can the cell ISD be enlarged by 3 dB? We are afraid the answer is no, otherwise legacy UE will always fail in initial access and hand-over at cell edge. The backward-compatibility issue for coverage enhancement on initial access is more than identifying the enhanced UE from legacy UEs during initial access procedure.
The benefit of such enhancement is unclear.
Therefore, we don’t agree on the proposal.

	FL
	The case I referred to is 700MHz Rural FDD scenario. For service dependent target, PUSCH with VoIP is the worst channel with only 0.56 dB gap compared to the second worst channel Msg3. I would say the 0.56 dB gap can be easily compensated, e.g., by enhancements agreed on PUSCH repetition type A. For scenario dependent target, the 2.96 dB gap is to compare with the worst channel PUCCH with 22 bits. In typical cases with PUCCH of less number of UCI payload, the 0.56 dB gap compared to PUSCH with VoIP is marginal. For a cell-edge UE with only VoIP service, Msg3 would most possibly become the bottleneck channel. Note that, impact of standard deviation should also be considered, which make more desirable for Msg3 enhancement.

Regarding backward-compatibility, FL understanding is that whether the cell ISD can be enlarged would depend on network deployment. For instance, in a heterogeneous network, the legacy UE could access the network by Macro layer, while the ISD of Pico layer could be enlarged. This could maintain UE mobility on Pico layer so that it can effectively offload more UEs to Pico layer and leave more resources for poorer UEs.
If you have concerns on Msg3 PUSCH in FR1, not sure whether the following update would be ok for you? Or you still want to limit the enhancement to FR2 only? Any constructive suggestion to move forward?
Alternative Proposal 23-1-rev3:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition targeting for FR2 in Rel-17, and enhancement to Msg3 PUSCH repetition can be applied for FR1 while will not consider the optimization specific for FR1. 


	Samsung
	Support FL’s proposal. 
Regarding HW’s comments, it is a little bit surprise to see such kind of comment at this stage. Based on the description, we think the unclear part for HW is actually how to use this enhancement rather than the actual technical benefits of such enhancement. We think that’s highly dependent on how operators will utilize the enhanced solutions, e.g., the deployment of the network, there has been experience on LTE in cooperate with coverage enhanced UEs which have larger coverage than normal/legacy LTE users, and also the experience with NB-IoT and eMTC UEs. Since the operators have shown the support this proposal, I don’t think this is a real issue or relevant on the decision of this proposal.   

	Nokia/NSB
	Support the FL’s proposal. We fully agree with Samsung’s observations and we would like to add we struggle to see why RAN1 should ignore input from operators.

It is also worth observing that all the studies we performed so far show that an ISD of 200m for FR2 cannot be reached by most (if not all) channels, especially when O2I propagation is considered. Therefore, it is rather evident that any enhancement added to a system deployed according to this ISD (far from being unreasonable, and indeed agreed in RAN1 for this reason) would simply make the system perform better, because current ISD causes already extremely challenging issues to handle. It may in fact make a difference on whether or not the UE has 5G service, especially when indoor, rather than helping us move base stations farther away from each other. Even for O2O, which is a less challenging setup, it would make service availability more robust for the new UEs in areas where the Rel-15/16 UEs may have difficulties to reach the serving gNB. 

Furthermore, if RAN1 accepted Huawei’s argument, then we would be basically implying that cell coverage of access procedures in 5G will never be improved, which is hardly reasonable given the challenges of both extreme rural and mmwave deployments, especially in markets that are not able to satisfy their coverage requirements with R15.

Finally, we may also want to note that the notion of backward compatibility applies when existing deployments exist. If this applies to urban FR1, for which an actual deployment is happening widely, it is hardly so for FR2 of for extreme rural scenarios in FR1 as well, whose current number of deployments is still very low and rather limited in terms of features and capabilities.

	Ericsson
	We’re fine with the updated proposal. 
But just to make it clear, we treat this Msg3 repetition more as a technique for PDCCH overhead reduction rather than a technique for Msg3 PUSCH coverage enhancement, given Msg3 retransmission is already able to provide a similar coverage gain.

	Intel
	We are fine with the FL’s proposal. 

	Huawei, HiSilicon
	Firstly, we would like to suggest alignment on the target UL throughput for the scenarios that the proposal with recommendation is beneficial for. Msg3 is conveyed by PUSCH and 2 PRBs are assumed in the CovEnh simulation. If Msg.3 fails in coverage in operator’s network, then the maximum number of PRBs for normal PUSCH is less than 2 PRBs which means a max data throughput less than 56kbps (56bits payload/1ms slot). We don’t see any operator showing interests of targeting at such low UL throughput for practical eMBB network. Additionally, this proposal is about Msg.3 repetition resulting in even much lower target UL data rate than 56kbps. What is the target operating UL throughput for this proposal? Could proponents confirm whether it is lower than 56kbps or not? How much it is?

FL: I really don’t see any reasoning that we can compare data rate of Msg3 with that of eMBB.  which is broadband service and needs contiguous transmission for its large volume of data while Msg3 is more like a burst transmission. In addition, Msg3 can only be based on wide SSB beam while regular PUSCH could finer beam which could improve the SNR. This makes Msg3 is more vulnerable compared to transmission in RRC connected mode. 

If we have to make a comparison, VoIP with 12.2kbps might be a more reasonable reference (if we don’t consider the antenna gain difference). Using your logic, could we say the performance of Msg3 is worse than PUSCH with VoIP and should be improved, considering the latter has been proved problematic in both FR1 and FR2. As also Sharp mentioned, there is a demand for maintaining NR VoIP coverage as large as the one for UMTS. 

Secondly, we would like to suggest alignment on whether the initial access success ratio of R15/16 eMBB UEs can be sacrificed for R17 enhanced UEs in target practical network. The scenario targeted by the proposal seems a network with large area not accessible to R15/16 eMBB UEs but only for R17 UEs. If it is the case required by operators, which we don’t see yet, then at least the proposal should be clarified with 
“it is recommended to support Msg3 PUSCH repetition is beneficial only for the following cases,
· A network with non-contiguous coverage, e.g. FR2 offloading network
· A network with non-contiguous initial accessibility to R15/R16 UEs.
“
FL: Do you mean we should ignore operators’ request which basically the same request as in LTE. Do you think it is really needed now that we should look into the network deployment, which has been already proved in LTE, e.g., the widely deployed NB-IoT and eMTC network. We should focus on the technical benefits of such enhancement rather than caring about the well proved network deployment. 

Thirdly, a practical ISD has taken into account the coverage for UEs with deep fading or penetration loss, including indoor UEs with very high access success rate. We are afraid we don’t have to discuss indoor UEs specifically but they have been represented by an appropriate ISD in the discussions.
FL: Yes, no need to discuss indoor UEs specifically. 

We hope some consensus could be reached first for the first two points above.

	Qualcomm
	We support FL’s proposal.

	Sharp
	We support FL’s proposal. In our understanding, there is a demand for maintaining NR VoIP coverage as large as the one for UMTS. It is one use case for the network. Therefore, we support msg3 PUSCH enhancement also for FR1.

	FL
	The only company showed concerns so far is Huawei. The main argument in their first input is about backward compatibility for coverage enhancement on initial access channels. More specifically, it argued that the cell ISD of (at least) initial access channels for Rel-17 enhanced UEs cannot be enlarged, since it will be limited by legacy UEs. However, it seems hardly reasonable as clarified by Samsung, Nokia and also FL. 
·  This will depend on operators’ real deployment. There has been experience on LTE in cooperation with coverage enhanced UEs which have larger coverage than normal/legacy LTE users, and also the experience with NB-IoT and eMTC UEs. 
·  It is basically implying that cell coverage of access procedures in 5G will never be improved, which is hardly reasonable, especially in markets that are not able to satisfy their coverage requirements with R15. 
·  It is not the case for FR2 of extreme rural scenarios in FR1 as well, whose current number of deployments is still very low and rather limited in terms of features and capabilities.
·  For urban with an ISD of 200m for FR2, it is rather evident that any enhancement added to a system deployed according to this ISD would simply make the system perform better. 
· ...

@Huawei, please find FL reply for your second round of comments. 


So, FL’s proposal is still Proposal 23-1-rev3 below. I’d like to emphasize that, there is no way to make any progress if we keep discussion like this. Again, please be more constructive and cooperative! If still any very strong technical concerns, please also make a constructive suggestion to move forward. At the end of this marathon e-meeting, it expects a dozen of supporting companies are waiting for hopefully a good result.


Proposal 23-1-rev3: To include the following recommendations in the TR:
· For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17. 


	China Telecom
	We support Proposal 23-1-rev3. Firstly, from China Telecom's point of view, we find that there exist some coverage issues for Msg.3 PUSCH in some scenarios, such as rural 4GHz, out door gNB serves deep indoor UE, etc. Secondly, it has been already identified that Msg.3 PUSCH is one potential bottleneck channel. Thus, we think coverage enhancement for Msg.3 PUSCH is needed.         
As for enhancment solutions, we think repetition may be a effective way to enhance the performance of Msg.3 PUSCH w/o complicated sepc. work.        
Thus, we suppot Proposal 23-1-rev3. 

	SoftBank
	And sorry to jump in so late... but I was busy handling another topic. regarding PUSCH of Msg.3, we have no strong opinion on specific solutions. But as an operator, it would be good to consider an enhancement for PUSCH of Msg.3.
It seems that  operators are requested to input something :-) It is claimed that PUSCH Msg.3 wouldn't be a bottleneck under the deployment targeting eMBB service, which requires high UL throughput. Ideally the answer is yes, but the real deployment is not ideal. In the urban area, deep indoor sometimes causes a coverage issue, and network availability is very important even when uplink throughput is lower than eMBB target. The similar situation also happens in the (almost) isolated cell in the countryside. In such cases, it would be still useful even when only Rel-17 UEs can benefit from coverage extension. 
By the way, I'm a bit confused about the proposal. My understanding is that the discussion focus is to find/determine the most promising technology for PUSCH of Msg.3 enhancement, and bottleneck identification is not the scope of this AI, right? Then, I'm not so sure why this discussion is still controversial ... So I think we can agree the proposal and the priority among channels can be left to RAN plenary discussion. 

	Nokia/NSB
	Concerning the comment by Yosuke below, we believe it is a very pragmatic comment which does not cover only msg3 but can implicitly be applied to PRACH as well (the same logic). We fully agree with his point of view. Problems exist in current deployments and operators see them. RAN1 can decide to keep ignoring them or do something about it. We honestly hope RAN1 is not afraid of solving problems.
 
On this last aspect, is fair to say that RAN1 always strive to deliver solutions when solutions are needed. In this context, we are honestly very much puzzled when we read comments practically implying problems may exist and RAN1 may not be able to solve them. First of all, this is very vague statement with no evidence to corroborate it. Secondly, it sounds like an admission of lack of capabilities, skills and knowledge in RAN1. From our perspective, this is obviously not the case and should never be used to steer RAN1’s decisions.


	Huawei, HiSilicon
	  To make progress, we summarized our two concerns in the summary previously, but they are not answered yet.
        The second one is related to Yosuke’s reply on UEs of“deep indoor”. How many UEs are suffering some deep fading and lose initial access ability to the network? If operators’ answer is many of them, it means the assumption is a network with non-contiguous coverage, otherwise it should be assumed that all Rel-15/Rel-16 have sufficient msg3 coverage for initial access to the network.
FL: Not sure whether Yosuke is there for a response.  From my side, I would like to first confirm the understanding about non-contiguous coverage. It may refer to a deployment scenario with higher frequencies layer to offload the traffic from lower frequencies, or a scenario with deep indoor UEs. Anyway, I don't think it is important to discuss whether this kind of scenario is defined as non-continguous coverage or not. It's clear from the operators' comments that msg3 enhancement is helpful for their deployment. 
        The first one is also related to Yosuke’s reply and may be able to be discussed in this way, in assumption of a network with non-contiguous coverage, at a spot of deep indoor environment with large penetration loss where Rel-15/16 UE cannot succeed in msg3 transmission, how much target UL throughput is expected at this spot? Lower than 56kbps (Msg.3 56bit/1ms) or not?
FL:  Your assumption is invalid and misleading.  The date rate of Msg3 is not equivalent to that of regular PUSCH. Because, as I mentioned before, Msg3 can only be based on wide SSB beam while regular PUSCH could use finer beam which could improve the SNR. In addition, if higher SCS is considered, e.g, 30kHz, the data rate of Msg3 would be 112kbps, or reach to 448kbps if case of 120kHz SCS in FR2.  There is no point to do this kind of comparison based on some inaccurate assumptions.
        The proposal is discussing whether some enhancement technique is beneficial, but its target scenario or assumption is not clear to sustain any benefits. We have been acting very cooperatively by providing simple yes/no questions to make progress to address our technical concerns. However, we did not receive any direct answer yet. Our proposal is still to improve the benefit claim by clarifying the scenario and assumption, as those two points we summarized before.
 
        @Xianghui, In RAN1 agreements, VoIP is agreed as service dependent traffic with 320bits TBS, its packet data rate 12.2kbps clearly does not mean that the required minimum UL throughput for a network is only 12.2kbps. On the contrary, in R1-2005259, we have provided analysis to show how big it should be. Regarding your following comments, we respectfully disagree because it is clearly stated in SID that “o     LPWA services and scenarios are not included.”
FL: Do you mean we should ignore operators’ request which basically the same request as in LTE. Do you think it is really needed now that we should look into the network deployment,which has been already proved in LTE, e.g., the widely deployed NB-IoT and eMTC network. We should focus on the technical benefits of such enhancement rather than caring about the well proved network deployment.
 
FL: Regarding the data rate of VoIP, we have agreed the TBS of 320 bits in AI 8.8.1 based on assumption of 12.2kbps, and all the evaluation results are based on that. I don't think we should be based on one company's assumption on this aspect now. Even it is considered, the date rate is only 64kbps as observed in your paper. 
As for the highlighted part, I meant Msg3 repetition is supported in MTC/NB-IOT for similar purpose, i.e., coverage enhancement.  I didn't mean that LPWA scenarios are considered here.
 

	FL
	@Frank, Regarding your comments, please find my inline reply below.
 
It's very unfortunate that we have such situation (20 vs 1) for Msg3 enhancement at this stage. But, considering we have very limited time left, we have to find some way forward. For that, I made an updated proposal below. Basically, the supporting companies think Msg3 enhancement could be beneficial in general, while HW believes Msg3 is only beneficial for the non-contiguous coverage. So, the current proposal could be a compromise, though it is an unbalanced compromise. 
 
@Frank, please let me know if the current proposal is acceptable for you.
 
@all, please have a further check. If no additional comments received, I would assume you can live with the proposal (though I know it is not the one you prefer)
 
Proposal 23-1-rev4: To include the following recommendations in the TR:
It is recommended to support Msg3 PUSCH repetition in Rel-17, which is beneficial at least for the following two cases, 
· A network with non-contiguous coverage, e.g. FR2 offloading network
· A network with non-contiguous initial accessibility to R15/R16 UEs.


	Huawei, HiSilicon
	        Please note that we cannot find any your inline reply as you said.
         It is very unfortunate that technical concerns are kept being ignored and not addressed by the latest FL proposal. Therefore, we are sorry that the proposal is not acceptable to us.
         Since our simple yes/no questions are not answered but time is limited, we suggest that the proposal should clearly include at least the following to move forward,
1.  Msg.3 repetition is not beneficial for a network with contiguous coverage nor for a network with contiguous initial accessibility to Rel-15/16 UEs
2.  Msg.3 repetition is not beneficial for FR1 network with minimum required PUSCH throughput larger than 56 kbps.
3.  Msg.3 repetition is not beneficial for FR2 network with minimum required PUSCH throughput larger than 224 kbps.
4.  Msg.3 repetition for FR1 targets at scenarios overlapping with LPWA, thus it is out of scope and not recommended.
5.  The general recommendation should be removed, i.e. removing“It is recommended to support Msg3 PUSCH repetition in Rel-17”
 
The detailed explanations for the above proposal can be found in our previous email replies or in the summary document.
Finally, we would like to highlight that the proposal concludes only that the specific solution Msg.3 repeition, instead of RAN1, cannot solve some existing issues.


	Qualcomm
	We already have agreements/conclusion/observation indicating Msg3 is bottle-neck which needs further enhancement. Based on the discussion during the SI, 20+ companies including operators see the need to enhance Msg3 and only Huawei is objecting the enhancement.
 
Huawei’s concerns are incorrect when coupling Msg3 and requirements of other PUSCH in determining whether it is beneficial to enhance Msg3 or not. We should follow the agreements/conclusion in 8.8.1.1 and 8.8.1.2. Furthermore, definition of“contiguous coverage” and “non-contiguous coverage” is never discussed during the SI. We strongly believe that adding such definition brings ambiguity to the agreements/conclusion and talking about specific scenarios belongs to the scope of other sub-agendas (for baseline evaluation), not this sub-agenda. We think if Huawei has strong concerns about Msg3 being a bottleneck, they should have brought their concerns earlier during the email discussion for other sub-agendas (for baseline evaluation).
 
Overall, we don’t prefer the using the term“non-contiguous coverage” in FL proposal is necessary. However, if majority of companies think it is needed, we are fine with it. So we prefer FL’s Proposal 23-1-rev3.


	Nokia/NSB
	We fully agree with Qualcomm’s observations and support23-1-rev3.

	FL
	Firstly, I'd like to have a quick reply to Frank for his following comment. The email is forked, and my inline reply is missed if you as a delegate only check the latest email and ignore the email sent by FL. Most importantly, I also cc the email to you, and the email is successfully sent out, you should have received my email also, right?  In addition, I have replied to you one day ago that there is no point to do comparison for the data rate of Msg3 and PUSCH. The date rate of Msg3 is not equivalent to that of regular PUSCH. Because Msg3 can only be based on wide SSB beam while regular PUSCH could use finer beam which could improve the SNR. You seem ignored the reply from me and also other companies, and made some repeated arguments. Anyway, I would say there is no way to conclude anything if we discuss like this. 
'Please note that we cannot find any your inline reply as you said.
It is very unfortunate that technical concerns are kept being ignored and not addressed by the latest FL proposal. Therefore, we are sorry that the proposal is not acceptable to us.'
 
Below is the summary from my side. 
 
Regarding Msg3 enhancement, there are 20 companies supporting original Proposal 23-1-rev3 (Alt 1 below). Only one company (Huawei) showed concerns arguing that the target scenario for Msg3 enhancement is not clear. However, several operators have explicitly stated by email that Msg3 has coverage problems in their real deployment, e.g., rural 4GHz, out door gNB serves deep indoor UE, and isolated cell in the countryside etc. 
 
However, to move forward, I offered a compromise (Alt 2: Proposal 23-1-rev4 below). Because Huawei once commented that Msg3 enhancement is only beneficial in the two cases, though the other companies think it is beneficial in general. It is already a big compromise from the vast majority. Very very unfortunate that Huawei still thought Alt 2 is not acceptable, and their suggestion is far from fair and would not be acceptable for other companies. In such situation, I need guidance from Mr. Chairman. As FL, I think Alt 1 is more appropriate if we consider the vast majority companies' position. If not, I think Alt2 can be considered since it already addressed many concerns from Huawei.  In the worst case, at least Alt3 which is simply a fact reflecting RAN1 discussion should be captured in the TR. 
 
Alt 1: Proposal 23-1-rev3: To include the following recommendations in the TR:
l For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17. 
Alt 2: Proposal 23-1-rev4: To include the following recommendations in the TR:
It is recommended to support Msg3 PUSCH repetition in Rel-17, which is beneficial at least for the following two cases, 
A network with non-contiguous coverage, e.g. FR2 offloading network
A network with non-contiguous initial accessibility to R15/R16 UEs.
Alt 3: Proposal 23-1-rev4: To include the following observation in the TR:
l 20 companies see the benefits of supporting Msg3 PUSCH repetition for coverage enhancement in Rel-17 while one company claims otherwise. 
 
Regarding PRACH enhancement, only Ericsson still has concerns on the following proposed conclusion, which is already a big compromise from majority. As FL, I still suggest the following conclusion which well reflects the situation in RAN1. 
 
Proposed conclusion: RAN1 has not reached consensus on whether to or not to support multiple PRACH transmissions before the end of RAR for short PRACH format for FR2 in Rel-17; 10 companies see it as a beneficial direction to pursue whereas 3 others claim it is not beneficial and not necessary.


	Huawei, HiSilicon
	       Please check our comments entered into the summary document. We have never proposed Alt.2 and never propose not to consider the minimum UL throughput in those two cases. On the contrary, we have provided clear plain yes/no questions for describing our two technical concerns. Our technical concerns are not addressed by Alt.2 nor Alt.1 which obviously are misleading to claim Msg.3 repetition is beneficial in general.
         Therefore, we cannot agree proposal Alt.1 and Alt2.
         Regarding Alt.3, if any conclusion like it would be made, it is not a material to be captured into TR. Therefore, the proposal Alt.3 itself is not agreeable. If any conclusion would be made, we are confused why FL treats Msg.3 and PRACH proposals differently. As other companies commented before, for this unfortunate situation, no consensus in RAN1 is 3GPP practice, we don’t see a need to have a lengthy conclusion


	FL
	@Frank, Yes, you never proposed Alt2, while you indeed commented the two cases in Alt2 is beneficial, copied your comments as below. That's why I think Alt2 could be a compromise. I can change Alt 3 to be a conclusion like PRACH just to make you comfortable. 
'If it is the case required by operators, which we don’t see yet, then at least the proposal should be clarified with
“it is recommended to support Msg3 PUSCH repetition is beneficial only for the following cases,
A network with non-contiguous coverage, e.g. FR2 offloading network
A network with non-contiguous initial accessibility to R15/R16 UEs.'

Below is the summary from my side. 
 
Regarding Msg3 enhancement, there are 20 companies supporting original Proposal 23-1-rev3. Only one company (Huawei) showed concerns arguing that the target scenario for Msg3 enhancement is not clear. However, several operators have explicitly stated by email that Msg3 has coverage problems in their real deployment, e.g., rural 4GHz, out door gNB serves deep indoor UE, and isolated cell in the countryside etc. I offered two alternatives in my previous email while it seems there is no sign of compromise from Huawei. I need the guidance from you Mr. Chairman. 

Proposal 23-1-rev3: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17. 
Supported by: SoftBank, vivo, ZTE, CATT, Intel, China Telecom, CMCC, NEC, Samsung, OPPO, Sharp, LG Electronics, Ericsson, Apple, InterDigital, NTT DOCOMO, Qualcomm, Nokia/NSB, Potevio, WILUS
Not supported by: Huawei/HiSilicon




7.2 Proposal 24
The latest proposal for PRACH enhancement is Proposal 24-rev2, and the arguments made for the necessity of PRACH enhancement is summarized in Section 6.2. 
	Proposal 24-rev-2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.



For short PRACH format, it is the first priority bottleneck channel in FR2. It would be desirable if RAN1 can recommend some specific enhancements. Unfortunately, 3 companies showed strong concerns. In such situation, FL thinks the following conclusion is the best compromise we can make now. Again, I strongly suggest companies could go with the following conclusion. FL urges companies to be constructive and cooperative at this stage. 

Potential conclusion: RAN plenary to decide whether to support multiple PRACH transmissions for PRACH enhancement in Rel-17. 

	Company
	Comments

	vivo
	Is this conclusion, if agreed, captured in TR? From our point of view, we don’t need to mention something like “RAN plenary to decide..” Given the arguments so far and looking at the evaluation results, we don’t think urban O2I with 200m ISD is realistic. In urban O2O, the gap compared to eMBB is very small, and operators will deploy FR2 for throughput. It has been listed as potential bottleneck in FR2, hence we don’t think such a conclusion is necessary.  

	Samsung 
	We can live with this proposal, even though looking at the status of this proposal, in which there are actually more (majority) companies supporting this enhancement.
We understand some companies still has their own belief even with agreed simulation scenarios, assumptions, results and identification of bottlenecks. This proposed agreement (conclusion) is kind of compromise with constructive spirit especially in favor of minority. This type of agreement (conclusion) has been normally used even in this RAN1 meeting. We see the value of it. Besides, if we only stick to one’s own belief, it would be quite difficult to make any progress. 

	Nokia/NSB
	Agree with Samsung and in favor of FL’s proposal and approach. However, we think it is fair to say that given the very limited available time we should not ignore the reality of facts here. Current proposal does not reflect what the (large) majority of companies observed and proposed. It is indeed a proposal meant to address the concerns of a minority of companies, who keep on ignoring the evidence presented. In this sense, it would be more reasonable to expect criticism and objections from all those companies who wanted to ensure that constructive approaches could be used to improve performance of coverage bottleneck channels, as identified in AI 8.8.1.1 and AI 8.8.1.2 using an agreed methodology. Indeed, current FL’s proposal does not capture this aspect and literally defers any decision in this sense to RANP. It is difficult for us to understand what the problem with this approach could possibly be, given that it simply does not ignore the opinion of the majority of companies, while accounting (a lot) for the opinion of the minority. If anything, this proposal is unbalanced in favor of the minority view and not the opposite, as perfectly highlighted by Samsung above. 

	Ericsson
	For the proposed conclusion:
Our understanding is that ‘RAN is to decide …’ means that ‘there is no conclusion on whether there is or there is no benefit to support…’, but we do not need to ask RAN to decide.
 
A fair conclusion to reflect the fact of what we’ve actually discussed so far in RAN1 is enough:
For PRACH enhancement in Rel-17, there’s no conclusion on whether there is or there is not a benefit to support multiple PRACH transmissions.
FL: As FL, I would say your proposed conclusion is far from fair to the majority companies! We have to be constructive.
[Ericsson] We propose this fair conclusion mainly based on technical analysis, what we’ve studied earlier repeated twice in earlier releases, and we didn’t see any system level results except some link level results showing some gains from doubling the PRACH transmissions which is already supported based on current spec.
Or does FL mean whether a technique has benefit depends on whether there’s a majority companies having interest or a minority of companies having interest on  this technique? Hope Chairman and other FL can comment on this understanding as well.
Hope people in the group can be more constructive in technical discussions.
FL: From FL perspective, at least two companies provided their LLS results proving the performance gain, and ZTE also provided SLS results on multiple PRACH transmissions with different beams. On the other hand, I didn't see any opponents provide any simulation results to support their argument that there is no performance gain for such enhancement. 
[Ericsson2]Please be aware of the actual concern is not whether 2 PRACH transmissions compared to single PRACH transmission have gain seen from the simple evaluations from limited companies so far, it’s about how much gain can you see in system level evaluation considering collisions and interferences introduced by multiple PRACH transmissions from single UE in a short time compared to the multiple PRACH transmissions after the end of RAR window. If none of the companies in the group can show this results to address the concerns, let’s stop recommending this solution, it’s not just the “multiple PRACH transmissions before the end of RAR” that could be studied for PRACH enhancement.
For your each of concern raised, several companies have replied to you, and I also summarized the discussion from both sides in the summary. It is not only based on the number of supporting companies. 
[Ericsson2] We also replied to companies’ replies, but didn’t see any of the concerns addressed. Which is why we can not simply recommend a solution without system level study on the impacts to the systemconsidering collisions and interferences introduced by multiple PRACH transmissions from single UE in a short time compared to the multiple PRACH transmissions after the end of RAR window.
Some detail comments for multiple PRACH transmissions:
First of all, whether PRACH is a bottleneck has nothing to do with whether“multiple PARCH transmissions before the end of RAR” is a coverage enhancement technique or a latency enhancement technique or is not an enhancement technique at all. (Note that we add“before the end of RAR” because multiple PRACH transmission after the end of RAR is already supported by PRACH reattempt).
FL: Fine to add “before the end of RAR”. But, please be reasonable: Why are you saying multiple PRACH transmission is not an enhancement technique! Do you think gNB can do joint detection among multiple reattempts, which is feasible and could provide gains for PRACH repetition. Do you think PRACH re-attempts may cause longer latency for initial access in most cases depending the configuration, e.g. TDD configuration, RAR window size, backoff time?.... There are lots aspects we discussed, you may have a different view, but please don’t make statement like this.
[Ericsson] For the joint detection, is this something that companies proposed and proved in the study? We didn’t see any SLS results considering collisions and interferences introduced by multiple PRACH transmissions from single UE in a short time.
RAR window size in minimum can be configured just one slot which I’ve responded many times but was neglected every time. Please double check our response in previous round if you missed to address your questions here regarding latency.
Again, please show the group the results, the gain comparing multiple PRACH transmissions and reattempts with interference/collision modeled in system level. We’re not blocking your proposal, we cannot recommend your proposal without evidence and without addressing companies’ concerns.
FL: From FL perspective, it seems clear that joint detection could be performed for PRACH repetition while not for multiple re-attempts. Again, proponents provided  simulation results, while not from opponents. It's also not fair to question the benefits without any simulation results. 
[Ericsson2] We can not say“it seems” without any evaluation. And as replied earlier, please be aware that the actual concern is not whether 2 PRACH transmissions compared to single PRACH transmission have gain, it’s about how much gain/loss can you see in SLS evaluation considering collisions and interferences introduced by multiple PRACH transmissions from single UE in a short time compared to the multiple PRACH transmissions after the end of RAR window.
If none of the companies in the group can show this results to address the concerns, let’s stop recommending this solution, furthermore, it’s not just the “multiple PRACH transmissions before the end of RAR” that could be studied for PRACH enhancement.
Regarding the latency, yes the RAR window size could be one slot, while in most configurations it could be up to 180 slots. We also need to consider other configurations, e.g., backoff time for each re-attempt, it could be a very large values in most cases. I don't see anything wrong about my summary: PRACH re-attempts may cause longer latency for initial access in most cases depending the configuration, e.g. TDD configuration, RAR window size, backoff time etc. 
[Ericsson2] With increased collision and interference, additional multiple transmissions before the end of RAR for each one of the multiple transmissions after the end of RAR may be require causing even longer latency, have ZTE or any other companies studied this as well? Should we debate on the latency reduction here for initial access? If there’s no such study from this group, we do not recommend this for latency purposes though this is actually not in the scope of this study.
PRACH bottleneck (though it’s not clear to what extent it is) cannot be a justification of recommending“multiple PRACH transmissions before the end of RAR”, nor the interest of companies can be. Whether a feature could be technically recommended should be based on the technical analysis of the specific feature. Really appreciate if some companies can be more constructive to respect the technical facts being revisited again. These have been discussed in multiple releases and to move forward we need more evidence.
FL: We having been discussing the technical points for three weeks for this topic! You have one point is correct, we need to be constructive! Please refer to my summary in Section 6. Please don’t repeat your concerns. I have already made a summary of the arguments from both side in Section 6. If you think my summary missed some of your points, please directly clarify which part is missed, and how it should be incorporated.
[Ericsson] The issue is that none of our concerns was addressed yet. And what we have heard so far are mainly repeated arguing that multiple PRACH transmissions are needed because it’s of interest and PRACH is a bottleneck and opponent companies are not constructive. We didn’t see any simulation results to address our concerns and concerns from earlier releases. Companies should be constructive, but this doesn’t mean that we need to simply recommend a solution not studied.
FL: Similar comments as above. 
[Ericsson2] Same response above.
According to the discussions, we do not see a need to further discuss and debate on this“multiple PRACH transmissions before the end of RAR” which is a feature that has already been rejected twice in earlier releases.
As is observed in earlier releases, this multiple PRACH transmission before the end of RAR window may cause uncontrolled higher collision probability and interference to the system while the motivation of this feature is latency reduction. Furthermore, with this solution, whether latency can be reduced is also questionable considering the additional interference may make the PRACH performance worse requiring more reattempts and larger latency. And we do not see it an enhancement of coverage especially given there’s no system level careful study on it compared to PRACH reattempt that is already supported in current spec.
FL: It simply seems you think ‘If a feature is rejected once in previous releases, it should not be considered in the further releases’. Why didn’t you say PRACH repetition should be supported since it is supported in LTE MTC/NB-IOT which also targeting coverage enhancement? We are discussing coverage enhancement which is not discussed before in NR, please focus on the discussion here. 
[Ericsson]@Xianghui, I guess you misunderstand us by simply saying“it seems” “If a feature is rejected once in previous releases, it should not be considered in the further releases”.
From the beginning of this discussion, the main reasons we do not support multiple PRACH transmissions before the end of RAR are the list concerns that have been observed in earlier releases and also observed in this meeting, while no one can show results to address the concerns. This is not a simple concern to block the proposal, let alone that we have a long list of concerns not addressed.
 
FL: Still, the discussion here is for coverage enhancement, which is not the main target in previous releases. As for the concerns, similar comments as above. 
[Ericsson2] What’s the difference of a“multiple PRACH transmissions before the end of RAR” in the legacy and this release? Again, please show your evaluation on this, we’re not blocking your proposal, we’re fine if you can address the list of concerns.
LPWA is not in this WI and we’re studying eMBB and VoIP, we haven’t seen any SLS results showing the gain from repetition and loss from collision/interference in this study item, we cannot say it will be an coverage enhancement or a latency reduction compared to PRACH reattempt.
FL: Regarding your comments on SLS, similar comments as above. 

Detailed concerns put here again as they have not been addressed:
· This is a feature that has been discussed a lot in NR R15 and R16, main intention was to optimization the RA latency, and rejected due to concerns on introducing uncontrolled higher collision probability and increasing interference.
· There’s no interference/collision/best PRACH transmission mis-detection study for this multiple PRACH transmission, thus the concerns in earlier releases are still valid, and we do not know how the system will look like.
· There’s no system level evaluation result on the table to show the beam selection gain with multiple transmissions compared to beam reattempt considering both possible collision probability and interferences within a cell and between cells. It’s not clear the optimization is related to coverage enhancement. The intention may be for latency reduction, but higher interference/collision may make the latency even larger.
· Multiple PRACH transmissions before the end of RAR window will also introduce large specification impact in at least both RAN1 and RAN2, and this will rely on RAN2 discussions as well. 
· It’s not clear to what extent PRACH is a bottleneck with the following reasons
· PRACH results are only based on initial transmission without any reattempt (can be with same or different beams) already supported by current spec.
· The gains of beamforming transmissions should be studied at system level which was done in IMT-2020 studies. The antenna gains and antenna correction factors are quite different among companies for PRACH and it is difficult to conclude on the net benefit using the current methodology
· look at 10% miss detection rate, there’s no bottle neck even with only single transmission
· In Rel-15/16, UE can already allow not only flexible beam selection for uplink transmissions in random access but also different time/frequency/power domain resources, and different PRACH reattempts provides gains in time/frequency/spatial/power domain. 
· PRACH collision rate would increase and measurement accuracy cannot be guaranteed to select among multiple PRACH transmissions before the end of RAR window.
FL: Please don’t repeat your concerns. I have already made a summary of the arguments from both side in Section 6. If you think my summary missed some of your points, please directly clarify which part is missed, and how it should be incorporated. 
[Ericsson] We put them here mainly because none of them were addressed in last round and assume they should be treated in this round but not yet.

	Intel
	Regarding RAN plenary to decide the PRACH enhancement, we are fine with this. However, we suggest to keep the original wording as follows:

RAN plenary to decide whether to support multiple PRACH transmissions for PRACH enhancement in Rel-17. enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

	Qualcomm
	We are fine with the proposal. Similar to Samsung and Nokia, we think this proposal is a compromise especially in favour of minority (who are opposing PRACH enhancement).

	Nokia/NSB
	In the interest of an efficient use of the residual time, it has been suggested repeatedly by both FL and Mr. Chairman to be constructive. We think that given the current version of the proposal, and the 10 companies in the table above, we can safely state that 10 companies are beingvery constructive here. We also think it is fair to say that labeling this case as “lack of consensus“ in RAN1 simply does not capture the fact that an overwhelming majority of companies actually share the same view. In this context, we fail to see how much the proposal could be changed without asking 10 companies to accept being completely ignored. Therefore, we see only two possibly outcomes at this stage, and we would like to respectfully suggest them to both FL and Mr. Chairman:
· Decision by majority.
· Capturing the following conclusion in the TR: “RAN1 has not reached consensus on whether to support multiple PRACH transmissions in Rel-17; 10 companies see it as a beneficial direction to pursue whereas 2 others claim it is not necessary”.


	Sharp
	We support FL proposal. We are also supportive of Nokia’s proposal on the e-mail.

	FL
	
@Ericsson, please find my reply inline above. 

@Intel, I think your suggestion is ok by making it more specific and align with the proposal.  

@Nokia, I think the intention is not to capture the proposed conclusion into TR. Anyway, let’s first discuss the proposed conclusion first, and leave the decision on how to capture it to Chairman.  

Proposed conclusion: RAN1 has not reached consensus on whether to support multiple PRACH transmissions before the end of RAR for short PRACH format for FR2 in Rel-17; 10 companies see it as a beneficial direction to pursue whereas 3 others claim it is not necessary. 


Two companies (vivo, Ericsson) raised concern. What I can do at this moment is to repeat what I (also several other companies) said. 

PRACH is a potential bottleneck channel with the first priority in FR2, and majority companies believe PRACH enhancements is necessary. Current proposed conclusion is already a compromise from majority to address the concern from minority. In spirit of not making any compromise even it is minority, how could we make any progress in RAN1? Again, please be more constructive and cooperative as a group! 

	Ericsson
	@FL, thanks for the comments, and please find our response in line.

Regarding the conclusion, although we do not see a need to make any conclusion on the multiple PRACH transmission feature, to move forward, we’re fine to draw conclusion in chairman notes to reflect that this has been discussed. But we have 2 updates:
· We do not see a need to include companies in the conclusion, since “no consensus” is not because companies are or are not interested in something, but because a long list of major concerns from companies were not addressed. If companies’ interest should be captured in the conclusion, we want FL to copy our list of concerns captured in this conclusion as well.
· Furthermore, one proposed change to try to be more fair is to change “to” to “ to or not to”.
Proposed conclusion: RAN1 has not reached consensus on whether to or not to support multiple PRACH transmissions before the end of RAR for short PRACH format for FR2 in Rel-17; 10 companies see it as a beneficial direction to pursue whereas 3 others claim it is not necessary.


	vivo
	We are fine with revision from Ericsson, with the statement“whether to or not to support” leaves the door open for supporting companies to bring this up in RAN.

	FL
	@Zhipeng, regarding your comments, please find my inline reply below. We are in an endless loop here. We actually have discussed the pros&cons of PRACH enhancements for three weeks. I think we have already well known each other, and let's focus on the proposed conclusion. 

@Rakesh and Zhipeng, From FL perspective, I think it's fine to add 'or not to' as Zhipeng suggested. While, it is indeed not fair to delete the number of supporting/opposing companies there. It is a fact and well reflects RAN1 discussion. Actually, from my understanding, when we say 'there is no consensus on ....', it normally needs more like a balanced number of supporting or opposing companies. That is, it is fair to make a conclusion like 'Majority companies see the benefits of supporting multiple PRACH transmissions while minority companies claim otherwise'. Again, current proposed conclusion is already a very big compromise from majority.  Again, we really need to be more constructive and cooperative as a group! 

Proposed conclusion: RAN1 has not reached consensus on whether to or not to support multiple PRACH transmissions before the end of RAR for short PRACH format for FR2 in Rel-17; 10 companies see it as a beneficial direction to pursue whereas 3 others claim it is not necessary.


	Sharp
	We support to indicate the status of RAN1 discussion (i.e., the number of supporting companies and the number of opposing companies) at this stage to provide information possibly for drafting WID. Anyway, as a working group, RAN1 should indicate one of the candidate solutions (i.e., multiple PRACH transmission considering the discussion) as the most interested solution among all the candidate solutions identified in the study item since the PRACH is identified as a potential coverage bottleneck.

	Nokia/NSB
	We share the same view as Sharp. We also have the same understanding as FL on the“there is no consensus” part, which is the reason of the suggestion we made yesterday. If we do not add the information on the number of companies, we are implicitly saying that indeed the number of favorable companies and companies with concerns is expected to be similar (not necessarily close, but similar). This is what any reader would understand if the numbers are not provided, let’s not pretend otherwise, please. In this specific case, we have that the number of companies with a certain position is more than 3 times larger than the number of companies who do not share that position. It is just fair to capture this and clearly not constructive to oppose it.

	Ericsson
	I have to say we’ve provided responses to your repeated comments many times, but still we haven’t seen the concerns addressed.
Again, even if PRACH is proved to be a bottleneck, it doesn’t mean a specific technique“multiple PRACH transmissions before the end of RAR” should be further discussed. For PRACH enhancement, many other techniques can also be discussed in the study.
 
For the evaluation, baseline evaluation is used for bottleneck identification, it cannot be used to determine whether a specific technique is beneficial. You don’t have to copy those agreements which are related to FR1 FR2 baseline evaluation. Recommendation of a feature should be based on the study and technical analysis of feature.
From the beginning we’re debating on this single special technical, but the arguments from proponent companies are still that PRACH is a bottleneck, baseline of PRACH is simulated with agreed assumptions, majority’s interest, and all these are repeated many times and is even happening today causing endless discussions.
 
Based on the endless discussions, we don’t think we need any conclusion on a single specific feature“multiple PRACH transmissions before the end of RAR” which has also been rejected in R15 and R16 for the concerns not addressed either in this study, given strong concerns from at least 3 companies not addressed.
If we really want to conclude something for PRACH enh., it can be whether PRACH enhancement is needed in general, which can be said that it has no conclusion in RAN1. So we propose:
Proposed conclusion: 
RAN1 has not reached consensus on whether to or not to support PRACH enhancement in Rel-17

Could anyone clarify on why we only make conclusion on single solution instead of concluding PRACH enh. in  general covering all the possible solutions already captured in the observation in below agreements and also any other potential enhancements?
Since the conclusion is for PRACH enhancement, we should make a conclusion in general given the situation in RAN1, i.e. the conclusion below:
Proposed conclusion: 
RAN1 has not reached consensus on whether to or not to support PRACH enhancement in Rel-17.

Agreements :Capture the followings into the TR
PRACH enhancements were studied from several aspects, includingmultiple PRACH transmissions with the same beam, multiple PRACH transmissions with different beams, and PRACH enhancements with finer beam.
Potential specification impacts of multiple PRACH transmissions include:
·       For multiple PRACH transmissions with the same transmission beam and multiple PRACH transmissions with different transmission beams,
mechanism on triggering/initiating multiple PRACH transmissions,
determination of number of transmissions and transmission pattern,
differentiation between enhanced UE and legacy UE and
possible collision handling between PRACH transmission with and without multiple PRACH transmissions.
·       Only for multiple PRACH transmissions with different transmission beams,
transmission beam to be used for each initial transmission and
beam determination for the following steps in RACH procedure.
Potential specification impacts of PRACH enhancements with finer beam include finer beam forPRACH based on CSI-RS resources configured during initial access.


	Samsung
	      If you really have participated the email discussion, you will know.
     You have pasted the agreements on the what has been studied, 3 items are studied, 2 are multiple PRACH, 1 is finer beam which is only supported by minority company, so FL did not recommend it in final proposal. So multiple PRACH is as the majority company supported direction with respect to the PRACH which is identified as bottle-neck channel. This is very basic logic in this email discussion, if you did not get this logic, I feel sad  and wonde whether you really understand what this email thread is discussing.
     
     Anyway, let's focus on the FL suggested proposal:


	FL
	
Proposal 24-rev-2: To include the following recommendations in the TR:
For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
Enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.

Supported by: ZTE, Intel, Samsung, OPPO, Sony, InterDigital, Qualcomm, Nokia, Potevio, Panasonic, Sharp
Not supported by: Ericsson, vivo, Huawei/HiSilicon



8. Agreements
Agreements : Capture the followings into the TR.
· PUCCH repetition carrying HARQ-ACK for Msg4 was studied. Potential specification impacts include related signaling design, differentiation between enhanced UE and legacy UE. 

Agreements : Capture the followings into the TR
· Beam reporting during initial/random access procedure was studied from several aspects, including the best SSB, alternative SSB beam and early CSI report in Msg3 PUSCH. Potential specification impacts include signaling design in Msg3 PUSCH, CSI-RS resources configured during initial access, beam indication for the following steps for RACH procedure. 

Agreements : Capture the followings into the TR
· PRACH enhancements were studied from several aspects, including multiple PRACH transmissions with the same beam, multiple PRACH transmissions with different beams, and PRACH enhancements with finer beam. 
· Potential specification impacts of multiple PRACH transmissions include:
· For multiple PRACH transmissions with the same transmission beam and multiple PRACH transmissions with different transmission beams,
· mechanism on triggering/initiating multiple PRACH transmissions, 
· determination of number of transmissions and transmission pattern, 
· differentiation between enhanced UE and legacy UE and
· possible collision handling between PRACH transmission with and without multiple PRACH transmissions. 
· Only for multiple PRACH transmissions with different transmission beams,
· transmission beam to be used for each initial transmission and
· beam determination for the following steps in RACH procedure. 
· Potential specification impacts of PRACH enhancements with finer beam include finer beam for PRACH based on CSI-RS resources configured during initial access.

Agreements : Capture the followings into the TR
Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration.

Agreements : Capture the followings into the TR
· Msg4 PDSCH enhancements were studied from several aspects, including introducing early CSI on Msg3 PUSCH for early link adaptation , scaling factor for TBS determination and PDSCH repetition.
· Potential specification impacts of early CSI on Msg3 PUSCH for early link adaptation include:
· CSI-RS resources configured during initial access.
· Potential specification impacts of scaling factor for TBS determination include:
· TBS determination.
· Potential specification impacts of PDSCH repetition include:
·  PDSCH repetition configuration, DMRS design among PDSCH repetitions. 

Agreements : Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
· Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
· Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.
· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
· Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· Implicit indication mechanism, e.g., determined by Msg3 initial transmission.
· Potential specification impacts of the repetition type include:
· Introducing PUSCH repetition Type A.
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 

Agreements : Capture the followings into the TR
Power domain-based solutions were studied for Msg3 PUSCH, including pi/2 BPSK waveform using DFT-s-OFDM and power control enhancements. 
· Potential specification impacts of pi/2 BPSK waveform using DFT-s-OFDM include defining the usage of pi/2 BPSK modulation for Msg3 and either explicit or implicit power boosting based on the Msg3 time domain resource allocation. 
· Potential specification impacts of power control enhancements include configuration of multiple sets of power control parameters.

Agreements : Capture the followings into the TR
A-CSI repetition on PUSCH was studied. Potential specification impacts include mechanism to determine A-CSI repetitions on PUSCH, e.g. A-CSI request and/or repetition factor in UL DCI, one A-CSI in each PUSCH repetition, and PUSCH repetition type A.  

Agreements : Capture the followings into the TR
A-CSI on PUCCH to allow A-CSI repetition was studied. Potential specification impacts include 
· mechanism to determine the repetition of A-CSI PUCCH, e.g. CSI request and/or repetition factor in the downlink DCI, configuration of repetition levels per PUCCH resource, and related timeline, 
· mechanism for the PUCCH resource determination, e.g. based on existing PUCCH resource configuration framework in DL DCI (i.e., DCI format 1_0, 1_1, 1_2), existing PUCCH formats that can carry CSI.
· [bookmark: _GoBack]RS resource for CSI measurement (e.g. aperiodic CSI-RS, DMRS)

Agreements : Capture the followings into the TR
Spatial domain based solutions were studied from several aspects for Msg3 PUSCH, including spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission and open-loop transmission diversity.
· Potential specification impacts of spatial filter setting between PRACH transmission and corresponding Msg3 PUSCH transmission include specifying the same spatial filter between PRACH transmission and corresponding Msg3 PUSCH transmission, mechanism to differentiate enhanced UE and legacy UE.
· Potential specification impacts of open-loop transmission diversity include, mechanism to indicate support of transmission diversity for Msg3 PUSCH with DFT-s-OFDM, mechanism to differentiate enhanced UE and legacy UE, mechanism to determine the precoder cycling pattern during random access procedure, e.g. on different Msg3 PUSCH repetitions.

Agreements :  Capture the followings into the TR
UE awareness of paired orthogonally polarized SSBs has been studied. Potential specification impacts of dual polarized SSBs with the same spatial filter setting include mechanisms to ensure UE awareness of polarization properties of SSBs, e.g., communication of paired SSB indices associated with the same spatial filtering and different polarizations, to the UE.

Agreements : Capture the followings into the TR
Compact DCI and PDCCH-less for broadcast PDCCH were studied for broadcast PDCCH. 
· Potential specification impacts of compact DCI include mechanism for DCI bit field design for fallback DCI.
· Potential specification impacts of PDCCH-less include the mechanism to indicate the scheduling information for broadcast PDSCH carrying SIB messages. 

Agreements : Capture the following observations into the TR
Observation 1: 
Nine sources ([ZTE], [Intel], [NTT DOCOMO], [CMCC], [vivo], [Ericsson], [Nokia/NSB], [Huawei, HiSilicon], [Apple]) evaluated the performance of enhancements on Msg3 repetition.
· Eight sources show about 2 dB gain when the number of repetitions is doubled in FR1. 
· One source shows 4.27 dB gain when the number of repetitions is increased to 8 in FR2. 
· One source shows 1.1~1.75 dB gain when performing cross-slot channel estimation among 2 repetitions. 
· One source shows 0.5~1.07 dB gain when performing cross-slot channel estimation among 4 repetitions. 
· One source shows 3.8 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and no intra-slot hopping.
· One source shows 3.2 dB gain with 2 repetitions and inter-slot hopping comparing with no repetition and intra-slot hopping.
Observation 2: 
One source ([IITH, IITM, CEWIT, Reliance Jio, Tejas Networks]) evaluated the performance of power boosting using pi/2 BPSK waveform for Msg3 and shows 3 dB gain for UL duty cycle lower than 50% and 6 dB gain for UL duty cycle lower than 25%.
Observation 3: 
Three sources ([ZTE],[NTT DOCOMO], [Qualcomm]) evaluated the performance of enhancements on PDCCH repetition.
· Two sources show 2 dB gain and one source shows 2.8~3.1 dB gain when the number of repetitions is increased to 2. 
· One source shows 4~5.8 dB gain and one source shows 4 dB gain when the number of repetitions is increased to 4. 
· One source shows about 3dB and 6dB gain if DMRS bundling is considered for 2 and 4 repetitions respectively.  
Observation 4: 
One source [[NTT DOCOMO]] evaluated the performance of compact DCI and shows 1.5 dB gain if the number of DCI payload size is reduced from 40 bits to 20 bits.
Observation 5: 
One source ([ZTE]) evaluated the performance of increasing the number of SSBs and shows 1.84 dB gain when the number of SSBs is increased from 4 to 8 at 700MHz in rural scenario. 
Observation 6-rev1: 
Two sources ([ZTE], [Nokia/NSB]) evaluated the performance of PRACH enhancements. 
· One source ([ZTE]) shows 3.7 dB and 5.2 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 4 GHz in urban scenario. 
· One source ([ZTE]) shows 1.7 dB and 3.7 dB gain when performing 2 and 4 PRACH transmissions with the same transmission beam respectively at 28 GHz in urban scenario. 
· One source ([Nokia/NSB])) shows 2 dB gain when performing 2 PRACH transmissions with different transmission beams at 2 GHz in rural scenario.
· One source ([Nokia/NSB]) shows 2 dB and 4.7 dB gain when performing 2 and 4 PRACH transmissions with different transmission beams respectively at 28 GHz in urban scenario. 
Observation 7: 
· One source ([ZTE]) evaluated the performance of PUCCH repetition with HARQ-ACK for Msg4 and shows 3 dB and 6 dB gain when the number repetitions is increased to 2 and 4 respectively at 2 GHz in rural scenario.
Observation 8: 
· One source ([Ericsson]) evaluated the performance of A-CSI repetition on PUSCH and shows 4 dB gain for 8 repetitions with 11 bits CSI at 10% BLER target at 4GHz. 
Reference
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Appendix
Agreements achieved in the RAN1#102-e meeting.
	Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.

Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 

Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

Agreements:
· Capture the following structure in TR 38.830.
6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
6.3.1 	Enhancements for Msg3 PUSCH
6.3.2 	Others
· Note: The above structure can be further updated by adding more sections under section 6.3 for other enhancements if justified.  
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