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Background
In RAN4#109 meeting, a WF for UE 8Rx performance requirements was approved [1]. This contribution provides our views on the remaining open issues.
1   Discussions
Single carrier requirements
As per [1], two open issues are left that both are for the results alignment to derive the final performance requirements.
	Issue 2-2: How to align the ideal results alignment
· Proposals
· Option 1: Remove the farthest outlier from the average results (the methodology used from NR BS Rel-15)
· Option 2: Set the max allowed span to 3dB
Issue 2-3: Margin to be added on top of the averaged impairment results for requirements derivation
· Proposal
· Rank2 and Rank8
· Add 0.8dB margin for 64QAM (the methodology used from NR UE Rel-15)
· Rank4
· Option 1: Add 0.8dB margin for 64QAM (the methodology used from NR UE Rel-15)
· Option 2: Add 1.5dB margin for 64QAM
· Option 23: Define two sets of requirements applicable to UE support of maxNumberMIMO-LayersPDSCH = 8 and maxNumberMIMO-LayersPDSCH = 4 respectively
· Set A (maxNumberMIMO-LayersPDSCH=8): Add 0.8dB margin (the methodology used from NR UE Rel-15)
· Set B (maxNumberMIMO-LayersPDSCH=4): Add an additional margin on top of Set A results (e.g., 1.2dB); i.e., When UE supports maxNumberMIMO-LayersPDSCH=4, an additional x dB margin is added to the SNR requirement



Generally we prefer to reuse the alignment methodology used from NR UE Rel-15, i.e. 2.5dB span with removal of the farthest outlier from the average results, except for cases with some special technical considerations that should be discussed case by case.
Proposal 1: Use the alignment methodology used from NR UE Rel-15, i.e. 2.5dB span with removal of the farthest outlier from the average results.

Potential receiver assumption
RAN4 assumes MMSE-IRC as the default receiver for demodulation performance requirements definition unless otherwise stated. No interference is considered in the test cases, there should not be big performance difference between normal 8Rx receiver and other receiver with simplified 8Rx matrix inverse operation, but based on the simulation results collection [2], there is 3.1dB span and 4.3dB span for cases of Rank2 and Rank4 respectively. Our understanding is that the potential simulation results span may come from different fundamental receiver structures rather than MMSE-IRC receiver with simplified matrix inverse operation. To make it clear what’s the source of making such large span, RAN4 should discuss the potential receiver assumption. Based on our understanding, two general receiver types are possible: One is baseline receiver, MIMO detector with 8Rx, the other simplified receiver is implemented by using two separate 4Rx to perform MIMO detection and combining the LLR of two demodulation paths before applying the LDPC decoding [3, 4] as depicted in Figure 2-1 below:

Figure 2-1: Simplified 8Rx receiver
Observation 1: There are two different 8Rx receiver types:
Type1: Baseline 8Rx receiver: MIMO detector with 8Rx
Type2: Simplified 8Rx receiver: UE performs two separate 4Rx MIMO detector and combines the LLR (Note that this receiver assumption can’t work for 8 layers)
For Type 2 simplified dual 4Rx receiver, UE can avoid complex 8x8 matrix inverse operation and just duplicate the existing 4Rx MIMO detector. However, such simplified receiver will reduce the spatial degree of freedom to suppress the cross-layer interference but can acquire some power combination gain. The simulation results for two receiver types are shown in Figure 2-2:
	
	


Figure 2-2: Simulation results for Rank2 and Rank4
The summary of simulation results is captured in Table 2-1:
Table 2-1: Summary of simulation results
	SNR(dB)@70% of max TP
	Rank2
	Rank4

	Baseline 8Rx receiver
	10.5
	8.4

	Simplified 8Rx receiver
	12.3
	12.2

	Performance degradation
	1.8
	3.8


According to the Table 2-1: the performance gaps between two receiver types are very close to the simulation results span among companies in [2], meanwhile, the results of simplified 8Rx receiver are quite close to the farthest results from average in [2]. 
Observation 2: 1.8dB and 3.8dB performance degradation are observed for Rank 2 and Rank 4 cases respectively for Type 2 simplified dual 4Rx receiver compared to Type 1 Baseline 8Rx receiver 
Observation 3: Two CWs, i.e. more than 4 layers, can’t be supported by Type 2 simplified dual 4Rx receiver
Observation 4: The performance gaps between two receiver types are very close to the simulation results span among companies, meanwhile, the results of Type 2 simplified dual 4Rx receiver are quite close to the farthest results from average in [2].
Considering these two receiver assumptions have huge impact on the performance, before discussing how to align the results and define the requirements, we encourage companies to clarify the receiver assumption for Rank2 and 4 cases for the submitted results, and if necessary, RAN4 can define two optional features without UE capability for the two different receiver implementations and two sets of requirements with test applicability rules as per the two optional features. Option 3 [1] proposes to define two set of requirements for Rank 4 cases as per the supported maxNumberMIMO-LayersPDSCH = 4 or 8, but according to our analysis above, we can clearly know that technical consideration to define two set of requirements are not related to the supported maxNumberMIMO-LayersPDSCH at all, if companies insist on defining two set of requirements, as a compromise, the technical logic behind for different requirements should be clearly specified as always did for any other RAN4 demodulation WIs, i.e. we propose to define two set of requirements based on these two different receiver types.
Proposal 2: Define two optional features without UE capability for these two different receiver implementation and two sets of requirements with corresponding test applicability rules as per such two optional UE features.  
CA requirements
Antenna correlation for carrier with Rank 2 in 8Rx CA test
One issue is antenna correlation for carrier with Rank2, the related options are listed as follows [1]:
	Antenna correlation for carrier with Rank 2 in 8Rx CA test
· Proposal
· Option 1: Revisit Rank 2 to TDLA30-10 Low 
· Option 2: Keep TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154) that is same as Rank 2 single carrier test 
Note: Interested companies can provide simulation results with both channel conditions TDLA30-10 Low and TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154) for the next RAN4#110 meeting


Some companies questioned the rationality that different CCs are configured with different propagation conditions and antenna correlation, i.e. Option2, our understanding is that different component carrier have different center frequency and are transmitted by different cells, so channel characteristics can be different. RAN4 always reuses single carrier simulation assumptions for CA to reduce the simulation effort and also can check the possible carrier performance difference under operation between single carrier and CA with per CC checking methodology. No any technical concerns are raised, but just to align this Rel-18 WI with Rel-16 CA test configuration, it is very unreasonable and unacceptable. We support option 2 to keep same propagation condition and antenna correlation with that for single carrier test. 
Proposal 3: For CA test with Rank2, RAN4 keeps to use TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154) that is same as Rank 2 single carrier test.

K1 value for 8Rx CA test
We have following options for 8Rx CA test [1]:
	The number of slots between PDSCH and corresponding HARQ-ACK information
	CCs with the same duplex mode and SCS with Pcell
	CCs with different duplex mode and/or SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	{2}
	{2}

	
	TDD PCell
	Option 1: 
For CC with Rank 2: {8,7,6,5,5,4,3,2}
For CC with Rank 8: {8,7,6,5,5,4,3}

Option 2: 
For CC with Rank 2: {8,7,6,5,5,4,3,11}
For CC with Rank 8: {8,7,6,5,5,4,3}

Other options not precluded

	{7,5,4,11,9}

	FDD 15 kHz + 
FDD 15 kHz CA
	FDD PCell
	{2}
	N/A

	TDD 30 kHz + 
TDD 30 kHz CA
	TDD PCell
	Option 1: 
For CC with Rank 2: {8,7,6,5,5,4,3,2}
For CC with Rank 8: {8,7,6,5,5,4,3}

Option 2: 
For CC with Rank2: {8,7,6,5,5,4,3,11}
For CC with Rank 8: {8,7,6,5,5,4,3}

Other options not precluded

	N/A


TS 38.331 specifies that up to 8 candidate k1 values can be configured in the IE dl-DataToUl-ACK:
[image: ]
However, regarding the option 1 for case with FDD 15kHz+ TDD 30kHz CA with TDD PCell, with special slot scheduled, there are total 9 k1 values for all CCs including TDD CCs and FDD CCs (The union of {8,7,6,5,5,4,3,2} and {7,5,4,11,9}). Therefore, a CR [5] was agreed in RAN4#105 meeting to modify the k1 value for S slot of TDD CCs from 2 to 11 to make the total number of k1 value be 8. Therefore, we propose Option 2 to comply with the current configuration.
For TDD30kHz+TDD30kHz CA, the existing k1 value set {8,7,6,5,5,4,3,2} in spec has 7 values, which doesn’t exceed 8, so current k1 value set can be reused for 8Rx, i.e. Option 1.
Observation 5: A CR[5] was agreed in RAN4#105 meeting to modify the k1 value for S slot from 2 to 11 for CCs with the same duplex mode and SCS with Pcell for FDD 15 kHz + TDD 30 kHz CA with TDD PCell to comply with the restriction specified in 38.331 that up to 8 candidate k1 values can be configured in the RRC IE dl-DataToUl-ACK.
Proposal 4: Configure following k1 value:
FDD 15 kHz + TDD 30 kHz CA:
For CC with Rank 2: {8,7,6,5,5,4,3,11}
For CC with Rank 8: {8,7,6,5,5,4,3}
TDD 30 kHz + TDD 30 kHz CA:
For CC with Rank 2: {8,7,6,5,5,4,3,2}
For CC with Rank 8: {8,7,6,5,5,4,3}

[bookmark: _Hlk156917784]Number of HARQ process for 8Rx CA test
We have following options for HARQ processes [1]:
	[bookmark: _Hlk156918070]HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	Option 1: 8

Option 2:
For CC with Rank 2: 10
For CC with Rank 8: 8

Other options not precluded

	8

	FDD 15 kHz + 
FDD 15 kHz CA
	FDD PCell
	4
	N/A

	TDD 30 kHz + 
TDD 30 kHz CA
	TDD PCell
	Option 1: 8

Option 2:
For CC with Rank 2: 10
For CC with Rank 8: 8

Other options not precluded

	N/A


We would like to clarify again that we should set number of HARQ processes larger than k1 to avoid any scheduling problem since RAN4 always assume TE schedule HARQ processes sequentially. If we set k1 value for S slot to 11 and use HARQ 8, see following Figure, BS receives the HARQ information of slot7 in slot 18, causing the issue that BS can’t schedule HARQ 8 in slot 17. 

Observation 6: There will be some scheduling problems if we set any k1 value making the HARQ RTT larger than HARQ processes. 
Single carrier and CA tests have different k1 value set, the max k1 value for single carrier test is 8, which doesn’t exceed the agreed HARQ processes number, so we don’t need to change the HARQ processes for single carrier test.
For FDD 15 kHz + TDD 30 kHz CA Rank2, the max k1 value is 11, so the HARQ processes number should be increased to 10. For TDD 30kHz + TDD 30 kHz CA, the max k1 value is 8, we don’t need to change the HARQ processes.
Proposal 5: Configure following HARQ processes number:
FDD 15 kHz + TDD 30 kHz CA:
For CC with Rank 2: 10
For CC with Rank 8: 8
TDD 30 kHz + TDD 30 kHz CA: 8
2   Conclusion
As per our analysis and simulations above, our observations and proposals are summarized as following respectively:
Observation 1: There are two different 8Rx receiver types:
Type1: Baseline 8Rx receiver: MIMO detector with 8Rx
Type2: Simplified 8Rx receiver: UE performs two separate 4Rx MIMO detector and combines the LLR (Note that this receiver assumption can’t work for 8 layers)
Observation 2: 1.8dB and 3.8dB performance degradation for Rank 2 and Rank 4 cases respectively for Type 2 simplified dual 4Rx receiver compared to Type 1 Baseline 8Rx receiver 
Observation 3: Two CWs, i.e. more than 4 layers, can’t be supported by Type 2 simplified dual 4Rx receiver
Observation 4: The performance gaps between two receiver types are very close to the simulation results span among companies, meanwhile, the results of Type 2 simplified dual 4Rx receiver are quite close to the farthest results from average in [2].
Observation 5: A CR[5] was agreed in RAN4#105 meeting to modify the k1 value for S slot from 2 to 11 for CCs with the same duplex mode and SCS with Pcell for FDD 15 kHz + TDD 30 kHz CA with TDD PCell to comply with the restriction specified in 38.331 that up to 8 candidate k1 values can be configured in the RRC IE dl-DataToUl-ACK.
Observation 6: There will be some scheduling problems if we set any k1 value making the HARQ RTT larger than HARQ processes. 

Proposal 1: Use the alignment methodology used from NR UE Rel-15, i.e. 2.5dB span with removal of the farthest outlier from the average results.
Proposal 2: Define two optional features without UE capability for these two different receiver implementation and two sets of requirements with corresponding test applicability rules as per such two optional UE features.  
Proposal 3: For CA test with Rank2, RAN4 keeps to use TDLC300-100 ULA Medium B ( = 0.3,  = 0.005154) that is same as Rank 2 single carrier test.
Proposal 4: Configure following k1 value:
FDD 15 kHz + TDD 30 kHz CA:
For CC with Rank 2: {8,7,6,5,5,4,3,11}
For CC with Rank 8: {8,7,6,5,5,4,3}
TDD 30 kHz + TDD 30 kHz CA:
For CC with Rank 2: {8,7,6,5,5,4,3,2}
For CC with Rank 8: {8,7,6,5,5,4,3}
Proposal 5: Configure following HARQ processes number:
FDD 15 kHz + TDD 30 kHz CA:
For CC with Rank 2: 10
For CC with Rank 8: 8
TDD 30 kHz + TDD 30 kHz CA: 8
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PUCCH-Config : SEQUENCE {
resourceSetToAddiodList SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet ~OPTIONAL, —- He:
resourceSetToReleaseList SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId OPTIONAL, —- He:
resourceToAddModLizt SEQUENCE (SIZE (1..maxNrofPUCCE-Resources)) OF PUCCE-Resource OPTIONAL, —- Ne:
resourceToReleaseList SEQUENCE (SIZE (1..maxNrofPUCCE-Resources)) OF PUCCH-Resourceld OPTIONAL, —- Ne:
formatl SetupRelease { PUCCH-FormatConfig } OPTIONAL, —- Ne:
format2 SetupRelease { PUCCH-FormatConfig } OPTIONAL, —- Ne:
format3 SetupRelease { PUCCH-FormatConfig } OPTIONAL, —- Ne:
formate SetupRelease { PUCCH-FormatConfig } OPTIONAL, —- Ne:

schedulingRequestResourceToAddiodList — SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig
OPTIONAL, —- Ne:
schedulingRequestResourceToReleaseList SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId
OPTIONAL, —- X

multi-CSI-PUCCH-ResourceList SEQUENCE (S1Z1 .2)) OF PUCCH-Resourceld OPTIONAL, -- N
_ OF INTEGER (0..15) OPTIONAL, -- B
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