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1. Introduction
In the RAN4 #101-bis-e meeting, the BS PUSCH demodulation requirements for NR coverage enhancements were first discussed, and the agreements were made in the WF in [1].
In this paper, our views on the remain issues are given.
2. Discussion
2.1  PUSCH repetition type A test with 32 repetitions
In the last meeting, it was not decided on whether to define BS demodulation requirements for PUSCH repetition type A with 32 repetitions [1]:
· Option 1: Yes
· Option 2: No

[bookmark: _Hlk95754066]Based on our simulation results provided in the last meeting in [2], using the simulation assumptions provided in Table 1, PUSCH repetition type A with 32 repetitions achieves -6.20 dB SNR working point at 2% BLER, which is about 10dB lower than that of 2 repetitions which is the only repetition test we have in RAN4.
Table 1. Simulation assumptions
	Parameters
	Values

	SCS
	FR1 30kHz

	Physical channel
	PUSCH

	UE velocity
	3km/h

	TBS
	320 (VoIP)

	MCS
	4

	RB number
	4

	Frequency hopping
	Disabled

	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



Considering the above, we propose to define BS demodulation requirements for PUSCH repetition type A with 32 repetitions. It is worth noted that RAN1 also introduced counting based on available UL slots feature to enable 32 repetitions for TDD system as well. Therefore, we think the test requirements for PUSCH repetition type A with 32 repetitions should cover both FDD and TDD.
For the test parameters listed in [1]:
· Option 1:
· 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
· Other options are not precluded

we think option 1 can be a good start point for companies to verify the performance improvement of PUSCH 32 repetitions.

[bookmark: _Hlk95742433]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

As for the test metric for PUSCH repetition type A with 32 repetitions, we prefer to use the required SNR at 2% BLER, which is also used in RAN1 phase I verification in TR38.830, and it is also similar with the existing test metric for PUSCH repetition type A with 2 repetitions. 
Proposal 2: For the test metric for PUSCH repetition type A with 32 repetitions, use the required SNR at 2% BLER, which is also used in RAN1 phase I verification in TR38.830.

2.2  PUSCH TB over Multi Slots (TBoMS) test
In the last meeting, it was agreed to define BS PUSCH demod tests for TBoMS, and the test parameters were to be further discussed.
Physical/available slots for BS requirements for PUSCH TboMS
Status in the WF [1]:
· For FDD:
· Option 1: 4 physical/available slots
· Option 2: 8 available slots
· Option 3: 2 available slots
· For TDD:
· Option 1: 4 available slots
· Option 2: 2 available slots
Repetition number for BS requirements for PUSCH TboMS
Status in the WF [1]:
· Option 1: 4
· Option 2: Not to consider repetition for TBoMS
· Option 3: FFS after available slot number is agreed
[bookmark: _Hlk95750958]Inter-slot frequency hopping for BS requirements for PUSCH TBoMS
Status in the WF [1]:
· Option 1: Enabled
· Option 2: Disabled
· Option 3: FFS

According to the RAN1 design, TBoMS allows N = 2, 4 or 8 available slots and repetition of M
times is also supported (where M*N not exceed 32). With higher available slot number and with enabling repetition, TBoMS is expected to have better performance. Therefore, we prefer to use 4 physical/available slots for a TBoMS for FDD/TDD with repetition number of 4 for TBoMS PUSCH demodulation tests.
Proposal 3: Use 4 physical/available slots for a TBoMS for FDD/TDD with repetition number of 4 with Inter-slot frequency hopping enabled for TBoMS PUSCH demodulation tests.

PRB number for BS requirements for PUSCH TboMS
Status in the WF [1]:
· Option 1: Narrow PUSCH allocation
· Option 1A: Single PRB PUSCH allocation
· Option 1B: Non-single PRB allocation, i.e., 5 or 10 PRBs
· Option 2: Full applicable test bandwidth
· Option 3: FFS pending whether frequency hopping should be enabled

[bookmark: _Hlk95752354]It is typical in the coverage limited scenarios that narrow channel bandwidth is used, therefore we support to use narrow PUSCH allocation and either single or non-single PRB allocation is fine for us.
Proposal 4: Use narrow PUSCH allocation with either single or non-single PRB allocation.

TDD UL-DL pattern
Status in the WF [1]:
· For 30kHz SCS:
· 7D1S2U, S=6D:4G:4U as starting point 
· As baseline, reuse the existing applicability for test requirement for different TDD UL-DL patterns.
· The above sub-bullets can be further updated if technical issues are found
· For 15kHz SCS:
· FFS whether 15kHz SCS will be included
In the last meeting, the start point of the TDD pattern for 30kHz SCS is agreed, and whether to cover 15kHz SCS is FFS.
In our understanding, TBoMS can also be used for 15kHz SCS cases regardless of TDD pattern. Therefore, we support to cover 15kHz SCS for TBoMS tests, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
Furthermore, since we have agreed to cover both FR1 and FR2 for PUSCH TBoMS test, we propose to cover 60kHz and 120kHz SCS for TBoMS tests for FR2, and use TDD UL-DL pattern with more UL slots in the test, e.g., DSUUU.
Proposal 5: Cover 15kHz SCS for TBoMS tests for FR1, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
Proposal 6: Cover 60kHz and 120kHz SCS for TBoMS tests for FR2, and use TDD UL-DL pattern with more UL slots in the test, e.g., DSUUU.

Transform precoding for BS requirements for PUSCH TboMS
Status in the WF [1]:
· Option 1: Cover both DFT-S-OFDM and CP-OFDM
· Option 2: CP-OFDM only
· Option 3: Prioritize CP-OFDM

[bookmark: _Hlk95752590]DFT-S-OFDM is also usually used in coverage limited scenarios which is also same with the features we are testing in this WI. Therefore, both DFT-S-OFDM and CP-OFDM should be covered.
Proposal 7: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH TboMS.

Other parameters for BS requirements for PUSCH TboMS
Status in the WF [1]:
· For MCS
· Option 1: QPSK 1/3 MCS 4
· Option 2: MCS 2
· For RV sequence for HARQ transmission
· Option 1: [0 2 3 1]
· Option 2: [0 3 0 3] in case two repetitions will be considered
· Other options are not precluded pending on the repetition number
· For PUSCH mapping type:
· Option 1: Cover PUSCH mapping type A and type B
· Other options are not precluded

For RV sequence for HARQ transmission, in our understanding, all companies agree to use the effective RV sequence of [0 2 3 1] which is only impacted by repetition number. Therefore, we propose to use [0 2 3 1] as the effective RV sequence and further adjust the test parameter based on the repetition number.
Align with all other PUSCH demod test, it is proposed to cover both PUSCH mapping type A and type B in the test.
Proposal 8: Use the following parameters for PUSCH TboMS test:
· QPSK 1/3 MCS 4
· Use [0 2 3 1] as the effective RV sequence and further adjust the test parameter based on the repetition number
· Cover both PUSCH mapping type A and type B

Test metric for BS demodulation requirements for PUSCH TboMS
Status in the WF [1]:
· Option 1: Test SNR at which the PUSCH achieves 70% of throughput
· Other options are not precluded

Similar with the PUSCH repetition type A with 32 repetition, we propose to also include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.
Proposal 9: Include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.

2.3  Joint channel estimation (JCE) test
In the last meeting, it was agreed to define BS PUSCH demod tests for JCE, and the test parameters were to be further discussed.
2.3.1  Main parameters for JCE test
Based on our simulation results provided in the last meeting in [2], using the parameters in Table 1, obvious performance gain can be brought by JCE. 
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



For the number of slots for JCE, it is not larger than the maximum duration discussed in RAN4 RF session, and it is also depending 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, test parameter of 16 physical slots is proposed.
For counting the slots, there are two methods defined in RAN1, namely “available” slot based counting and “physical” slot based counting. For TDD, considering that the potential use case for different TDD patterns, to easy the discussion, we propose to apply “available” slot based counting.
For the PRB number for JCE, similar with TBoMS, we prefer to use narrow PRB number allocation which is also the typical case under coverage limited scenarios.

Proposal 10: Use the following parameters for BS PUSCH demod requirements for JCE:
· JCE over 2 slots for TDD with available slot based counting, and JCE over 16 slots for FDD
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping with DMRS bundling disabled for TDD, and enabled for FDD (16*2=32 repetition for FDD)
· Use PUSCH repetition type A
· DFT-S-OFDM and CP-OFDM
· Cover both FR1 and FR2

Besides, for the additional DMRS number, we propose further decide whether to use 1+0 or 1+1 DMRS symbol based on companies’ simulation results, and select one that achieves larger PUSCH performance gain with JCE compared with PUSCH performance without JCE.
Proposal 11: Further decide whether to use 1+0 or 1+1 DMRS symbol based on companies’ simulation results, and select one that achieves larger PUSCH performance gain with JCE compared with PUSCH performance without JCE.

For the test metric for PUSCH demodulation for JCE, similar with the PUSCH repetition type A with 32 repetition, we propose to also include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.
Proposal 12: Include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.

2.3.2  Phase and power offset modeling in JCE test only
Phase offset model
In RAN4 RF session, the following agreements were made:
	· RAN4 #101e agreement (in WF R4-2120003)
· For the model of explicit phase offset, uniform distribution is agreed.
· RAN4 #101e-bis agreement (in WF R4-2202418)
[bookmark: _Toc79478136]Issue 1-1: Model of phase variation
Candidate options:
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
Issue 1-2: Phase continuity tolerance
WF recommendation:
· Down select between the following two options:
· Option 1: Adopt [-30, 30] degrees if Phase offset Option 1 in Issue 1-1 is agreed.
· Option 2: Adopt [-15, 15] degrees if Phase offset Option 2 in Issue 1-1 is agreed.



We think the phase error needs also to be modeled in the BS demod test. Meanwhile, considering that the TE can achieve better performance than the commercial UEs, smaller number of phase offset compared to the UE RF requirements should be model in the BS demodulation requirements, and the exact number can be further discussed in the next meeting pending on the inputs from TE side.

Proposal 13: Phase error needs also to be modeled in the BS demod test for JCE. Smaller number of phase offset compared to the UE RF requirements should be model in the BS demodulation requirements, and the exact number can be further discussed in the next meeting pending on the inputs from TE side.

Power offset model
For the power offset, based on the simulations in RF session [3], it has margainal impact on the link simulation results:
	Summary of simulation observations on the impact of power offset:
· CTC: 
· When 3.5dB power offset is modeled, the JCE performance degradation is very small compared to no power offset, in scenario of FR1 15 & 30 kHz, FR2 60 kHz with 16 and 32 repetitions.
· E///: There is minimum functional impact on UE if the power consistency requirement would be +/- 3.5 dB and UE report the 21 ms as its maximum duration capability.
· QC: Amplitude variation has small impact on the throughput with JCE. 
· HW: Phase shift has greater impacts than the power shift to the JCE performance.



Therefore, we think no need to model the power error when defining BS demod requirement.
Proposal 14: Do not model the power error when defining BS demod requirement.
3. Conclusion
In this paper, China Telecom’s views on the remain issues for PUSCH coverage enhancements are given.
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
Proposal 2: For the test metric for PUSCH repetition type A with 32 repetitions, use the required SNR at 2% BLER, which is also used in RAN1 phase I verification in TR38.830.
Proposal 3: Use 4 physical/available slots for a TBoMS for FDD/TDD with repetition number of 4 with Inter-slot frequency hopping enabled for TBoMS PUSCH demodulation tests.
Proposal 4: Use narrow PUSCH allocation with either single or non-single PRB allocation.
Proposal 5: Cover 15kHz SCS for TBoMS tests for FR1, and the existing TDD UL-DL pattern, i.e., 3D1S1U, S=10D:2G:2U, can be used as a start point.
Proposal 6: Cover 60kHz and 120kHz SCS for TBoMS tests for FR2, and use TDD UL-DL pattern with more UL slots in the test, e.g., DSUUU.
Proposal 7: Cover both DFT-S-OFDM and CP-OFDM for BS requirements for PUSCH TboMS.
Proposal 8: Use the following parameters for PUSCH TboMS test:
· QPSK 1/3 MCS 4
· Use [0 2 3 1] as the effective RV sequence and further adjust the test parameter based on the repetition number
· Cover both PUSCH mapping type A and type B
Proposal 9: Include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.
Proposal 10: Use the following parameters for BS PUSCH demod requirements for JCE:
· JCE over 2 slots for TDD with available slot based counting, and JCE over 16 slots for FDD
· QPSK 1/3 (MCS 4), 4PRB PUSCH allocation
· Inter-slot frequency hopping with DMRS bundling disabled for TDD, and enabled for FDD (16*2=32 repetition for FDD)
· Use PUSCH repetition type A
· DFT-S-OFDM and CP-OFDM
· Cover both FR1 and FR2
Proposal 11: Further decide whether to use 1+0 or 1+1 DMRS symbol based on companies’ simulation results, and select one that achieves larger PUSCH performance gain with JCE compared with PUSCH performance without JCE.
Proposal 12: Include SNR point at 2% BLER as a candidate test metric and further decide based on simulation results.
Proposal 13: Phase error needs also to be modeled in the BS demod test for JCE. Smaller number of phase offset compared to the UE RF requirements should be model in the BS demodulation requirements, and the exact number can be further discussed in the next meeting pending on the inputs from TE side.
Proposal 14: Do not model the power error when defining BS demod requirement.
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