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According to the revised SID on NR coverage enhancements [1], one objective is to identify the performance target for coverage enhancement for specific scenarios for both FR1 and FR2 and study the potential solutions for both DL and UL.
In the RAN1#102-e meeting, the potential enhancements for channels other than PUSCH and PUCCH were discussed [2], and the following agreements were reached [3]. 
	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.



In this contribution, we further discuss the potential techniques for channels other than PUSCH and PUCCH. 
Msg3 enhancement 
1.1 Performance evaluation on Msg3 PUSCH repetition 
In the RAN1#102-e meeting, it was agreed to study at least Msg3 PUSCH repetition in this SI. To identify the performance benefits of Msg3 PUSCH repetition, simulation results for Msg3 with 2 or 4 repetitions are provided in Figure 1. The simulation assumptions are provided in Table A-1 in the appendix. 

Figure 1. Performance of Msg3 w/ or w/o repetition.
According to Figure 1, Msg3 PUSCH with 2 and 4 repetitions can provide about 2.6 and 5.2 dB gain respectively compared to one repetition in rural 700MHz scenario. In urban 4GHz scenario, the respective gain is of Msg3 PUSCH with 2 and 4 repetitions is about 2.4 and 4.7 dB.
Observation 1: For Msg3 PUSCH, about 2.4~2.6 dB and 4.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
1.2 Potential enhancements on Msg3 PUSCH repetition
In this section, the potential enhancements on Msg3 PUSCH repetition are further analyzed, including the following 5 aspects.
Aspect 1: Indication of the number of repetitions for PUSCH scheduled by RAR UL grant
For Msg3 repetition scheduled by a RAR UL grant, there could be several options to indicate the repetition factor [2].
· Option 1: RAR UL grant. E.g., using several bits in RAR UL grant to indicate the repetition factor. 
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI. E.g., using several reserved bits in DCI to indicate the repetition factor.
· Option 3: Implicit method. E.g., the repetition factor is implicitly determined by Msg 1 transmission.
There are pros and cons for above three Options, which could be further studied. The details could be further discussed when moving to WI phase. 
Proposal 1: Study the indication of the number of repetitions for PUSCH scheduled by RAR UL grant, including at least following options.
· Option 1: RAR UL grant.  
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI. 
· Option 3: Implicit method.
Aspect 2: Indication of the number of repetitions for Msg3 re-transmission scheduled by DCI format 0_0 scrambled by TC-RNTI
The re-transmission of Msg3 is scheduled by UL DCI format 0_0, and the following options could be considered.
· 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.
Above two options could be further studied, and there is no need to down-select at this stage. The details could be further discussed when moving to WI phase. 
Proposal 2: Study the indication of the number of repetitions for Msg3 re-transmission scheduled by DCI format 0_0 scrambled by TC-RNTI, 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 Rel-16 URLLC, both repetition type A and repetition type B are supported. Repetition type A is slot-based repetition with semi-static or dynamic indication of the number of repetitions. Repetition type B can achieve lower latency by allowing sub-slot based repetitions within one slot. In addition, repetition type B can provide more robustness by allowing segmentation instead of simply dropping in case of collision with invalid symbols. Similarly, both repetition types could be considered for Msg3 PUSCH repetition. In addition, how to indicate the repetition type to Msg3 PUSCH should also be studied. 
Proposal 3: For Msg3 PUSCH repetition, both repetition type A and repetition type B can be supported and how to indicate the repetition type should be studied.             
Aspect 4: Study the feasibility and applicability of normal PUSCH enhancements (if supported) for Msg3 PUSCH initial/re-transmission
In agenda 8.8.2.1, enhancements to normal PUSCH has been discussing. The techniques to be supported for normal PUSCH could also be considered for Msg3 repetition. In Figure 2, the performance of cross-slot channel estimation and frequency hopping schemes for Msg3 PUSCH with 4 repetitions are provided. 

Figure 2. Performance of Msg3 with cross-slot channel estimation
In case inter-slot frequency hopping is disabled, cross-slot channel estimation can be conducted among all 4 repetitions. As can be observed, cross-slot channel estimation could provide 0.88 dB and 1.07 dB gain for Msg3 PUSCH at target BLER 0.1 and 0.01 respectively. 
If legacy inter-slot frequency hopping is enabled, hopping is performed per repetition and cross-slot channel estimation cannot be applied. One way for enhancement is to only perform frequency hopping between the first two repetitions and the last two repetitions. In such case, frequency diversity can still gained in some extent while cross-slot channel estimation can also be applied among each hop. As shown in Figure 2, the enhanced way with joint operation of frequency hopping and cross-slot channel estimation can provide about 0.5dB and 0.7dB gain over Msg3 PUSCH with legacy inter-slot frequency hopping at target BLER 0.1 and 0.01 respectively. 
Observation 2: Msg3 PUSCH repetition with cross-slot channel estimation can provide 0.5dB~ 1.07dB performance improvement in urban scenario.
Similarly, it is expected to get similar gain if other techniques could be proved to be beneficial for normal PUSCH. Therefore, it needs to further study the feasibility and applicability of normal PUSCH enhancements, including at least the time domain enhancements, frequency domain enhancements and DM-RS enhancements. 
Proposal 4: Study the feasibility and applicability of normal PUSCH enhancements (if supported) for Msg3 PUSCH initial/re-transmission, including at least the following aspects: time domain enhancements, frequency domain enhancement and DM-RS enhancements. 
Aspect 5: gNB identification of whether the UE supports Msg3 PUSCH enhancements or not
For legacy UE, Msg3 PUSCH repetition is not supported. If a Rel-17 UE supports Msg3 repetition and related enhancements, it needs some solutions for gNB to identify whether the UE supports Msg3 PUSCH enhancements or not.
In eMTC, four PRACH coverage enhancement levels are defined, and a separate PRACH configuration is used to identify which coverage enhancement level the UE is supported. In Rel-16, two Random Access Preambles groups are specified to differentiate different Msg3 payload sizes, and separate RO occasions or preambles are used to differentiate between 2-step RACH and 4-step RACH. Similar approaches could be studied for identification of Msg3 PUSCH enhancements.
Proposal 5: Study ways for gNB identification on UE’s support of Msg 3 PUSCH enhancements. 
SSB enhancements



In order to maintain a reasonable downlink resource overhead, the maximum number of SSBs is limited in Rel-15/16. More specifically, = 4 or 8 for FR1 and =64 for FR2 in Rel-15/16. However, a limitation of SSB number means using a wider beam width to cover a certain cell area. That is beamforming gain will be sacrificed. Increasing the number of SSBs can be a straightforward way for NR coverage enhancement of broadcast channels and channels during RACH procedure. 
In the following, the performance evaluation results for increasing the number of SSBs are provided and the potential spec impacts are discussed. 
1.3 Performance evaluation on increasing the number of SSBs. 
With more SSBs, ‘narrower’ beam can be used for SSB transmission, by which a higher beamforming gain can be expected. In Figure 3, CDF curves of beamforming gain for 4 SSBs and 8 SSBs via SLS are provided for 700MHz rural scenario. In the evaluation, the beamforming gain is determined by UE’s angular location in reference to the bore sight of the selected beam via SLS. More detailed simulation assumptions are provided in Table A-2 in the appendix. 
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Figure 3: Simulation result of beamforming gain for different number of SSBs in 700MHz rural scenario
In Figure 3, beamforming gain under 8 SSBs case has an average 1.84 dB improvement comparing with that 4 SSBs case.
[bookmark: OLE_LINK1]Observation 3: Increasing the number of SSBs from 4 to 8 at 700MHz can provide 1.84 dB performance gain. 
1.4 Potential spec impact 
SSB index indication
In Rel-16 NR-U, the number of candidate SSBs in a half frame have been increased to 10 and 20 for 15kHz and 30kHz, respectively. The index of candidate SS/PBCH blocks in a half frame are extended. That is, for , the UE determines the 1 MSB bit of the candidate SSB index from PBCH payload bit , and for , the UE determines the 2 MSB bits of the candidate SSB index from PBCH payload bits . The same method can also be used for indicating index of refined SSBs here. 
Observation 4: For index indication of refined SSBs, the method for indicating candidate SSB index in Rel-16 NR-U can be reused. 
Backward compatibility with legacy UE
For operation without shared spectrum channel access in Rel-15/16 NR, there are only 4 or 8 SSBs for FR1. Different PBCH DMRS sequences are used to carry at most 3 bits timing information, and it is sufficient for indicating the full SSB index. If additional SSB index information is carried in PBCH payload as mentioned above, legacy UEs may be confused to distinguish SSBs with same DMRS sequence with different SSB index. So it should be carefully considered about backward compatibility with legacy UE. 


[bookmark: OLE_LINK3]One way is to use special values of some information fields in PBCH for the refined SSB, e.g.,  for FR1 or  for FR2. The above value is reserved in current spec. So the legacy UE will neglect the SSB detected with the reserved value. 
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Figure 4: Access the cell with refined SSB


As an example shown in Figure 4, both legacy SSB and refined SSB are located at the same sync raster. Then, they will share a same sub-carrier offset. For legacy SSBs, they can be used for accessing the cell by both legacy UE and new UE. While for refined SSBs, they can only be used by new UE. For refined SSB, the  will be configured to a reserved value, e.g., . The new UE who detects a refined SSB needs to further detect a legacy SSB for the actual sub-carrier offset indication. The SIB1 PDCCH monitoring occasion configuration associated with legacy SSB and refined SSB can be indicated by fields controlResourceSetZero and searchSpaceZero in its own PBCH, respectively.
Above solution is only one way to ensure the backward compatibility, and other ways if doable could also be considered and discussed. 
Observation 5: Backward compatibility with legacy UE should be considered for increasing the number of SSBs.
Based on above analysis, we propose to consider SSB enhancements by increasing the number of SSBs in this SI.
Proposal 6: Increasing SSB number can be considered as a coverage enhancement mechanism for channels/signals during initial/random access procedure. 
PRACH enhancements
Multiple PRACH transmissions before the end of a monitored RAR reception window can be helpful for coverage enhancement SI. Both multiple PRACH transmission with same or different UE Tx beams can be considered. 
For the case that multiple PRACH transmissions with same UE Tx beam as shown in Figure 5(a), the gain can be got by reception combination of multiple PRACH transmission. This case can also be called as ‘PRACH repetition’.
The case that multiple PRACH transmissions with different UE Tx beams is shown in Figure 5(b). Even in the scenario for UEs with ideal Tx/Rx beam correspondence and analog beamforming, it may take extensive sweeping to find the best pair of Tx beam and UE Rx beam, since only one UE Rx beam can be used at a time. The issue becomes more severe with longer DL signal periodicity, which can be up to 160 ms for SS burst set since there are less opportunities to try different UE Rx beams within a channel coherence interval. Instead, the UE can sweep its Tx beam by transmitting multiple Msg.1. Then, gNB can also determine the best beam pair and indicate by Msg. 2. This case can also be called as ‘PRACH sweeping’. This would be helpful for remaining message transmissions during RACH procedure by using more appropriate beam.
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Figure 5: PRACH repetition and PRACH sweeping
1.5 [bookmark: OLE_LINK2]Performance evaluation
Performance evaluation on PRACH repetition
In Figure 6, the performance results of PRACH repetition are provided for 4GHz and 28GHz urban O2I scenario. In the evaluation, PRACH preamble format B4 is assumed, more detailed simulation assumptions are given in Table A-3 in the appendix. 

  
Figure 6: Simulation results of PRACH repetition
From the above simulation results, the performance of PRACH with 2 and 4 repetitions is about 3.7dB and 5.2dB better than one PRACH transmission respectively in 4GHz urban O2I scenario. For 28GHz urban O2I scenario, about 1.7dB and 3.7dB gain is observed for PRACH with 2 and 4 repetitions respectively. Thus, the performance gain of PRACH reception after combination of multiple PRACH repetitions could compensate the gap of coverage requirement. 
[bookmark: OLE_LINK4]Observation 6: For PRACH transmission, about 1.7~3.7 dB and 3.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Performance evaluation for PRACH sweeping
In Figure 7, the performance results of PRACH sweeping via SLS are provided for 2GHz rural scenario. More detailed simulation assumptions are given in Table A-4 in the appendix. 
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Figure 7: Simulation result of PRACH sweeping
By PRACH sweeping with 2 times, average gain with 2.5dB can be obtained comparing with baseline case (i.e., without sweeping). 
Observation 7: PRACH sweeping transmission with 2 Tx beam can provide 2.5dB coverage improvement for channels in RACH procedure. 
1.6 Potential spec impact
For support of multiple PRACH transmissions with the same or different beams, the following aspects need further study.  
· How to determine the number of repetitions.
· How to differentiate between legacy UEs and enhanced UEs.
· The same or different Tx beams could be used for each repetition. 
· Indication of the best UL Tx beam. 
Based on above analysis, we propose to support multiple PRACH transmissions with the same or different beams in this SI.
Proposal 7: Support multiple PRACH transmissions with the same or different beams in NR coverage enhancement SI. 
Enhancements for PUCCH carrying HARQ-ACK for Msg4
As discussed in our companion contribution [4], PUCCH carrying HARQ-ACK for Msg4 could also have coverage problem in some scenarios. This is mainly due to lack of PUCCH repetition and low beam gain due to limited number of SSBs. Therefore, it needs further study enhancements for PUCCH carrying HARQ-ACK for Msg4.
1.7 Performance evaluation
In Figure 8, the performance results of PUCCH repetition are provided for rural O2I scenario at 2GHz, in which the PUCCH for Msg4 HARQ-ACK is identified with coverage issue [4] . 
[image: ]
Figure 8. Performance of 1bit PUCCH format 1 for different number of repetitions

As can be observed in Figure 8, about 3 dB and 6dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. This could be an effective way for coverage enhancement of PUCCH with Msg4 HARQ-ACK. 
Observation 8: For PUCCH with Msg4 HARQ-ACK, about 3 dB and 6 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
1.8 Performance evaluation
For support of PUCCH transmissions for Msg4 HARQ-ACK, the following aspects need further study.  
· How to determine the number of repetitions.
· How to differentiate between legacy UEs and enhanced UEs.
Based on above analysis, we propose to support PUCCH repetitions for Msg4 HARQ-ACK in this SI.
Proposal 8: Support PUCCH repetition for HARQ-ACK for Msg4 in NR coverage enhancement SI. 
Potential techniques for broadcast PDCCH
Based on the evaluation in [4], there still exists some scenarios that needs coverage enhancement for broadcast PDCCH. Therefore, in this section, we give some potential techniques for PDCCH coverage enhancement.
1.9 Compact DCI
In Rel-16 URLLC, DCI format 0_2/1_2 is introduced which can be used for reliability improvement by configuring 10~16 bits size reduction compared with fallback DCI. According to the evaluation in [5], about 1dB gain can be achieved for AL=16 at 1e-5 or 1e-6 target BLER. We find similar observation in our contribution [6] at 1e-2 target BLER. Thus, compact DCI which has been already proved beneficial for unicast PDCCH in Rel-16 can be considered for broadcast PDCCH for Rel-17 coverage enhancement. In other words, fallback DCI used for broadcast PDCCH can be further compressed.
Proposal 9: Study compact fallback DCI for broadcast PDCCH coverage enhancement.
1.10 PDCCH repetition
Repetition is a straightforward and powerful way to improve coverage performance. It can also applied to PDCCH enhancement. In the following, the performance evaluation results for PDCCH repetition are provided and the potential spec impacts are discussed. 
Performance evaluation 
In Figure 9, the performance of PDCCH repetition with or without joint combing are provided. The simulation assumptions are provided in the appendix. 
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(a) Simulation results for 2GHz              (b) Simulation results for 4GHz


Figure 9 Simulation results for PDCCH repetition
[bookmark: _GoBack]For PDCCH repetition with separate decoding, average gains with 2.8 dB for 2 repetitions and 4.0 dB for 4 repetitions can be obtained comparing to the baseline case (i.e., without repetition) in rural and urban scenarios. For PDCCH repetition with joint decoding among multiple repetitions, average gains with 3.1 dB for 2 repetitions and 5.8 dB for 4 repetitions can be obtained comparing with baseline case (i.e., without repetition) in rural and urban scenarios. 
Observation 9: For PDCCH, about 2.8~3.1 dB and 4~5.8 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Potential spec impact 
There could be different schemes for PDCCH repetition. One alternative is that PDCCH repetitions are on different CORESETs in the frequency domain while within the same PDCCH monitoring occasion This is beneficial from the low latency point of view but difficult for the UE without the capability of a wide-BWP. Another way is PDCCH repetitions are across multiple PDCCH monitoring occasions of the same search space and CORESET, which is beneficial for multiplexing in frequency domain for multiple users at the same time but lead to more latency for each UE. In our view, both alternatives can be further considered for coverage enhancement. 
As for UE behavior, PDCCH repetition with separately decoding, meaning without combination, can be considered as one implementation way. This is similar like scheduling multiple Paging transmissions on different monitoring occasions across multiple slots by configuring parameter ‘duration’ in case the periodicity of the search space is larger than one slot. The performance can be further improved if PDCCH repetitions can be joint-decoded with combination.
Based on above analysis, we have the following proposal. 
Proposal 10: PDCCH repetition can be considered for PDCCH coverage enhancement.
1.11 PDCCH-less for broadcast messages
If broadcast PDCCH is the coverage bottleneck channel for the broadcast messages, one potential solution is using PDCCH-less for broadcast information transmission. PDCCH-less mechanism has already been supported for SIB message transmission in LTE MTC which also targets for coverage enhancement. In brief, for SIB1-BR 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-BR. In NR coverage enhancement, PDCCH-less can be also considered for broadcast messages transmission similarly.
Proposal 11: PDCCH-less for broadcast messages can be considered for NR coverage enhancement.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: For Msg3 PUSCH, about 2.4~2.6 dB and 4.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Observation 2: Msg3 PUSCH repetition with cross-slot channel estimation can provide 0.5dB~ 1.07dB performance improvement in urban scenario.
Observation 3: Increasing the number of SSBs from 4 to 8 at 700MHz can provide 1.84 dB performance gain. 
Observation 4: For index indication of refined SSBs, the method for indicating candidate SSB index in Rel-16 NR-U can be reused. 
Observation 5: Backward compatibility with legacy UE should be considered for increasing the number of SSBs.
Observation 6: For PRACH transmission, about 1.7~3.7 dB and 3.7~5.2 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Observation 7: PRACH sweeping transmission with 2 Tx beam can provide 2.5dB coverage improvement for channels in RACH procedure. 
Observation 8: For PUCCH with Msg4 HARQ-ACK, about 3 dB and 6 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Observation 9: For PDCCH, about 2.8~3.1 dB and 4~5.8 dB gain can be obtained by employing 2 repetitions and 4 repetitions respectively. 
Proposal 1: Study the indication of the number of repetitions for PUSCH scheduled by RAR UL grant, including at least following options.
· Option 1: RAR UL grant.  
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI. 
· Option 3: Implicit method.
Proposal 2: Study the indication of the number of repetitions for Msg3 re-transmission scheduled by DCI format 0_0 scrambled by TC-RNTI, including at least following options.
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.  
· Option 2: Implicit method.
Proposal 3: For Msg3 PUSCH repetition, both repetition type A and repetition type B can be supported and how to indicate the repetition type should be studied.   
Proposal 4: Study the feasibility and applicability of normal PUSCH enhancements (if supported) for Msg3 PUSCH initial/re-transmission, including at least the following aspects: time domain enhancements, frequency domain enhancement and DM-RS enhancements. 
Proposal 5: Study ways for gNB identification on UE’s support of Msg 3 PUSCH enhancements. 
Proposal 6: Increasing SSB number can be considered as a coverage enhancement mechanism for channels/signals during initial/random access procedure. 
Proposal 7: Support multiple PRACH transmissions with the same or different beams in NR coverage enhancement SI.
Proposal 8: Support PUCCH repetition for HARQ-ACK for Msg4 in NR coverage enhancement SI. 
Proposal 9: Study compact fallback DCI for broadcast PDCCH coverage enhancement.
Proposal 10: PDCCH repetition can be considered for PDCCH coverage enhancement.
Proposal 11: PDCCH-less for broadcast messages can be considered for NR coverage enhancement.
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Appendix
Table A-1 Simulation assumption for Msg3 repetition
	Parameter
	Value

	Carrier frequency
	700MHz / 4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for rural scenario and urban

	UE speed
	120 km/h for Rural 700MHz
 3 km/h for Urban 4GHz

	BS antenna configuration
	2 Rx for 700MHz / 4Rx for 4GHz

	UE antenna configuration
	1 Tx

	System bandwidth
	100 MHz

	Sub-carrier spacing
	15kHz for 700MHz / 30kHz for 4GHz

	Occupied RB
	2

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	Figure 1 with 3 DMRS symbols 
Figure 2 with 4 DMRS symbols

	Number of repetitions
	2 or 4 

	Frequency hopping 
	Figure 1 w/o hopping
Figure 2 w/ hopping

	Channel estimation
	Practical

	Receiver type
	MMSE
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Table A-2 Simulation assumption for evaluations on SSB enhancements
	Parameter
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 

	Carrier frequency
	700MHz

	Channel model 
	RMa in TR 38.901

	gNB Tx power
	49dBm

	UE Tx power
	23dBm

	BS antenna configurations
	2 Tx/2 Rx antenna ports:(M, N, P, Mg, Ng; Mp, Np) = (4, 2, 2, 1, 1; 1, 1) ;
(dH, dV) = (N/A, 0.8)λ
+45°, -45° polarization

	BS antenna height
	35m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Antenna ports: 2 Tx/2 Rx
(M, N, P, Mg, Ng; ) = (1, 1, 2, 1, 1 ) for 2 Tx/2 Rx 

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	7 dB

	Simulation bandwidth 
	20MHz 

	SCS 
	15 kHz

	UE distribution
	50% of users are outdoors, outdoor UEs speed: 120 km/h; 50% of user are indoors, indoor UEs speed: 3 km/h. Car penetration loss for outdoor UEs is considered.

	Min distance of UE2gNB
	35m

	Handover margin
	0

	Target BLER
	0.1



Table A-3 Simulation assumption for PRACH repetition
	Parameter
	Value

	Scenario and frequency
	4GHz, 28GHz

	Subcarrier spacing
	30kHz for 4GHz, 120kHz for 28GHz

	System BW
	100MHz

	Channel model for link-level simulation
	TDL-C for 4GHz, TDL-A for 28GHz

	Delay Spread
	300ns for 4GHz, 30ns for 28GHz

	UE velocity
	3 km/h

	Number of UE Tx/Rx chains
	2T4R

	Occupied channel bandwidth
	NR PRACH preamble format 4B : 12 RBs

	Miss-detection target
	1%

	Preamble
	NR PRACH preamble format B4 with Ncs = 13, Logical sequence index = 1, v=0 

	Number of repetitions
	2 or 4 



Table A-4 Simulation assumption for PRACH sweeping
	Parameter
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 

	Carrier frequency
	2 GHz

	Channel model 
	RMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	2 Tx/2 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 2, 2, 1, 1; 1, 1); 
(dH, dV) = (N/A, 0.8)λ
+45°, -45° polarization

	BS antenna height
	35m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Antenna ports: 2 Tx/2 Rx
(M, N, P, Mg, Ng; ) = (1, 1, 2, 1, 1 ) for 2 Tx/2 Rx 

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	Simulation bandwidth 
	20MHz 

	SCS 
	15 kHz

	UE distribution
	50% of users are outdoors, outdoor UEs speed: 120 km/h; 50% of user are indoors, indoor UEs speed: 3 km/h. Car penetration loss for outdoor UEs is considered.

	Min distance of UE2gNB
	35m



Table A-5 Simulation assumption for PDCCH repetition
	Parameter
	Value

	Scenario
	Urban

	Duplexing scheme and frequency
	4GHz TDD
2GHz FDD

	Subcarrier spacing
	30kHz for TDD and 15kHz for FDD

	Channel model for link-level simulation
	TDL-C 

	Pathloss model (select from LoS or NLoS)
	NLos

	Delay Spread
	300ns

	UE velocity
	3/120 km/h

	Number of symbols for CORESET
	2

	Transmission type
	Interleaved(R=3 for 3OS,others,R=2)

	DCI payload (excluding 24bits CRC)
	40 bits

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Number of repetitions
	2/4

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER target
	1%



Uma_4GHz_O2I
Baseline(w/o repetition)	-23	-21	-19	-17	-15	-13	0.3631	0.138	0.0328	0.0044	2 Repetitions	-23	-21	-19	-17	-15	-13	0.4159	0.1686	0.0442	0.0064	0.0003	4 Repetitions	-23	-21	-19	-17	-15	-13	0.1891	0.0536	0.0099	0.0008	0	



Uma_28GHz_O2I
Baseline(w/o repetition)	-23	-21	-19	-17	-15	-13	-11	0.3016	0.1224	0.0363	0.0055	0.0011	2 Repetitions	-23	-21	-19	-17	-15	-13	-11	0.2011	0.055	0.0077	0.0007	0	4 Repetitions	-23	-21	-19	-17	-15	-13	-11	0.6313	0.2803	0.061	0.0073	0	



Rma_700MHz_O2O
Baseline(w/o repetition)	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	1	0.99559	0.95631	0.83146	0.66874	0.47695	0.28838	0.13667	0.06353	2 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.97956	0.87735	0.71623	0.52986	0.33026	0.17154	0.07375	0.03888	0.02485	4 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	0.77885	0.61218	0.40705	0.21635	0.10417	0.05048	0.02724	0.01683	0.00881	



Uma_4GHz_O2I
Baseline(w/o repetition)	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.96713	0.87515	0.68277	0.41423	0.21804	0.10721	0.0493	0.01503	2 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.76433	0.51343	0.27295	0.13908	0.06172	0.02405	0.00842	0	4 Repetitions	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	0.40064	0.20272	0.09696	0.04247	0.01442	0.0024	0	



Uma_4GHz_1T4R_O2I
4 Repetitions without hopping	-15	-13.5	-12	-10.5	-9	0.30464	0.14932	0.07446	0.03683	0.01001	4 Repetitions with inter-slot hopping	-15	-13.5	-12	-10.5	-9	0.23018	0.08006	0.02522	0.006	0.0012	4 Repetitions with DMRS sharing	-15	-13.5	-12	-10.5	-9	0.18535	0.09528	0.04444	0.01561	0.002	4 Repetitions with 2 hops and DMRS sharing in each hop	-15	-13.5	-12	-10.5	-9	0.15292	0.05805	0.01281	0.0048	0.001	
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