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1. Introduction

In RAN4 #92 meeting, the way forward on PDSCH CA normal demodulation requirements was approved in [1]. This contribution discusses the open issues listed in the WF.
2. Discussion
2.1  Single carrier SCS
In the last meeting, the following agreements were reached regarding the single carrier SCS:
· Single carrier SCS
· FR1
· FR1 FDD:15kHz 
· FR1 TDD: 30kHz, FFS 15kHz
· FR2: 120kHz
We suggest to cover FR1 TDD 15kHz according to operator’s request in previous meetings, and use TDD UL-DL pattern of 3D1S1U with S=10:2:2 for 15 kHz SCS.
Proposal 1: For single carrier SCS, cover FR1 TDD 15kHz. Use TDD UL-DL pattern of 3D1S1U with S=10:2:2 for FR1 TDD 15kHz.
2.2  Rank and MCS for FR2
In the last meeting, the following agreements were reached regarding the rank and MCS:

· Rank: 
· FR1: Rank 2 for 2Rx and 4Rx
· FR2: 
· Option 1: Rank 2
· Option 2: Rank 1
· MCS: 
· FR1: MCS 13 (16QAM, CR 1/2)
· FR2: 
· Option 1: MCS 13 (16QAM, CR 1/2)
· Option 2: MCS 4 (QPSK, CR 1/3)
· Option 3: MCS 10 or 11 (16 QAM) 
· Other options are not precluded
The open issue is whether to use lower rank or lower MCS for FR2, due to the potential limitation on achievable SNR levels in OTA test. In our view, if there is potential risk that the required SNR for rank 2 MCS13 cannot be achieved in FR2 OTA test, it would be better to use rank 2 and consider a lower MCS level with 16QAM.
In the following, we provide alignment simulation results for MCS 10, 11, 13 with rank 2.
Table 1: SNR at 70% TP, TDLA30-10 ULA low
	SNR at 70% TP (dB)
	MCS 10
	MCS 11
	MCS 13

	Alignment result
	8.9
	9.8
	12.1

	Alignment result + 
~2dB (IM and extra margin)
	~11
	~12
	~14


After adding the additional margin of around 2dB (including impairment margin and extra margin), the 38.101-4 performance requirements for MCS 10 and MCS 11 are around 11dB and 12 dB respectively. 

Proposal 2: For FR2, use rank 2 and MCS 10 or MCS 11.
2.3  PUCCH capacity
In our view, PUCCH capacity is not an issue, considering the flexible PUCCH design in NR. In the ad-hoc at the last meeting, two questions related to PUCCH capacity were raised.
· Question 1: which PUCCH format is to be used in the test?
· Question 2: what is the assumption on the number of DL CCs?
For question 1, we summarized the main characteristics of different PUCCH formats in Table 2, according to RAN1 specification. It is seen that PUCCH format 3 with up to 14 OFDM symbols and up to 16 PRBs is the PUCCH format with the largest capability. So, to carry ACK/NACK feedback, we propose to use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs.
For question 2, based on the RAN4 core specification in June 2019 version, the maximum number of DL CCs is 4 and 8 in FR1 and FR2 respectively. For PUCCH format 3, the UCI is coded by using Reed Muller code codes for no more than 11 UCI bits and Polar codes for large payloads. So, in our understanding, PUCCH format 3 is quite flexible to accommodate large payload size. 
Table 2: PUCCH formats
	PUCCH format
	Length in OFDM symbols
	Occupied RB number
	Number of bits

	0
	1 – 2
	1 RB
	≤2

	1
	4 – 14
	1 RB
	≤2

	2
	1 – 2
	1-16 RBs
	>2

	3
	4 – 14
	1,2,3,4,5,6,8,9,10,12,15 or 16 RBs

· 
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· Max allowed RB number is 16
	>2

	4
	4 – 14
	1 RB
	>2


Proposal 3: To carry ACK/NACK feedback, use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs.
Observation 1: PUCCH capacity issue is not observed based on proposal 3.
2.4  HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
In the last meeting, the following agreements were reached regarding HARQ process number:
· HARQ process number:
· Baseline
· FR1 FDD: 4
· FR1 TDD with 30 kHz SCS: 8
· FR2 TDD with 120 kHz SCS: 8
· HARQ process number for TDD-FDD CA: FFS
· Single carrier performance for TDD-FDD CA
· Further discuss whether the requirement of one TDD/FDD carrier in TDD-TDD/ FDD-FDD CA can be applied for TDD-FDD CA with TDD Pcell or FDD Pcell.
In LTE, the HARQ process number used for FDD-FDD CA, TDD-TDD CA and TDD-FDD CA is summarized in the following table. 

Table 3: LTE HARQ process number for CA

	LTE CA
	HARQ process number

	FDD-FDD CA
	8

	TDD-TDD CA
	7

	TDD-FDD CA
	FDD PCell
	8 for FDD and TDD CCs

	
	TDD PCell
	7 for TDD CC, 11 for FDD CC


Considering the HARQ process number for NR CA, not only TDD-FDD CA but also TDD-TDD CA with different SCSs need to be discussed.
Firstly, for FR1 TDD-FDD CA and TDD-TDD CA with different SCSs, i.e., FDD 15 kHz + TDD 30 kHz, TDD 15 kHz + TDD 30 kHz, the HARQ process number for Pcell can be same with that for single carrier PDSCH test.
Proposal 4-1: For FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, the HARQ process number for Pcell is same with that for single carrier test.
Then, we will discuss the HARQ process number for the Scell for the following four cases:

· Case a: HARQ process number for TDD 30 kHz Scell with FDD 15 kHz Pcell
· Case b: HARQ process number for FDD 15 kHz Scell with TDD 30 kHz Pcell
· Case c: HARQ process number for TDD 30kHz Scell with TDD 15 kHz Pcell
· Case d: HARQ process number for TDD 15kHz Scell with TDD 30 kHz Pcell
Case a: HARQ process number for TDD 30 kHz Scell with FDD 15 kHz Pcell
The HARQ process for TDD Scell in FDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 1, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) for all the HARQ processes is 10 slots, which resulting in 8 HARQ processes for TDD Scell.
Proposal 4-2: In FDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for TDD Scell is 8.
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Figure 1: HARQ process for TDD Scell in FDD 15 kHz + TDD 30 kHz CA
Case b: HARQ process number for FDD 15 kHz Scell with TDD 30 kHz Pcell
The HARQ process for FDD Scell in FDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 2, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) for all the HARQ processes is 8 slots, which resulting in 8 HARQ processes for FDD Scell.

Proposal 4-3: In FDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for FDD Scell is 8.
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Figure 2: HARQ process for FDD Scell in FDD 15 kHz + TDD 30 kHz CA
Case c: HARQ process number for TDD 30kHz Scell with TDD 15 kHz Pcell
The HARQ process for 30kHz SCS Scell in TDD 15 kHz + TDD 30 kHz CA is demonstrated in Figure 3, where the red line indicates the slot for A/N feedback in Pcell. It is seen that the round-trip time (from HARQ initial transmission to re-transmission) is 10 slots HARQ process #1~5, and is 20 slots for HARQ process #0, 6~10, which resulting in 11 HARQ processes for 30kHz SCS Scell.

Proposal 4-4: In TDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for 30kHz Scell is 11.
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Figure 3: HARQ process for 30kHz SCS Scell in TDD 15 kHz + TDD 30 kHz CA
Case d: HARQ process number for TDD 15kHz Scell with TDD 30 kHz Pcell
For TDD 15 kHz + TDD 30 kHz CA, the DL and UL allocation are aligned in two carriers with different SCSs. Considering that the slot duration is shorter in Pcell with 30kHz SCS, the HARQ timing can be kept as the same as that for single carrier test for 15kHz SCS Scell.
Proposal 4-5: In TDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for 15kHz Scell is 8.
The summary of proposal 4-1 to proposal 4-5 is given in table 4.
Proposal 4-6: Summary of proposed HARQ process number for NR FDD 15 kHz + TDD 30 kHz CA, and TDD 15 kHz + TDD 30 kHz CA.
Table 4: Summary of proposed HARQ process number for NR CA
	NR CA
	HARQ process number

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4 for FDD CC; 8 for TDD CC

	
	TDD PCell
	8 for TDD CC; 8 for FDD CC

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz SCS PCell
	8 for 15 kHz CC; 11 for 30 kHz CC

	
	30kHz SCS PCell
	8 for 30 kHz CC; 8 for 15 kHz CC


2.5  Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
As known, the PDSCH performance can vary with the HARQ process number. If there is no soft buffer issue, the potential performance difference with different HARQ process numbers comes from the time-domain diversity gain between the first transmission and HARQ retransmissions, i.e., the round-trip time from HARQ initial transmission to re-transmission.
In the next, we will run link-level simulation to compare the performance with different round-trip time for TDD 30kHz Scell with TDD 15 kHz Pcell, using the simulation parameters agreed in [3].
Table 5:
Link-level performance for TDD 30kHz Scell
	HARQ process id
	Round-trip time
	Required SNR at 70% TP

	1-5
	10 slots
	12.36 dB

	0, 6-10
	20 slots
	12.28 dB


It is seen that the performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots. 
Observation 2: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.
In LTE, the single carrier performance requirements for FDD-FDD CA, TDD-TDD CA, TDD-FDD CA with TDD Pcell and FDD PCell are specified in different sub-clauses. The requirement applied for FDD carrier in FDD-FDD CA, TDD-FDD CA with FDD Pcell and FDD Scell is the same, and the requirement applied for TDD carrier in TDD-TDD CA, TDD-FDD CA with TDD Pcell and TDD Scell is the same.
So, to reduce the simulation work for NR CA, we propose to apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

Proposal 5: Apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

2.6  Test applicability
In the last meeting, companies’ opinions on test applicability were summarized in the ad-hoc minutes [2], which were not discussed due to lack of time. Then the following open issues were captured in the WF [1].
· Test applicability for different CA duplex mode
· Option 1: Test all the supported CA duplex mode
· Other options are not precluded
· FFS categorizing of CA capabilities
· FFS on test of different CA capabilities
· FFS on selection of CA configuration(s) for test among supported CA configurations
· FFS on selection CBW combination for test for selected CA configuration
Test applicability for different CA duplex modes
For CA duplex mode, the following combinations were agreed in RAN4 #92 meeting [4]. For FR1, it is quite straightforward to test all the supported CA duplex mode.
· Duplex mode:
· FR1: FDD+FDD CA, TDD+TDD CA, FDD+TDD CA
· FR2: TDD+TDD CA
For FDD-TDD CA, in LTE, different tests are conducted for the cases of FDD Pcell and TDD Pcell, and performance requirements for FDD-TDD CA with FDD PCell and TDD Pcell are defined in different sub-clauses. For NR, we need also to discuss whether to conduct test for both FDD PCell and TDD Pcell for FDD 15 kHz + TDD 30 kHz CA, and whether to conduct test for both 15 kHz PCell and 30 kHz Pcell for TDD 15 kHz + TDD 30 kHz CA.
Proposal 6: Test all the supported CA duplex mode.
Proposal 7: Discuss whether to conduct test for both FDD PCell and TDD Pcell for FDD 15 kHz + TDD 30 kHz CA, and whether to conduct test for both 15 kHz PCell and 30 kHz Pcell for TDD 15 kHz + TDD 30 kHz CA.
Categorizing of CA capabilities
For the categorizing of CA capabilities, we propose to reuse the LTE approach, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. 
For inter-band CA, the contribution in [5] proposed to test inter-band CA only for the highest number of bands. This approach is not preferred from our perspective:
· Firstly, as mentioned in [6], the baseband implementation could be different for CCs in the same band and different bands.
· Secondly, the largest aggregated channel bandwidth can be different for inter-band CA with different numbers of bands. For example, the largest aggregated channel bandwidths for CA_n1A-n78C and CA_n3A-n8A-n78A are 30+2x100=230 MHz and 30+20+100=150 MHz respectively. For inter-band CA, if only CA with the highest number of bands is tested, the largest aggregated channel bandwidth for the UE cannot be covered in some cases.
Observation 3: For inter-band CA with different numbers of bands, the largest aggregated channel bandwidth can be different.
Proposal 8: Reuse the LTE approach for CA capability categorization, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Test applicability for different CA capabilities

For the test of different CA capabilities, two options were listed in the ad-hoc minutes [2].

· Test of different CA capabilities

· Option 1: Test each supported CA capabilities (Intel, CMCC, China Telecom)
· Test one set of parameters (i.e. one Rank, one Modulation format and LMMSE-IRC receiver) for all CA capabilities. Other sets of parameters can be tested for any one of CA capabilities. (Intel)
· Option 2: Test any one of the supported CA capabilities (Huawei)
We are supportive of option 1, i.e., follow LTE approach and test each supported CA capabilities.

In LTE CA normal demodulation requirements, different transmission modes (TM1, TM3, TM4, TM9), different transmission ranks (rank 1, 2, 4), different modulation orders (QPSK, 16QAM, 64QAM, 256QAM) and different receivers (MMSE and Type A) are covered. For the test applicability, one set of parameters (e.g., one Rank, one Modulation format and LMMSE-IRC receiver) is tested all CA capabilities, and other sets of parameters are tested for any one of CA capabilities.
In NR CA normal demodulation requirements, by now only one set of parameters are agreed to be introduced, so all the supported CA capabilities shall be tested for this set of parameters.
Proposal 9: Test all the supported CA capabilities.
Selection of CA configuration(s) for test

For the selection of CA configuration(s), four options were listed in the ad-hoc minutes [2].

· Selection of CA configuration(s) for test

· Option 1: Largest aggregated CA bandwidth combination (CMCC, Huawei)
· Select any one of CA configurations, which contain CBW combination with the largest aggregated CA bandwidth combination among all supported CA configurations.
· If more than one CA configurations with the same largest aggregated bandwidth combination, the CA configuration with the largest number of DL CCs is selected. (Huawei)
· Option 2: Largest data rate (Intel)
· Select any one of CA configurations, which contain CBW combination with the largest data rate among all supported CA configurations

· Option 3: Largest number of CCs with maximum supported modulation order (Intel)
· Step 1:
Find the largest value (Qmmax) of UE capability field related to maximum supported modulation order, i.e. supportedModulationOrderDL

· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field supportedModulationOrderDL is equal to Qmmax, among all supported CA configurations
· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2
· Option 4: Largest number of CCs with maximum supported number of MIMO layers (Intel)
· Step 1:
Find the largest value (νLayersmax) of UE capability field related to maximum supported number of MIMO layers, i.e. maxNumberMIMO-LayersPDSCH

· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is equal to νLayersmax, among all supported CA configurations

· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2
We fully understand the motivation of option 2, 3 and 4, especially considering the flexible capability signalling for NR. Meanwhile, according to the agreement in the last meeting, only up to rank 2 and up to MCS 13 are used in the test, thus the additional benefits of option 2/3/4 might not be obvious. 
Proposal 10: If only up to rank 2 and up to MCS 13 are used in the test, select any one of the supported CA configurations in each CA capability with largest aggregated CA bandwidth combination.
3. Conclusion
This contribution discussed the CA PDSCH normal demodulation requirements, with the following observations and proposals:
Single carrier SCS
Proposal 1: For single carrier SCS, cover FR1 TDD 15kHz. Use TDD UL-DL pattern of 3D1S1U with S=10:2:2 for FR1 TDD 15kHz.
Rank and MCS for FR2
Proposal 2: For FR2, use rank 2 and MCS 10 or MCS 11. 

PUCCH capacity
Proposal 3: To carry ACK/NACK feedback, use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs.
Observation 1: PUCCH capacity issue is not observed based on proposal 3.
HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 4-1: For FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, the HARQ process number for Pcell is same with that for single carrier test.
Proposal 4-2: In FDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for TDD Scell is 8.
Proposal 4-3: In FDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for FDD Scell is 8.
Proposal 4-4: In TDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for 30kHz Scell is 11.
Proposal 4-5: In TDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for 15kHz Scell is 8.
Proposal 4-6: Summary of proposed HARQ process number for NR FDD 15 kHz + TDD 30 kHz CA, and TDD 15 kHz + TDD 30 kHz CA.
Table 4: Summary of proposed HARQ process number for NR CA
	NR CA
	HARQ process number

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD Pcell
	4 for FDD CC; 8 for TDD CC

	
	TDD Pcell
	8 for TDD CC; 8 for FDD CC

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz SCS PCell
	8 for 15 kHz CC; 11 for 30 kHz CC

	
	30kHz SCS PCell
	8 for 30 kHz CC; 8 for 15 kHz CC


Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
Observation 2: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.

Proposal 5: Apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.

Test applicability
Proposal 6: Test all the supported CA duplex mode.
Proposal 7: Discuss whether to conduct test for both FDD PCell and TDD Pcell for FDD 15 kHz + TDD 30 kHz CA, and whether to conduct test for both 15 kHz PCell and 30 kHz Pcell for TDD 15 kHz + TDD 30 kHz CA.
Observation 3: For inter-band CA with different numbers of bands, the largest aggregated channel bandwidth can be different.
Proposal 8: Reuse the LTE approach for CA capability categorization, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Proposal 9: Test all the supported CA capabilities.
Proposal 10: If only up to rank 2 and up to MCS 13 are used in the test, select any one of the supported CA configurations in each CA capability with largest aggregated CA bandwidth combination.
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