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Introduction
This contribution summarizes the contributions submitted to AI 8.6.3 (Study on NR reduced capability devices – coverage recovery and capacity impact). 
This document captures the following RAN1#103e RedCap email discussion.
	[103-e-NR-RedCap-04] Email discussion for coverage recovery and capacity impact– Chao (Qualcomm)
· 1st check point: 10/29
· 2nd check point: 11/4
· 3rd check point: 11/10
· Last check point 11/12



[bookmark: _Ref473802466][bookmark: _Ref462669569]In this round of the email discussion, please check the proposals/questions tagged ‘FL8’ (search for ‘FL8’). 
Target Performance Requirement
Coverage Recovery
FR1, Urban with the carrier frequency of 2.6 GHz
FR1, Rural with the carrier frequency of 0.7 GHz
FR1, Urban with the carrier frequency of 4 GHz
FR2, Indoor with the carrier frequency of 28 GHz
[FL8] Proposal 3.4-2: 
· Observations for FR2 coverage recovery can be drawn separately for max TRP 12 dBm and max TRP 23 dBm
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 3.4-1A:
· Adopted the updated TP in section 3.4 of R1-2009722 as baseline text for TR clause 9.1
(FL note: this is the TP for coverage loss for indoor 28GHz based on results for max TRP 12 dBm)
	Company
	Y/N
	Comments

	
	
	

	
	
	




Conclusion
	Agreements:
1. Capture the following observations for FR2 coverage recovery to the TR 38.875
3. For FR2, there is no assumption of reduced antenna efficiency for RedCap UE and the MIL of the UL channels is the same as the reference NR UE and coverage recovery for UL channels is not needed. 
3. [For RedCap UE with 100 MHz BW and 1Rx, although there is performance loss from reducing the number of Rx branches to 1, the MIL(s) of all the DL channels is better that that of the bottleneck channel for the reference NR UE and coverage recovery for DL channels is not needed. ]
3. For RedCap UE with 50MHz BW and 1Rx, coverage recovery may be needed for PDSCH when the same target data rate as the reference NR UE is assumed, and the amount of coverage recovery to be considered is approximately [2-3 dB]
2. The tradeoff between data rate and coverage can be considered and the amount of coverage recovery may depend on this choice.
3. The determination of which channels require coverage recovery and the amount of coverage recovery depend on the choice of the target for coverage recovery
3. E.g. coverage recovery may not be needed for FR2 indoor scenario when the target is based on an MPL value from a target ISD of 20m
3. E.g. a large amount of coverage recovery may be needed for the initial access channels if the target is to achieve the same coverage for the initial access channels between RedCap UE and the reference NR UE



[FL8] Proposal 3.5-2: Capture the following observation on FR2 coverage recovery to TR clause 9.1
	· For RedCap UE with 100 MHz BW, 1Rx and max TRP 12 dBm in FR indoor scenario, although there is performance loss from reducing the number of Rx branches to 1, the MIL(s) of all the DL channels is better that that of the bottleneck channel for the reference NR UE and coverage recovery for DL channels is not needed.



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



Capacity impact
[FL8] Proposal 4-1B: Capture the following observation on capacity impact to TR clause 10
	[bookmark: _Hlk56182154]For burst traffic evaluation with IM traffic model for RedCap users:
· Although the 1 Rx RedCap users in the FR1 TDD bands do not make an appreciable change on the user throughput performance of the eMBB users compared to the 2 Rx RedCap users, the SLS evaluations do reveal that there is a considerable degradation in RedCap UE spectral efficiency if the number of Rx branches is reduced from 4 to 1, compared to reducing from 4 to 2




If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	


Potential techniques
UL coverage recovery
	Agreements in Rel-17 NR RedCap:
1. Capture the following to the TR 38.875
6. Coverage recovery for PUSCH was studied from several aspects, including cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B, frequency hopping or BWP switching across a larger system bandwidth
6. Some techniques, such as cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B have been studied also in the Rel-17 coverage enhancement SI
6. Potential specification impacts of frequency hopping or BWP switching across a larger system bandwidth include:
2. Frequency domain hopping offsets/positions
2. Faster switching/RF retuning time. 
1. Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.
2. Transmission/reception interruption during RF retuning time

Agreements in Rel-17 NR RedCap:
1. Capture the following to the TR 38.875
7. Coverage recovery for Msg3 was studied including repetition for Msg3 PUSCH initial and/or retransmission
7. It is noted that enhancements on Msg3 PUSCH repetition have been studied also in the Rel-17 coverage enhancement SI

Agreement in Rel-17 CE SI: Capture the following observation into the TR.
· Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

Agreement in Rel-17 CE SI: Capture the following observation into the TR.
Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support Joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling




[FL8] Proposal 5.1-2A: Capture the following into the TR.
	1. For PUSCH coverage recovery:
8. It is recommended to support joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
0. Joint channel estimation over consecutive PUSCH transmissions
0. Inter-slot frequency hopping with inter-slot bundling



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.1-2B: Capture the following into the TR
	1. For PUSCH coverage recovery:
9. It is recommended to support enhancements on PUSCH repetition type A for TDD in Rel-17, including the following two options (potential down-selection during the WI phase):
0. Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
0. Option 2: The number of repetitions counted on the basis of available UL slots.




If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.1-2C: Capture the following into the TR
	1. For PUSCH coverage recovery:
10. It is recommended to support frequency hopping or BWP switching across a larger system bandwidth



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.1-2D: Capture the following into the TR
	1. For Msg3 PUSCH coverage recovery:
11. It is recommended to support PUSCH repetition for Msg3 initial and/or retransmission



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



PDSCH coverage recovery

Msg2 and Msg4 coverage recovery
	[bookmark: _Hlk56183922]Agreements in Rel-17 NR RedCap:
1. Capture the following to the TR 38.875
12. Coverage recovery for Msg2 PDSCH was studied from several aspects, including TBS scaling [and Msg2 PDSCH repetition]
12. It is noted that TBS scaling is an existing technique mandatory for Rel-15 UE 
12. Potential specification impacts of Msg2 PDSCH repetition (if supported) include
2. Msg2 PDSCH repetition configuration
2. Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles)

Agreements in Rel-17 NR RedCap:
1. Capture the following to the TR 38.875
13. Coverage recovery for Msg4 PDSCH was studied from several aspects, including scaling factor for TBS determination, PDSCH repetition and the use of the lower-MCS table.
13. Some techniques, such as scaling factor for TBS determination and PDSCH repetition have been studied also in the Rel-17 coverage enhancement SI
13. Potential specification impacts of using the lower-MCS table for Msg4 PDSCH include
2. Related signaling design




[FL8] Proposal 5.3-2A: Capture the following into the TR
	1. For Msg4 PDSCH coverage recovery:
14. It is recommended to support TBS scaling for Msg4 PDSCH in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.3-2B: Capture the following into the TR
	1. For Msg4 PDSCH coverage recovery:
15. It is recommended to support PDSCH repetition for Msg4 PDSCH in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.3-2C: Capture the following into the TR
	1. For Msg4 PDSCH coverage recovery:
16. It is recommended to support the lower-MCS table for Msg4 PDSCH in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.3-2D: Capture the following into the TR
	1. For Msg2 PDSCH coverage recovery:
17. It is recommended to support PDSCH repetition for Msg2 PDSCH in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	





PDCCH coverage recovery
	Agreements in Rel-17 NR RedCap:
1. Capture the following to the TR 38.875
18. Coverage recovery for broadcast PDCCH (PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS) was studied from several aspects, including PDCCH repetition, compact DCI, new AL [of 12, 24 or 32], PDCCH transmission via CORESET or search space bundling, PDCCH-less mechanism for SIB1 and/or SI message
18. If PDCCH repetition is supported, the potential specification impacts include
1. Repetition configuration (e.g. intra-slot or inter-slot)
1. DMRS design among PDCCH repetitions
1. Search space design for PDCCH repetition
18. If compact DCI is supported, the potential specification impacts include
2. DCI format with a small payload size
2. Reuse existing format by fixing some DCI bits
18. If new AL is supported, the potential specification impacts include
3. Mechanism for codeword generation and mapping to CCEs
3. CORESET duration extension
3. Related signaling design
18. If PDCCH transmission via CORESET bundling is supported, the potential specification impacts include
4. CORESET bundling configuration
4. DMRS design among CORESET bundling
18. If PDCCH-less is supported, the potential specification impacts include
5. Mechanism or resource allocation for indicating scheduling information for SIB1 and/or SI message in L1 signals(s)/channels(s) other than PDCCH
18. It is noted that some of the techniques may have compatibility issue if RedCap and normal UEs share the same initial DL BWP




[FL8] Proposal 5.4-2A: Capture the following into the TR
	1. For PDCCH coverage recovery:
19. It is recommended to support repetition for PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.4-2B: Capture the following into the TR
	1. For PDCCH coverage recovery:
20. It is recommended to support compact DCI for PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.4-2C: Capture the following into the TR
	1. For PDCCH coverage recovery:
21. It is recommended to support new AL [of 12, 24 or 32] for PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.4-2D: Capture the following into the TR
	1. For PDCCH coverage recovery:
22. It is recommended to support PDCCH transmission via CORESET or search space bundling for PDCCH monitored in a Type0/0A/1/2/3-PDCCH CSS in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	



[FL8] Proposal 5.4-2E: Capture the following into the TR
	1. For PDCCH coverage recovery:
23. It is recommended to support PDCCH-less for broadcast PDSCH carrying SIB messages in Rel-17



If not, what modification is needed? 
	Company
	Y/N
	Comments

	
	
	

	
	
	




SSB and PRACH coverage recovery
Possible proposals 
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