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1. Introduction
[bookmark: _Hlk528680199]In previous RAN4#103-e meeting, companies discussed the PUSCH requirement for NR coverage enhancement. The agreements are captured in WF [1].  
In this contribution, remaining open issues of PUSCH TBoMS and PUSCH with JCE demodulation requirements are further analyzed.     

2. Discussion
2.1	General
Issue 1-1-1: Test requirement discussion scope for FR2
· Candidate options:
· Option 1: Limit the discussion scope of Rel-17 NR coverage enhancement demodulation to FR1 and FR2-1
· Option 2: Do not limit the scope in this WI 
· Option 3: Following the decision in the RF core part
· Recommended WF
· FFS

Both WI for NR coverage enhancement and WI for FR2-2 requirements are new for Rel-17. It’s hard to combine two new WI discussions together. Furthermore, the bottle neck of FR2-2 coverage has not been fully studied in 3GPP. It’s not clear that what feature and scenario should be considered for the requirement. RF sessions have the similar discussion and an agreement had been achieved in R4-2211225 that “RAN4 has also agreed not to extend the DMRS bundling requirements to FR2-2 in Rel-17.”. A similar agreement could be made on demodulation side. 
Proposal 1:  Do not extend Rel-17 NR coverage enhancement demodulation requirements to FR2-2.

2.2	PUSCH TBoMS
Issue 1-2-3: TDD UL-DL pattern and test applicability for BS requirements for PUSCH TBoMS
· Agreement in the second round:
· For 15/60/120kHz SCS, use 3D1S1U, S=10D:2G:2U.
· Keep the existing test applicability rule for different TDD UL-DL patterns as baseline and interested companies can bring TBoMS simulation results between different TDD patterns.
· FFS whether Manufacturer declaration can be introduced for TBoMS

From the demodulation point of view, the rate matching of TBoMS is different from legacy single slot-based transmission. It’s necessary for a BS to declare supporting this feature to avoid extra tests. The manufacture declaration could be simply like following: 
	D.xxx
	PUSCH TB over Multi-Slots
	Declaration of PUSCH TB over Multi-Slots support



Proposal 2: New manufacture declaration could be introduced for PUSCH TBoMS. 

2.3	PUSCH with JCE
Issue 1-3-5: TDD UL-DL pattern for BS PUSCH demod requirements with JCE
· Make decision on the exact TDD pattern for 15/60/120kHz in the next meeting.
· Use the below TDD patterns for simulation purpose only, and the same requirement can be reused if other patterns with same number of UL consecutive slot number is agreed:
· 7D1S2U, S=6D:4G:4U for 15kHz
· DDSUU, S=10G:2G:2U for 60/120kHz
· Further discuss the test applicability rule for different TDD patterns for each SCS.
· Further discuss the details for manufacture declaration for PUSCH JCE.

Firstly, the implementation of JCE needs additional receiver algorithm implementations compared to previous release receivers, so manufactory declarations are needed to cover both FDD and TDD scenarios. 
Secondly, the JCE performance is highly relevant to the number of available consecutive UL slots in a certain TDD pattern. For FDD, there is no problem. For TDD, it would be tricky. If only one consecutive UL slot is available, no JCE could be implemented, and then no JCE test is needed. The JCE tests can only be tested on the TDD pattern with multiple consecutive UL slots. But TDD patterns are introduced for different SCS, so the  declaration for JCE would be relevant to SCS support. 
During the RAN4#103-e, some companies propose to use following manufacture declaration for SCS. We think this declaration could cover two points above, but more clarification might be needed.
	D.xxx
	SCS for PUSCH with JCE and PUCCH with JCE
	Declaration of supported SCS for PUSCH with JCE and PUCCH with JCE, i.e., {15kHz, 30kHz, 60kHz, 120kHz}



One issue is that there is a manufacture declaration on NR supported channel bandwidths and SCS (D.14). It would be better to indicate that D.14 should be the pre-condition of the SCS declaration for JCE. 
The other issue is that a BS could use this declaration to skip JCE tests. Actually, the capability of supporting JCE is independent of SCS. It means once a BS support JCE on 30kHz SCS then it should also support JCE on 15kHz SCS. The original motivation of this declaration is to test JCE only when feasible TDD pattern is supported on that SCS. If we simply follow the declaration above, a BS could only declare supporting JCE on 30kHz SCS even it supports feasible TDD pattern (i.e., 7D1S2U) on 15kHz SCS. In that case, only 30kHz will be tested. We think this situation should be avoided.     
To avoid both issues above, a proper note might be needed to indicate the relation to D.14 and also the regulation for declaration. 
Proposal 3: Take following manufacture declaration for PUSCH/PUCCH with JCE requirements. 
	D.xxx
	SCS for PUSCH with DM-RS bundling and PUCCH with DM-RS bundling
	Declaration of supported SCS for PUSCH with DM-RS bundling and PUCCH with DM-RS bundling, i.e., {15kHz, 30kHz, 60kHz, 120kHz} (Note Z)

	Note Z: Declaration should be made based on supported SCS (D.14) for which UL-DL configuration with more than one consecutive UL slots are supported. 



If a BS supports multiple TDD patterns which include multiple consecutive TDD patterns, the test should be done on only one of them. In that case, how to configure the DM-RS bundling window length and repetition number should be considered. For FDD, 8 consecutive UL slots are agreed as cTDW/aTDW for the requirement. For TDD, 2 consecutive UL slots are agreed as cTDW/aTDW for the requirement. Comparing 2 slots cTDW results in FDD and TDD, the JCE performance is similar. That means it’s possible to apply one requirement for all different TDD UL-DL patterns if a BS supports multiple patterns of them. The applicability rules for different SCS and TDD UL-DL patterns could be defined as following, and a note in parameter table is also needed.

Proposal 4: Take following applicability rule for PUSCH/PUCCH with JCE requirements. 

· Applicability rule for different SCS
Unless otherwise stated, PUSCH with DM-RS bundling requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.xxx in table 4.6-1).
· Applicability rule for TDD with different UL-DL patterns 
Unless otherwise stated, for each subcarrier spacing declared to be supported, if BS supports multiple TDD UL-DL patterns, only one of the supported TDD UL-DL patterns with more than one consecutive UL slots shall be used for the DM-RS bundling tests. The corresponding repetitions and configurable time domain bundling windows for DM-RS bundling shall be set as 2 slots.
Proposal 5: Adding a note in parameters table “The same requirements of TDD could be appliable to TDD with different UL-DL patterns by setting repetitions and configurable time domain bundling windows for DM-RS bundling as 2 slots.” 


Issue 1-3-7: PRB number for BS PUSCH demod requirements with JCE
· Agreement in the second round:
· Cover the minimum bandwidth for each SCS
· FFS on whether to cover the largest CHBW for each SCS and interested companies can bring simulation results for the largest CHBW

It is typical for coverage limited scenario that only a few of PRBs or small bandwidths could be used by UL transmission. In that case, requirements for the maximum bandwidth are not practical for real network. To reduce unnecessary effort for tests and simulation, only requirements for the minimum channel bandwidth are suitable for PUSCH with JCE demodulation. 
Proposal 6: No requirements for the largest CBW for each SCS for PUSCH with JCE demodulation. 

Issue 1-3-11: Additional DM-RS position for BS PUSCH demod requirements with JCE (for FR1)
· Candidate options:
· Option 1: DMRS 1+1
· Option 2: Use both DMRS 1+1 and DMRS 1+0
· Option 3: DMRS 1+0
· Agreement in the second round:
· Make decision on this issue in the next meeting.
· Encourage companies to bring simulation results for both DMRS1+1 and DMRS1+0 for the next meeting

Based on our simulation results [2], there is no clear performance difference between DM-RS 1+0 and 1+1 configurations, but more DM-RS configuration is expected to deliver better performance during the real network. In that case, DM-RS 1+1 could be more typical for JCE to handle more severe channel. From the requirement perspective, only DM-RS 1+1 configuration is enough to check the JCE algorithm. 
Proposal 7: Define requirement only for DM-RS 1+1 configuration for FR1 PUSCH with JCE demodulation.  

Issue 1-3-12: Phase offset modelling for BS PUSCH demod requirements with JCE
· Use ideal phase modelling for the PUSCH JCE test and choose one of the following
· Option 1: companies can consider the phase offset in the impairment results
· Option 2: Phase offset model will be covered by TE side in the test uncertainty.

Phase offset is caused by the phase inconsistency on the transmitter side. If the corresponding model is considered as in the requirement, it should be implemented in TE. Then it seems more reasonable to be considered as a test uncertainty. But on the other hand, based on RAN1 simulation results, both phase offset models will cause small performance degradation (~1dB) in both FR1 and FR2 when cTDW is less than 8 slots at 10% BLER. Regarding only 70% throughput will be check in demodulation, the phase offset impact could be furtherly smaller. In that case, the phase noise impact could be considered in impairment rather than test uncertainty to reduce the complexity of TE implementation. 
Proposal 8: Consider phase offset impact on PUSCH with JCE in the impairment results.  

CFO modeling for the JCE simulation
· Agreement in the second round:
· Do not consider CFO modelling for the PUSCH JCE test and choose one of the following
· Option 1: companies can consider the CFO impact in the impairment results.
· Option 2: CFO impact will be covered by TE side in the test uncertainty.

For UL test, the TE would be synchronized with BS. The remaining CFO could be ignored. Furthermore, 0.1ppm CFO impact is small based on the simulation results. So it is reasonable to consider the impact in the impairment results depending on companies’ preference. 
Proposal 9: Consider CFO impact on PUSCH with JCE demodulation in the impairment results.

3. Conclusions
Proposal 1:  Do not extend Rel-17 NR coverage enhancement demodulation requirements to FR2-2.
Proposal 2: New manufacture declaration could be introduced for PUSCH TBoMS. 
	D.xxx
	PUSCH TB over Multi-Slots
	Declaration of PUSCH TB over Multi-Slots support



Proposal 3: Take following manufacture declaration for PUSCH/PUCCH with JCE requirements. 
	D.xxx
	SCS for PUSCH with DM-RS bundling and PUCCH with DM-RS bundling
	Declaration of supported SCS for PUSCH with DM-RS bundling and PUCCH with DM-RS bundling, i.e., {15kHz, 30kHz, 60kHz, 120kHz} (Note Z)

	Note Z: Declaration should be made based on supported SCS (D.14) for which UL-DL configuration with more than one consecutive UL slots are supported. 



Proposal 4: Take following applicability rule for PUSCH/PUCCH with JCE requirements. 

· Applicability rule for different SCS
Unless otherwise stated, PUSCH with DM-RS bundling requirement tests shall apply only for each subcarrier spacing declared to be supported (see D.xxx in table 4.6-1).
· Applicability rule for TDD with different UL-DL patterns 
Unless otherwise stated, for each subcarrier spacing declared to be supported, if BS supports multiple TDD UL-DL patterns, only one of the supported TDD UL-DL patterns with more than one consecutive UL slots shall be used for the DM-RS bundling tests. The corresponding repetitions and configurable time domain bundling windows for DM-RS bundling shall be set as 2 slots.
Proposal 5: Adding a note in parameters table “The same requirements of TDD could be appliable to TDD with different UL-DL patterns by setting repetitions and configurable time domain bundling windows for DM-RS bundling as 2 slots.”
Proposal 6: No requirements for the largest CBW for each SCS for PUSCH with JCE demodulation. 
Proposal 7: Define requirement only for DM-RS 1+1 configuration for FR1 PUSCH with JCE demodulation.  
Proposal 8: Consider phase offset impact on PUSCH with JCE in the impairment results.  
Proposal 9: Consider CFO impact on PUSCH with JCE demodulation in the impairment results.
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