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1. Introduction
The RAN1 completion level of NR coverage enhancements WI is already 99% [1], and the following features have been introduced in Rel-17:
· [bookmark: _Toc86838777][bookmark: _Toc90042439][bookmark: _Toc86838778][bookmark: _Toc90042440]PUSCH enhancements
· Enhancements on PUSCH repetition type A
· Increasing the maximum number of repetitions
· Counting based on available UL slots
· [bookmark: _Toc86838779][bookmark: _Toc90042441]TB processing over multi-slot PUSCH
· [bookmark: _Toc86838780][bookmark: _Toc90042442]Joint channel estimation for PUSCH
· [bookmark: _Toc86838781][bookmark: _Toc90042443]PUCCH enhancements
· Dynamic PUCCH repetition factor indication
· Joint channel estimation for PUCCH
· [bookmark: _Toc86838782][bookmark: _Toc90042444]Type A PUSCH repetitions for Msg3
This contribution provides our views on the potential BS demodulation requirements for the above features introduced in RAN1.
2. Discussion on BS demodulation impact
2.1  BS demodulation impact for PUSCH enhancements
2.1.1  Enhancements on PUSCH repetition type A
Two features are introduced for PUSCH repetition type A enhancements, one is increasing the maximum number of repetitions from 16 to 32, the other one is counting based on UL available slots instead of physical slots.
With 32 repetitions supported, the SNR working point will be reduced and it is necessary to verify the BS demodulation performance with channel estimation under low SNR and soft combining of all the repeated slots. Using the parameters in Table 1, we run simulations to show the performance improvement with the increasing number of repetitions, as seen in Table 2.
Table 1. Simulation assumptions
	Parameters
	Values

	SCS
	FR1 30kHz

	Physical channel
	PUSCH

	UE velocity
	3km/h

	TBS
	320 (VoIP)

	MCS
	4

	RB number
	4

	Repetition number
	2, 8, 16, 32

	UE Tx number
	1

	BS Rx number
	2



Table 2. Required SNR at 2% BLER (without joint channel estimation)
	
	2 repetitions
	8 repetitions
	16 repetitions
	32 repetitions

	SNR (dB)
	3.95
	-0.27
	-3.10
	-6.20



Based on the above simulation results, we have the following observations:
Observation 1: The required SNR is decreasing when the number of repetitions is increasing, and the required SNR is 3.1 dB lower for 32 repetitions supported in Rel-17 compared to 16 repetitions supported in Rel-16.

The Rel-17 feature of counting based on available UL slots for PUSCH repetition type A is introduced to extend the real number of repetitions for TDD system. With counting based on available slots (e.g., UL slots in TDD), the maximum number of repetitions for TDD can also be up to 32. Therefore, we propose to define BS demodulation requirements for PUSCH repetition type A with 32 repetitions, counting based on physical slots and available slots for FDD and TDD respectively.
For the test configurations, we propose to use MCS 4 with QPSK 1/3. 4PRB PUSCH allocation instead of full PRB allocation is proposed for the uplink coverage limited scenario, and it is proposed to enable inter-slot frequency hopping to obtain frequency diversity gain. Both DFT-S-OFDM and CP-OFDM, and both FR1 and FR2 need to be covered. 
Proposal 1: Define BS demodulation requirements for PUSCH repetition type A with 32 repetitions, using the following parameters:
· Counting based on physical slots and available slots (i.e., UL slots) for FDD and TDD respectively
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping enabled
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2

2.1.2  TB processing over multi-slot PUSCH
For TB processing over multiple slots (TBoMS), N slots can be allocated for a single TBoMS, where N = {2, 4, or 8}, and single-slot PUSCH transmission is enabled when N = 1. A single RV is used to transmit a single TBoMS in the N slots, and NInfo for TBoMS is based on the number of REs determined in the symbols over which the TBoMS transmission is allocated, scaled by the number N of allocated slots for the single TBoMS. Repetition of TBoMS is supported. Denoting the number of TBoMS repetitions as M, the total number of allocated slots for TBoMS repetition is M*N, which is no more than 32.
As seen above, the main difference of TBoMS compared to single-slot PUSCH transmission is that a single RV is used over the N slots , the payload size is scaled by N. The typical use case for TBoMS is PUSCH transmission with small PRB number (e.g., single PRB) and relatively high PSD per PRB. So, it makes sense to check the BS demodulation performance for TBoMS with single PRB PUSCH allocation.
Observation 2: The main difference of TBoMS compared to single-slot PUSCH transmission is that a single RV is used over the N slots, the payload size is scaled by N. Typically, TBoMS is used with small PUSCH PRB allocation.
Proposal 2: Define BS demodulation requirements for PUSCH TBoMS, using the following parameters:
· 4 physical/available slots for a TBoMS for FDD/TDD
· 4 repetitions for the TBoMS
· QPSK 1/3 (MCS 4), single PRB PUSCH allocation 
· Inter-slot frequency hopping enabled
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2

2.1.3  Joint channel estimation for PUSCH
For joint channel estimation (JCE), BS can do channel estimation using the DMRS across multiple slots, within which UE is able to maintain power consistency and phase continuity with certain tolerance. As seen in Table 3, obvious performance gain can be brought by JCE, using the parameters in Table 1. 
Table 3. Required SNR at 2% BLER (dB)
	
	Without JCE
	With JCE
	Performance gain by JCE

	2 repetitions
	3.95
	2.21
	1.74

	8 repetitions
	-0.27
	-4.75
	4.48

	16 repetitions
	-3.10
	-6.20
	3.10

	32 repetitions
	-6.20
	-9.10
	2.90



In addition, inter-slot frequency hopping with DMRS bundling is introduced in Rel-17, as illustrated in Figure 1, to allow JCE within the actual time window (actual TDW, i.e., DMRS bundle) while keeping the hopping gain across the actual TDWs.
[image: ]
Figure 1. Illustration of inter-slot frequency hopping with DMRS bundling

For the number of slots for JCE, it is not larger than the maximum duration discussed in RAN4 RF session, and it is also depends on BS implementation/scheduling. In addition, considering the typical TDD pattern of 7D1S2U and DDDSU+DDSUU in FR1, it is proposed to assume JCE over 2 slots for TDD. For FDD, a larger number of slots can be assumed to perform JCE.
Observation 3: Around 2dB or more gain can be achieved by JCE at BS for different numbers of repetitions.
Proposal 3: Define BS PUSCH demodulation requirements with JCE, using the following parameters:
· JCE over 2 slots for TDD, and JCE over a larger number of slots for FDD
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping with DMRS bundling 
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2

2.2  BS demodulation impact for PUCCH enhancements
2.2.1  Dynamic PUCCH repetition factor indication
Dynamic indication of PUCCH repetition factor is introduced in Rel-17, and the repetition factor can still be 2, 4, or 8. Since the possible number of repetitions for PUCCH is not changed in Rel-17, it seems not desirable to define new PUCCH demodulation requirements due to the dynamic indication of PUCCH repetition factor.
Observation 4: Dynamic indication of PUCCH repetition factor is introduced in Rel-17, and the possible number of repetitions is not changed in Rel-17.
Proposal 4: Not define new PUCCH demodulation requirements due to the dynamic indication of PUCCH repetition factor.

2.2.2  Joint channel estimation
Similar to PUSCH, JCE for PUCCH is introduced in Rel-17, and it is important to define the PUCCH demodulation requirements with JCE. As one typical case assumed in RAN1, we propose to use PUCCH format 3 with 11 or 22 bits payload size, 1 PRB and 14 OFDM symbols in the PUCCH JCE test. In addition, inter-slot frequency hopping with DMRS bundling is enabled.
Observation 5: Similar to PUSCH, it is important to define the PUCCH demodulation performance with JCE.
Proposal 5: Define BS PUCCH demodulation requirements with JCE, using the following parameters:
· JCE over 2 slots for TDD, and JCE over a larger number of slots for FDD
· PUCCH format 3, with 11 or 22 bits
· 1 PRB allocation and 14 OFDM symbols
· Inter-slot frequency hopping with DMRS bundling
· FR1 and FR2

2.3  BS demodulation impact for Type A PUSCH repetitions for Msg3
Type A PUSCH repetitions for message 3 is introduced in Rel-17. UE requests Msg3 PUSCH repetition via separate PRACH preamble in case of shared PRACH occasions, and gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission. Number of repetitions is counted on the basis of available slots, at least support repetition factor {1, 2, 3, 4} and FFS on other values. 
From BS demodulation perspective, the main difference between Msg3 PUSCH repetition and non-Msg3 PUSCH repetition is on the payload size. For Msg3, typically the payload size can be 56, 72, 144 and 208 bits. Assuming 4 PRBs with MCS 4 for non-Msg3 PUSCH with DMRS 1+1, the payload size (TBS) is 352 bits, which is close to the payload size for Msg3. Therefore, it is not desirable to define additional PUSCH demodulation requirements for Msg3 repetition.
Observation 6: From BS demodulation perspective, the main difference between Msg3 PUSCH repetition and non-Msg3 PUSCH repetition is on the payload size, while the difference on the payload size is not significant.
Proposal 6: Not define PUSCH demodulation requirements for Msg3 repetition.
3. Conclusion
This contribution presented our views on the BS demodulation requirements for NR coverage enhancements, with the following observations and proposals:
1) BS demodulation impact for PUSCH enhancements
For Enhancements on PUSCH repetition type A:
Observation 1: The required SNR is decreasing when the number of repetitions is increasing, and the required SNR is 3.1 dB lower for 32 repetitions supported in Rel-17 compared to 16 repetitions supported in Rel-16.
Proposal 1: Define BS demodulation requirements for PUSCH repetition type A with 32 repetitions, using the following parameters:
· Counting based on physical slots and available slots (i.e., UL slots) for FDD and TDD respectively
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping enabled
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2
For TB processing over multi-slot PUSCH:
Observation 2: The main difference of TBoMS compared to single-slot PUSCH transmission is that a single RV is used over the N slots, the payload size is scaled by N. Typically, TBoMS is used with small PUSCH PRB allocation.
Proposal 2: Define BS demodulation requirements for PUSCH TBoMS, using the following parameters:
· 4 physical/available slots for a TBoMS for FDD/TDD
· 4 repetitions for the TBoMS
· QPSK 1/3 (MCS 4), single PRB PUSCH allocation 
· Inter-slot frequency hopping enabled
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2
For joint channel estimation for PUSCH:
Observation 3: Around 2dB or more gain can be achieved by JCE at BS for different numbers of repetitions.
Proposal 3: Define BS PUSCH demodulation requirements with JCE, using the following parameters:
· JCE over 2 slots for TDD, and JCE over a larger number of slots for FDD
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping with DMRS bundling
· DFT-S-OFDM and CP-OFDM
· FR1 and FR2
2) BS demodulation impact for PUCCH enhancements
For dynamic PUCCH repetition factor indication:
Observation 4: Dynamic indication of PUCCH repetition factor is introduced in Rel-17, and the possible number of repetitions is not changed in Rel-17.
Proposal 4: Not define new PUCCH demodulation requirements due to the dynamic indication of PUCCH repetition factor.
For Joint channel estimation:
Observation 5: Similar to PUSCH, it is important to define the PUCCH demodulation performance with JCE.
Proposal 5: Define BS PUCCH demodulation requirements with JCE, using the following parameters:
· JCE over 2 slots for TDD, and JCE over a larger number of slots for FDD
· PUCCH format 3, with 11 or 22 bits
· 1 PRB allocation and 14 OFDM symbols
· Inter-slot frequency hopping with DMRS bundling
· FR1 and FR2
3) BS demodulation impact for Type A PUSCH repetitions for Msg3
Observation 6: From BS demodulation perspective, the main difference between Msg3 PUSCH repetition and non-Msg3 PUSCH repetition is on the payload size, while the difference on the payload size is not significant.
Proposal 6: Not define PUSCH demodulation requirements for Msg3 repetition.
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