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1 Introduction
In RAN4#109 meeting, 8Rx UE demodulation and CSI requirements were discussed and a WF was agreed[1]. In this paper, we will provide the detailed discussions on remaining issues for 8Rx CA.
2 Discussion

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 


From our understanding, CA requirements just reuse single CC requirements in R-15/ R-16 for 2Rx and 4Rx CA requirements. We believe that this default rule can also be used for 8Rx CA requirements.
Proposal 1. Keep TDLC300-100 ULA Medium B that is same as Rank 2 single carrier test for CA requirements.

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 2: 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


In the previous meeting, we discussed how to align the simulation results for rank 2, 4 and 8 for 8Rx. From the simulation results, we can observe that has a significant difference between different companies. After we did some analysis, it is believed that the difference is due to variations in the receiver implementations, e.g. 4Rx + 4Rx for baseband implementation. Hence, defining a single requirement for two types of implementation is a challenge. 
Therefore, in our understanding, we shall define two separate requirements for different implementation, instead of defining only one requirement that includes two implementation methods. Regarding the SNR operating point, RAN4 shall clarify the SNR value for different receiver implementation and all companies can bring the simulation results.
Observation 1. There are two different baseband implementations for Rank 4 applicable to UE support 8Rx.
Proposal 2. Define two sets of requirements applicable to UE support Rank 4 when there are two different implementation methods.

HARQ process and K1 value for 8Rx CA test
Regarding the HARQ process and K1 value for 8Rx CA test, we have the candidate options captured in following table:
	
	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





	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





(1) FDD 15 kHz Scell + TDD 30 kHz Pcell
As shown in following Figure 2-1, we share our analysis on the number of HARQ process and K1 value for CA with different duplex mode and/or different numerology based on R-16 PDSCH CA requirements[2],
[image: ]
Figure 2-1. HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell + FDD 15kHz SCS SCell
For TDD 30 kHz Pcell + FDD 15 kHz Scell scenario, the candidate options as shown in above table , HARQ process = 10 with k1 value = {8,7,6,5,5,4,3,11}, and HARQ = 8 with k1 value = {8,7,6,5,5,4,3,2}. In R-16, RAN4 finally agreed to use k1 value = {8,7,6,5,5,4,3,11} for 4Rx CA requirements. We believe that the same applies for 8Rx CA requirement. 
In this section, we share our analysis on why  HARQ = 8 with k1 value = {8,7,6,5,5,4,3,2} can’t be used for TDD 30 kHz Pcell + FDD 15 kHz Scell scenario. Firstly, if we use k1 value = {8,7,6,5,5,4,3,2} for TDD 30kHz PCell, so the total entries of dl-DataToUL-ACK = {2,3,4,5,6,7,8,9,11} including Pcell and Scell. However, according to TS38.331, dl-DataToUL-ACK has up to 8 entries. Hence, K1 values need to be reduced to 8 entries in total. Hence, the k1 value should be k1 value = {8,7,6,5,5,4,3,11}.
[image: ]
What’s more, if we use k1 value = {8,7,6,5,5,4,3,11} for TDD 30kHz SCS PCell. The HARQ process can’t be 8, it should be 10. As shown in Figure 2-2, we can observe that HARQ 8 is always be occupied before ACK/NACK feedback. So in the second TDD period, HARQ process can’t be used for S slot. Considering the minimum number of HARQ supported by NR, the HARQ process should be 10. 
[image: ]
Figure 2-2. HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell
For Rank 8 CA requirements, RAN4 has agreed that the PDSCH will not be scheduled in a special slot for 8-layer cases. Thus, the k1 value could be {8,7,6,5,5,4,3}. And considering the minimum number of HARQ process, i.e. 8 HARQ process.

(2) TDD 30kHz PCell + TDD 30kHz SCell 
As shown in following Figure 2-3, we share our analysis on the number of HARQ process and K1 value for CA with different duplex mode and/or different numerology based on R-16 PDSCH CA requirements[2],
[image: ]
Figure 2-3. HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell + TDD 30kHz SCS SCell
In order to decide the number of HARQ process and k1 value, UE PDSCH processing capability N1 should be considered. N1 is taken to be the smallest SCS 15 kHz, 14 symbols that equals to the UE minimum PDSCH processing capability 1. The k1 value should be based on the slots number of TDD 30kHz SCS PCell, i.e.{8,7,6,5,5,4,3,2}. Therefore, k1 = {8,7,6,5,5,4,3,2} could be used for TDD 30kHz SCS PCell carriers with 8 HARQ process for Rank 2 CA demodulation requirements. 
For Rank 8 CA requirements, RAN4 has agreed that the PDSCH will not be scheduled in a special slot for 8-layer cases. Thus, the k1 value could be {8,7,6,5,5,4,3}. And considering the minimum number of HARQ process, i.e. 8 HARQ process.
Proposal 3. Number of HARQ process and k1 value for TDD 30kHz SCS PCell + FDD 15kHz SCS SCell:
-  Rank 2 
· 10 process with k1 value = {8,7,6,5,5,4,3,11}
-  Rank 8 
· 8 process with k1 value = {8,7,6,5,5,4,3}
Proposal 4. Number of HARQ process and k1 value for TDD 30kHz SCS PCell + TDD 30kHz SCS SCell:
-  Rank 2 
· 8 process with k1 value = {8,7,6,5,5,4,3,2}
-  Rank 8 
· 8 process with k1 value = {8,7,6,5,5,4,3}


3 Conclusion
In this contribution, we give some discussions on demodulation performance requirements for 8Rx, The conclusions are:
Observation 1. There are two different baseband implementations for Rank 4 applicable to UE support 8Rx.

Proposal 1. Keep TDLC300-100 ULA Medium B that is same as Rank 2 single carrier test for CA requirements.
Proposal 2. Define two sets of requirements applicable to UE support Rank 4 when there are two different implementation methods.

Proposal 3. Number of HARQ process and k1 value for TDD 30kHz SCS PCell + FDD 15kHz SCS SCell:
-  Rank 2 
· 10 process with k1 value = {8,7,6,5,5,4,3,11}
-  Rank 8 
· 8 process with k1 value = {8,7,6,5,5,4,3}

Proposal 4. Number of HARQ process and k1 value for TDD 30kHz SCS PCell + TDD 30kHz SCS SCell:
-  Rank 2 
· 8 process with k1 value = {8,7,6,5,5,4,3,2}
-  Rank 8 
· 8 process with k1 value = {8,7,6,5,5,4,3}
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S SEQUENCE {
TesourceSetToAddModList SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet OPTIONAL,

1 SEQUENCE (SIZE (1..MaxNIofPUCCH-ResOUrceSets)) OF PUCCH-ResourceSetId OPTIONAL,
TesourceToAddModList SEQUENCE (SIZE (1..maxNIofPUCCH-Resources)) OF PUCCH-Resource OPTIONAL, -- Need N
SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resourceld OPTIONAL, —- Need N
formati SetupRelease { PUCCH-FOrmatConfig GPTIONAL, -- Need M
format2 SetupRelease { PUCCH-FormatConfig } OPTIONAL,
format3 SetupRelease { PUCCH-FormatConfig } OPTIONAL, Need M
format4 SetupRelease { PUCCH-FormatConfig } OPTIONAL, -- Need M
schedulingRequestResourceToAddModList ~ SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig
OPTIONAL, —- Need N
schedulingRequestResourceToReleaseList SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId
OPTIONAL, —- Need N

multi-CSI-PUCCH-ResourceList SEQUENCE (SIZE (1..2)) OF PUCCH-ResourceId OPTIONAL, -
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