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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
This document summarizes the key issues discussed under agenda item 7.2.6.2 based on the views expressed in the contributions submitted to this agenda. The agreements related to Layer 1 enhancements achieved in the previous meetings are listed in Appendix A.
PDCCH enhancements  
Many companies have provided analysis and/or evaluation to study PDCCH enhancements [1][2][4][5][6][7][8][10][12][14][15][16][17][18][19][21][22][23][25][26][28][29][30][31][33], mainly focus on PDCCH evaluation, compact DCI, PDCCH repetition and increased PDCCH monitoring capability. 
PDCCH evaluation 
The new Rel-16 SI on URLLC has defined much more stringent requirements (Higher reliability up to 1E-6 level) for the new identified use-cases such as Factory automation, Transport Industry, and Electrical Power Distribution. Especially, one big difference from Rel-15 is that the requirement to support multiple users. In the RAN1#94 meeting, it was agreed to further evaluate PDCCH reliability and PDCCH blocking.
  PDCCH reliability 
[bookmark: OLE_LINK1]As discussed in contributions submitted to section 7.2.6.1, for some use cases, e.g. remote driving and differential protection, the requirement of reliability is 99.999%, while for some other use cases, e.g. factory automation, the requirement of reliability is 99.9999%. The evaluation of PDCCH reliability should consider the requirement of reliability for the identified use cases.     
Some companies have provided some initial evaluations on the PDCCH reliability [1][6][7][16][33].
	Contribution [Huawei, R1-1810157] 
 
Figure 1 Evaluation results for PDCCH reliability with SCS 30 kHz

Figure 2 Evaluation results for PDCCH reliability with SCS 60 kHz
Table 1 – Required AL for 30/60 kHz SCS, UE speed 60 km/h and identified SINR at the 5th percentile SINR CDF
	Channel
	UE speed
	SINR [dB]
	Required AL
for BLER 1e-5

	TDL-C,60kHz
	60km/h
	-4 (UMA Rel-15)
	8

	
	
	-2.5 (ITU)
	8

	
	
	-2 (Urban Grid))
	4

	TDL-C,30kHz
	60km/h
	-4 (UMA Rel-15)
	8

	
	
	-2.5 (ITU)
	8

	
	
	-2 (Urban Grid))
	4



Observation 1: The single user PDCCH reliability requirement of 99.999% can be fulfilled with Rel-15 technology by using the payload size of 40 bits and AL16.  



	Contribution [Vivo, R1-1810395]
[image: ]
(1) 4GHz frequency
[image: ]
(2)700MHz frequency
Figure1 PDCCH link level performance for Rel-16 URLLC
Table 1a The required SINR[dB] corresponding to BLER target in link simulation(TDL-C, DS=300ns, AL=16CCE)
	4GHz 
	Target BLER[dB]
	40bits
	24 bits
	15 bits

	
	10-5
	-6.203
	-7.118
	-7.748

	
	10-6
	-5.829
	-6.748
	-7.395



	700MHz 
	Target BLER[dB]
	40bits
	24 bits
	15 bits

	
	10-5
	-2.172
	-3.219
	-3.757

	
	10-6
	-1.693
	-2.752
	-3.274



Table 1b  The required SINR[dB] for 5% geometry in system level simulation
	Frequency
	5th% SINR[dB]

	4GHz
	-2.696

	700MHz
	-1.729



Observation 1: For 700MHz with 2 Rx at UE, the PDCCH cannot meet BLER 10-6 requirement.



	Contribution [Ericsson, R1-1811109]
[image: ]
Figure 1: TDL-C 300ns, 40 MHz, 4GHz, 4Rx antennas, 1os
[image: ]
Figure 2: TDL-C 300ns, 40 MHz, 4GHz, 4Rx antennas, 2os
Table 2: SNR required (dB) to achieve 10-5 BLER target
	Assumption
	AL16

	
	40b
	30b
	24b

	4GHz, 4Rx, TDL-C 300ns, 1os
	-6.86
	-7.18
	-7.34

	4GHz, 4Rx, TDL-C 300ns, 2os
	-6.72
	-7
	-7.26



[bookmark: _Toc509832033][bookmark: _Toc510080359][bookmark: _Toc510632109][bookmark: _Toc510690113][bookmark: _Toc510700885][bookmark: _Toc510701044][bookmark: _Toc510774011][bookmark: _Toc510775986][bookmark: _Toc510788396][bookmark: _Toc525217037][bookmark: _Toc525220322][bookmark: _Toc525657378][bookmark: _Toc525658458][bookmark: _Toc525721074][bookmark: _Toc525821505][bookmark: _Toc525830311][bookmark: _Toc525831720][bookmark: _Toc525832654][bookmark: _Toc525832853][bookmark: _Toc525926653][bookmark: _Toc525943999]Existing NR PDCCH design provides sufficient performance for macro scenario, e.g., BLER =10-5 of fallback DCI (40 bits) with AL16 can be achieved at SNR much lower than the corresponding Q-value. 



	Contribution [Intel, R1-1810785]
[image: ]
[bookmark: _Ref525733811]Figure 1. PDCCH BLER evaluation results (simulation assumptions are tabled in Annex-B)
[image: cid:image002.png@01D45651.BBB77850]
Figure 4. DL geometry SINR CDF, for new scenarios being defined in eURLLC.




	Contribution [MediaTek, R1-1810463]
Figure 1 shows the performance of NR PDCCH for carrier frequency 700MHz and 4GHz. We can observe from the figures that, for the current DCI payloads (about 37 bits for fall-back DCI) and for carrier frequency 700MHz, NR PDCCH doesn’t meet the reliability requirements of URLLC at SNR -3 dB (2-symbol CORESET, SCS 30KHz, TDL-A channel delay spread 30ns). This shows that aggregation level 16 is not sufficient to meet the URLLC control channel reliability. 
Observation 3: For carrier frequency 700MHz with 2 Rx at the UE side, the current NR-PDCCH cannot meet the reliability requirement of 5*10-7at SNR -3dB even with highest AL.
	[image: ]     
	[image: ]






Based on the above inputs, we can get the following observations:
Observation 2-1: For carrier frequency 700MHz with 2 Rx at the UE side, Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) may not be able to meet the reliability of 99.9999% or higher.
Observation 2-2: For carrier frequency 4 GHz with 4 Rx at the UE side, Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999%.
The evaluation on PDCCH reliability is meaningful and the observations can give some guidance for the potential enhancements. The above observations should be captured in the TR 38.824.  

Proposal 2-1: Capture the following observations in TR 38.824:
· For carrier frequency 700MHz with 2 Rx at the UE side, Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) may not be able to meet the reliability of 99.9999% or higher. 
· For carrier frequency 4 GHz with 4 Rx at the UE side, Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999%.
As defined in the SID, Rel-16 URLLC should consider both FR1 and FR2 as well as TDD and FDD. Based on the above observations, though PDCCH reliability can be met for 4 GHz, but seems not be able to meet the requirement for 700 MHz. Therefore, some PDCCH enhancements for improving PDCCH reliability would be needed.     
Proposal 2-2: Study potential PDCCH enhancements for improving PDCCH reliability for Rel-16 URLLC. 

  PDCCH blocking 
Some companies have provided some initial evaluations and/or analysis on the PDCCH blocking [1][2][10][22][26].
	Contribution [Huawei, R1-1810157] 
 Table 3 the ratio of UEs satisfying the 1ms latency and PDCCH blocking smaller than 1e-5 
	Use case
	SCS
	BLER
	UE number

	
	
	
	10
	15
	20
	30

	V2X
	30
	10^-5
	80%
	73.33%
	60%
	50%

	
	60
	10^-5
	70%
	66.67%
	60%
	36.67%


Observation: Even for a moderate number of users, only a certain percentage of UEs could meet the requirement of PDCCH blocking probability smaller than 1e-5, e.g. for 30 kHz SCS and 10 configured users, only 80% of the UEs could meet the requirement.   



	Contribution [Ericsson, R1-1811109] 
Blocking probability is computed based on the AL distribution and search space design, assuming: 
· each UE is scheduled with one DCI and 
· all UEs are scheduled simultaneously and 
· the number of PDCCH candidates for each AL 1, 2, 4, 8, 16 are 8, 8, 4, 2, 1, respectively.
[image: ]
Figure 4: Blocking probability as a function of DCI size, number of UEs, and CORESET sizes
[bookmark: _Toc525657380][bookmark: _Toc525658460][bookmark: _Toc525721076][bookmark: _Toc525821507][bookmark: _Toc525830313][bookmark: _Toc525831722][bookmark: _Toc525832656][bookmark: _Toc525832855][bookmark: _Toc525926655][bookmark: _Toc525944001]Blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic. 



	Contribution [CATT, R1-1810551] 
Even if configured grants are employed to reduce the PDCCH overhead, PDCCH monitoring for DL scheduling can become a bottleneck as the required PDCCH capacity increases with XA actuators and the AL distribution. Table 1 shows the number of PDCCH monitoring occasions for a 40MHz system BW with 1-symbol CORESET duration and two different values for the number of actuators. Note that even higher values of the number of UEs in a cell were proposed in the email discussion of [94-NR-06].
[bookmark: _Ref525746007]Table 1 Number of PDCCH monitoring occasions required for half a cycle in motion control for 1-symbol CORESET and average AL usage of 8 CCEs
	Number of actuators
	SCS (KHz)
	CORESET BW (RBs)
	PDCCH capacity

	
	
	
	CCEs
	Monitoring occasions per 0.5ms

	4
	30
	106
	32
	2

	
	60
	51
	
	4

	10
	30
	106
	80
	5

	
	60
	51
	
	10


 
It can be seen in Table 1 that the PDCCH overhead quickly becomes a limiting factor for system operation just for DL-only scheduling.   



	Contribution [NTT DOCOMO, R1-1811378] 
As can be seen in Figure 4, with 3 or 4 DCIs per CORESET in the same PDCCH monitoring occasion, the PDCCH blocking probability cannot be lower than 10-2 for 4 GHz.
[image: ]
Fig. 4	PDCCH blocking probability.
Proposal 4:
· Make more progress on traffic models and UE density in the cell, before concluding whether the PDCCH blocking probability is a critical problem.



Based on the above evaluation results and analysis, we can get the following observations:
Observation 2-3: PDCCH blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic model. 
Observation 2-4: When the number of users per cell is 2 to 10, PDCCH blocking probability could be higher than 1e-5. PDCCH blocking probability becomes worse with the increase of number of users.  

Proposal 2-3: Capture the following observations in TR 38.824:  
· PDCCH blocking probability depends on several parameters such as CORESET size, number of UEs, and traffic model. 
· When the number of users per cell is 2 to 10, PDCCH blocking probability could be higher than 1e-5. PDCCH blocking probability becomes worse with the increase of number of users.
Based on the discussion in the contributions and the above observations, it can be observed that some tools/mechanisms are needed to address the PDCCH blocking (e.g. compact DCI, PDCCH repetition, spending more resources on control). However, as DOCOMO mentioned that whether it is a critical problem depends on the traffic model and UE density.  More discussion is needed on the impact from PDCCH blocking and which tools would be most suited to mitigate PDCCH blocking (if needed). In addition, InterDigital (R1-1811218) proposed adaptive PDCCH blind detection to address the PDCCH blocking issue.
Proposal 2-4: Further study the impact from PDCCH blocking and the potential PDCCH enhancements to reduce the PDCCH blocking. The following enhancements can be considered:   
· Compact DCI
· PDCCH repetition 
· Increased PDCCH monitoring capability 
· Adaptive PDCCH blind detection 

Compact DCI
Many companies have provided analysis and/or evaluations to study the potential benefits of compact DCI [1][5][6][7][10][15][17][28][30][31], the observed benefits including potential improving reliability, reducing PDCCH blocking and being a tool for traffic differentiation. However, some companies also shared the view that compact DCI is not needed because there are concerns on the scheduling restriction and increased UE complexity for blind decodes for some UEs [2][4][8][12][18][23][26]. According to the feature lead summary from Rel-15 NR URLLC of company evaluation results, a reduction of 10 bits can achieve 0.4~1dB gain for higher aggregation level (e.g. AL=8). In addition, several companies expressed the view that if compact DCI supported then targeting a reduction of 10-15 bits sounds reasonable. 
In addition, several companies [23, Qualcomm][18, ETRI][26, NTT DOCOMO] shared the view that a URLLC specific DCI would be needed regardless of the payload. Some companies [4, LG][12, Sony][17, Samsung][19, OPPO] shared similar view that change of DCI fields for URLLC should be checked first and Samsung prefer configurable DCI size. 
Observation 2-5: Compact DCI may show benefits for improving reliability and reducing blocking. However, there are concerns on scheduling restrictions and increased UE complexity for BD for some UEs.
It can be observed that a common point for all companies is that a URLLC specific DCI would be needed, while different views on the potential DCI size. Therefore, maybe we can try the following tentative proposal for some progress:   

Proposal 2-5: Support URLLC specific DCI for Rel-16 NR URLLC.
· Further study DCI payload size
· Option 1: Target a reduction of 10-15 bits compared to Rel-15 fallback DCI
· Option 2: Align with existing DCI format
· Option 3: Support configurable DCI size 
· Further study necessary change of DCI fields  

PDCCH repetition
Many companies have provided analysis to study the potential benefits of PDCCH repetition [1, Huawei][4, LG][5, ZTE][8, Panasonic][14, Nokia][16, Intel][21, Mitsubishi][25, Motorola][26, NTT DOCOMO][31, CAICT], the observed benefits including potential improving reliability and reducing PDCCH blocking. However, there are concerns on the need of PDCCH repetition and the increased UE complexity for blind decodes for some UEs and may increase the latency [6, Vivo][12, Sony][17, Samsung][23, Qualcomm][28, Spreadtrum][29, Xiaomi]. 
Observation 2-6: PDCCH repetition may show benefits improving reliability and reducing PDCCH blocking. However, there are concerns on increasing latency and blind decoding.
In addition, several companies expressed the view that PDCCH repetition should consider different transmission assumptions and configurations (e.g. time/frequency resource, TCI/QCL/TRP assumptions, etc.). And it can be observed that the concern on PDCCH repetition may be based on different assumptions of PDCCH repetition. Therefore, for progress maybe we can try to discuss the potential PDCCH repetition mechanisms first and then further check the pros and cons based on the more convergent PDCCH repetition mechanisms. For this purpose, maybe we can try the following tentative proposals:
Proposal 2-6: Further study the following options for PDCCH repetition considering aspects like UE complexity, decoding performance, scheduling flexibility and latency.
· Option 1: Support PDCCH repetition in time-domain
· Option 2: Support PDCCH repetition in frequency-domain
· Option 3: Support PDCCH repetition in both time-domain and frequency-domain

Proposal 2-7: Further study the following options for PDCCH repetition considering aspects like UE complexity, decoding performance, scheduling flexibility and latency.
· Option 1: Different PDCCHs schedule the same PDSCH
· Option 2: Different PDCCHs schedule their own PDSCH

Proposal 2-8: Further study the following options for PDCCH repetition considering aspects like UE complexity, decoding performance, scheduling flexibility and latency.
· Option 1: Support combination of different PDCCHs
· Option 2: Combination of different PDCCHs is not supported

Increased PDCCH monitoring capability 
Several companies have provided analysis to study the potential benefits of increased PDCCH monitoring capability [2, Ericsson][4, LGE][6, Vivo][19, OPPO][21, Mitubishi], the observed benefits including potential reducing latency. However, there are concerns on the increased UE complexity and power consumption [1, Huawei][17, Samsung][31, CAICT]. In addition, three companies [16, Intel][22, InterDigital][23, Qualcomm] feel the necessity needs to be further studied and the view seems not that clear from several other companies [7, MediaTek][10, CATT] [26, NTT DOCOMO].  
Observation 2-7: Increasing the limit of the number of CCEs/BDs may reduce latency. However, there is concern on increasing UE complexity and power consumption. 
Proposal 2-9: Further study and evaluate increasing the limit of the number of CCEs/BDs for Rel-16 NR URLLC.

UCI enhancements  
Some progress was achieved on UCI enhancements in RAN1#94 meeting with the related agreements shown in Appendix A. 
Enhanced HARQ feedback
Based on the contributions, enhanced HARQ feedback are studied from several aspects, including enabling more than one PUCCH for HARQ-ACK transmission within a slot and enabling enhanced reporting procedure/feedback for HARQ-ACK.
More than one PUCCH for HARQ-ACK transmission within a slot
Many companies discussed supporting more than one PUCCH for HARQ-ACK transmission within a slot  [1, Huawei][2, Ericsson][4, LG][5, ZTE][7, MediaTek][8, Pansonic][10, CATT][11, Fujitsu][12, Sony][14, Nokia][16, Intel][17, Samsung][22, InterDigital][23, Qualcomm][24, China Telecom][26, NTT DOCOMO][27, III][28, Spreadtrum][31, CAICT][30, Sequans]. Specifically, some companies provide views on how to enable more than one PUCCH for HARQ-ACK within a slot as follows:
· Separate HARQ-ACK feedback/resource/codebook for URLLC and eMBB: Huawei, Nokia, InterDigital, DOCOMO, OPPO, III, China Telecom
· Finer K1 indication: Huawei, LGE, CATT, Fujitsu, Sony, Intel, Samsung, DOCOMO, Spreadtrum, Vivo, Qualcomm
· Multiple HARQ-ACK codebooks within a slot by explicit indicator/higher layer configuration/implicit segmentation: MediaTek, CATT, Qualcomm, CAICT, Huawei
· Configuring more PUCCH resource with additional PRI bits: ZTE
In addition, another issue discussed in contributions is whether or not to differentiate UCI transmissions corresponding to eMBB and URLLC in PHY layer. This is a key question which would have significant impacts on most of issues covered in this study item such as how to enable more than one PUCCH for HARQ-ACK within a slot and how to handle UCI multiplexing for overlapped UL channels. Some of companies showed their views on this issue as follows.
   Need of differentiation between eMBB and URLLC in PHY layer: CATT, InterDigital, OPPO, LGE, China Telecom 
Based on the above inputs and summary, the following proposals are suggested: 
Proposal 3-1: Further study how to differentiate eMBB and URLLC in physical layer.

Proposal 3-2: Further study the benefits/feasibilities of at least the following potential techniques to enable more than one PUCCH for HARQ-ACK transmission within a slot: 
· Finer K1 (i.e. PDSCH-to-HARQ timing) indication
· Separate HARQ-ACK feedback/resource/codebook for eMBB and URLLC
· Support more than one HARQ-ACK codebook within a slot by explicit indicator/higher layer configuration/implicit segmentation 

Enhanced reporting procedure/feedback for HARQ-ACK
Several companies shared the considerations on enhanced UCI (e.g. HARQ-ACK) multiplexing on PUSCH and/or PUCCH in order to guarantee latency and/or reliability of UCI related to URLLC traffic. 
   Beta offset smaller than 1.0: Ericsson [2], Panasonic [8], CATT [10], Fujitsu [11], Samsung [17], InterDigital [22], Huawei [35] 
   Deprioritizing UCI/UL channel related to eMBB by puncturing/dropping: Panasonic [6], Fujitsu [8], Huawei [35]
   Simultaneous transmissions of PUCCH and PUSCH: Samsung [12], CAICT [17]
Based on the above inputs and summary, the following proposals are suggested: 
Proposal 3-3: Further study the benefits/feasibilities of at least the following potential techniques to enable enhanced UCI multiplexing on PUSCH and/or PUCCH: 
· Beta offset smaller than 1
· De-prioritizing UCI/UL channel for eMBB by puncturing/dropping 
· Simultaneous transmissions of PUCCH and PUSCH  

CSI enhancements 
Some companies have provided analysis and/or evaluation to study the potential benefits/motivations of CSI enhancement [1, Huawei][5, ZTE] [15, AT&T][16, Intel] [18, ETRI][19, OPPO] [23, Qualcomm][26, DOCOMO] [36, Ericsson] [37, Nokia], while Samsung [17] shared the views that CSI enhancements are not needed for Rel-16 URLLC and CATT [10] feel the gain from aperiodic CSI on PUCCH is not so significant. In Rel-15, it was agreed to support aperiodic CSI on PUCCH and [16][5][19][23][26][36][37][38] further provided the analysis to study the potential benefits including providing on demand fast CSI feedback which may have lower overhead and better performance than P-CSI/SP-CSI for URLLC. As to CSI measurement, DMRS-based (e.g. control DMRS or PDSCH DMRS) CSI measurement or CSI measurement based on data was analyzed and evaluated in [15][23][37][38] to enable faster CSI feedback. Also CSI triggering and reporting were discussed in [23][26][36][37][38].
Observation 3-1: A-CSI on short PUCCH provides on demand fast feedback which may have lower overhead and better performance than P-CSI/SP-CSI for URLLC.  
Based on this observation, it seems further evaluation on the benefits of enhanced CSI feedback is needed. Meanwhile, further discussion and clarification on the proposed enhanced CSI feedback mechanisms are needed also.  
Proposal 3-4: Further study the following CSI enhancements:
· Further evaluate the benefits for the potential enhancements, e.g. by system-level and/or link-level simulation considering the overhead 
· Enhanced CSI measurement 
· CSI measurement mechanisms:  
· Option 1: DMRS-based (e.g. control DMRS or PDSCH DMRS) CSI measurement 
· Option 2: DL-SCH data based CSI measurement 
· Option 3: Support both DMRS-based and DL-SCH data measurement, which one to use is up to UE implementation
· CSI measurement triggering, e.g. by DL assignment   
· A-CSI on PUCCH 
· Triggering mechanisms 
· Option 1: A-CSI on PUCCH is triggered by DL assignment
· Option 2: A-CSI on PUCCH is triggered by UL grant
· Option 3: A-CSI on PUCCH is triggered by either DL assignment or UL grant
· Option 4: A-CSI on PUCCH is triggered by group-common DCI
· Option 5: A-CSI on PUCCH is triggered implicitly, e.g. when data is decoded unsuccessfully 
· Reporting mechanism 
· Option 1: Separate reporting of A-CSI and HARQ-ACK
· FFS resource and timing indication mechanisms 
· Option 2: Joint report of A-CSI and HARQ-ACK   
· Enhanced CSI reporting mode, e.g. wideband CQI+ the worst-M subbands CQI

Power control enhancements related to UCI transmission 
Some proposals and observations related to UL power control have provided, which can be listed up as follows.
   UL power control parameters (e.g., P0, alpha, pathloss reference, etc) depending on explicit indication or implicit association: Ericsson [2], InterDigital [39], VIVO [40]
Proposal 3-5: Further study the necessity of enhancements to URLLC-specific UL power control parameters. 

PUSCH enhancements  
Mini-slot based repetition and retransmission  
Some companies have provided analysis to study the potential benefits of mini-slot level repetition [1, Huawei][4, LG][5, ZTE][6, Vivo][8, Panasonic][14, Nokia][15, AT&T][16, Intel][23, Qualcomm][25, Motorola][29, DOCOMO][31, CAICT]. The main motivation to support mini-slot based repetition and retransmission is to reduce the latency and reliability, since it was observed that slot-based PUSCH repetition and retransmission is not applicable to the use cases with low latency (e.g. less than 1 ms) and high reliability (e.g. 1e^-6) under some certain subcarrier spacing (e.g. 15 kHz). Especially, DOCOMO provides some evaluation results on the improved reliability.
	Contribution [DOCOMO, 1378]
[image: ]  [image: ]
Fig. 10	PUSCH BLER performances



Based on the contribution, common understanding is it is beneficial to support mini-slot repetitions within a slot. According to submitted contributions, to support mini-slot based repetition/retransmission, some companies provide views on some potential main mechanisms to study as below:
· Repetition pattern (contiguous repetitions or non-contiguous repetition with gap): Huawei, DOCOMO,  Intel, Nokia, Panasonic, LG, ZTE  
· Frequency hopping (e.g. inter repetition hopping or intra repetition hopping): Huawei, Nokia, Pansonic, DOCOMO, Vivo, Qualcomm 
· Whether to support one repetition crossing slot boundary or not: Huawei, NTT DCM, ZTE, Vivo, Ericsson
· Ensuring K repetitions within more than one slot if needed (e.g. same time-domain resource or different time-domain resource, impact of SFI): Huawei, LG, Intel, Vivo, ZTE
· DMRS sharing: Huawei, Panasonic 
· Indication of the number of repetitions (e.g. indicate by DCI or by RNTI): Nokia, LG, Intel, Ericsson
· Multi-TRP based repetition: DOCOMO, Motorola, InterDigital, ETRI, Intel, Huawei, CATT
· BWP hopping for repetition/retransmission: Intel, Panasonic
· Multiple active BWP: Sony, Huawei
· Frequency hopping for a code block: AT&T (applied to slot-based also)

Observation 4-1: Mini-slot based repetition within one slot for grant based PUSCH has benefits to reduce latency compared to Rel-15 slot-based repetition. 

Observation 4-2: Mini-slot based repetition within one slot for grant based PUSCH can enable lower code rate to meet the 1e-6 BLER target using Rel-15 MCS tables within the latency budget.
Check the following questions before confirming the above observation 4-2: 
1. Whether the lowest spectral efficiency can be achieved based on Rel-15 MCS table?
1. Whether 1e-6 BLER target can be achieved by Rel-15 MCS table?

Offline outcome from Friday morning offline session:
Proposal: One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
Proposal 4-1: For enhanced grant-based PUSCH transmission, study
· Whether/how to support mini-slot based repetitions within a slot and/or across the slot boundary
· Repetition pattern
· Option 1: Contiguous repetitions 
· Option 2: Non-contiguous repetitions  
· Frequency hopping
· Indication of the number of repetitions
· Indication of slot-based repetition and/or mini-slot based repetition 
· Handling repetitions when UL occasion is not available including interaction with slot format determination.
· Other mechanisms are not precluded
· Study the benefits of mini-slot based repetition taking into account: 
· Whether the lowest spectral efficiency can be achieved based on Rel-15 MCS table?
· Whether 1e-6 BLER target can be achieved by Rel-15 MCS table?

Enhancements to scheduling/HARQ/CSI processing timeline
Support of out-of-order HARQ-ACK feedback  
Some companies have provided analysis to study the potential benefits of supporting out-of-order HARQ-ACK [1, Huawei][17, Samsung][14, Nokia][20, CMCC][26, NTT DOCOMO][27, III]. The main motivation to support out-of-order HARQ-ACK is to reduce the latency. Specifically, to support out-of-order HARQ-ACK, the UE can have the following behavior:
· For each HARQ process ID, the UE can receive a scheduled unicast PDSCH transmission with the same HARQ process ID before the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID.
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE can be triggered to send the HARQ-ACK for B before the HARQ-ACK for A.
· For any two HARQ process IDs A and B for a given cell, if the DL/UL grant scheduling unicast PDSCH/PUSCH transmission A comes before (in time) the DL/UL grant scheduling unicast PUSCH transmission B, UE can be scheduled such that PDSCH/PUSCH for B is before the PDSCH/PUSCH for A.
One company mentioned it would have impact on PDSCH decoding. To support out-of-order HARQ-ACK feedback, CMCC mentioned some power control enhancements may be needed. III mentioned that UE can dismiss early received eMBB PDSCH and transmit NACK or DTX at the assigned PUCCH resource if  out-of-order HARQ-ACK triggered and modification of eMBB processing time may be needed.
Observation 5-1: Support of out-of-order HARQ-ACK may have benefits to reduce latency.  
Proposal 6-1: Study how to support out-of-order HARQ-ACK for Rel-16 NR URLLC. 
Enhanced UE processing time for N1/N2  
Some companies have provided analysis to study the potential benefits of enhanced UE processing time for N1/N2 [2, Ericsson][9, Fraunhofer HHI][16, Intel][17, Samsung][23, Qualcomm]. The main motivation to support enhanced UE processing time for N1/N2 is to reduce latency. 
Observation 5-2: Enhanced UE processing time for N1/N2 may have benefits to reduce latency.  
Proposal 5-2: Further study the benefits/feasibilities/specification impacts of enhanced UE processing time for N1/N2. 
Enhanced CSI processing time 
Some companies have provided analysis to study the potential benefits of enhanced CSI processing time for N1/N2 [1, Huawei][23, Qualcomm][16, Intel][14, Nokia]. One motivation to support enhanced CSI processing time is to provide the chance for retransmission to use more accurate CSI and thus enable more efficient URLLC transmission and system capacity. One company [17, Samsung] feels that there is no strong motivation to support enhanced CSI processing time. 
Observation 5-3: Enhanced CSI processing time may have benefits to enable more efficient URLLC transmission and/or increase system capacity.  
Proposal 5-3: Further study the benefits/feasibilities/specification impacts of enhanced CSI processing time. 
Enhanced UL scheduling procedure  
One company has provided analysis to study the potential benefits of enhanced UL scheduling procedure [3]. It was observed in [3] that PUCCH-based SR with reduced periodicity can decrease latency at the expense of excessive overhead, which will reduce available bandwidth for the UEs needing resources for UL data transmission. Therefore, enhanced UL scheduling procedures may be needed. Since only one company shared the views on enhanced UL scheduling procedure, more inputs and views are needed. Companies are encouraged to share your views on this aspect. 
Observation 5-4: Enhanced UL scheduling procedure may have benefit of reducing latency while lowering overhead to meet the wide range of URLLC requirements.  
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Appendix A: Agreements in the past meetings  
RAN1#94 meeting  
	Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

Agreements: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded

Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded
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