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1. Introduction

In RAN #84 meeting, the WID on NR performance requirement enhancement was approved in [1]. This WI targets to define some important UE/BS demodulation and CSI reporting requirements that have been discussed but not introduced in Rel-15, and one of the objectives is to define NR CA PDSCH normal demodulation requirements.
· NR CA PDSCH normal demodulation requirements for NR CA, EN-DC, NE-DC, NR-DC

· No additional LTE requirements will be introduced. 
This contribution provides our initial view on CA PDSCH normal demodulation requirements.

2. Discussion
2.1  General methodology
For LTE, the CA normal demodulation tests are based on per CC performance requirement from Rel-12, and the per CC performance requirement is identical to single carrier performance without extra margin [2]. It is straightforward to reuse the same methodology for NR, i.e.,
Proposal 1: Develop NR CA normal demodulation requirement based on per CC performance requirement, which is identical to single carrier performance without extra margin.

2.2  Test scenarios
For LTE CA normal demodulation tests, 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.

Similar to LTE, NR CA normal demodulation tests should also cover different transmission ranks, different modulation orders and different types of receivers.

· For 2Rx CC, it is suggested to test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 2 with 16QAM and type X receiver;
· For 4Rx CC, it is suggested to test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 3 with 16QAM and type X receiver, rank 4 with 16QAM.
Proposal 2: Considering the test coverage, it is proposed to test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 2 with 16QAM and type X receiver for 2Rx CC; and test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 3 with 16QAM and type X receiver, rank 4 with 16QAM for 4Rx CC.

2.3  Channel bandwidth and SCS for single carrier performance
2.3.1
Maximum aggregated bandwidth for the completed CA configurations
Based on the latest Rel-16 big CRs for NR intra-band and inter-band CA in [3]-[8], we have summarized the largest aggregated bandwidth for all the completed Rel-15/16 CA configurations in Table 1 to Table 13 (Table 1 to Table 6 for FR1; Table 7 to Table 13 for FR2), where the definition of CA capability is reused from LTE. Note that there are still some CA configurations under work and will be some new CA configurations in Rel-16 and onwards.
Table 1: FR1 TDD CA with 2CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	10+40
	1
	CA_n48B

	
	50+100
	1
	CA_n48C

	
	60+90
	1
	CA_n48C

	
	80+100
	1
	CA_n41C

	
	100+100
	3
	CA_n77C, CA_n78C, CA_n79C

	Intra-band non-contiguous CA
	40+100
	1
	CA_n48(2A)

	
	50+90
	1
	CA_n48(2A)

	
	60+80
	1
	CA_n48(2A)

	
	80+100
	1
	CA_n41(2A) set 0

	
	90+100
	1
	CA_n41(2A) set 1

	Inter-band CA (two bands)
	40+100
	2
	CA_n39A-n41A, CA_n39A-n79A

	
	80+100
	5
	CA_n40A-n41A, CA_n40A-n78A, CA_n40A-n79A, CA_n41A-n50A, CA_n50A-n78A

	
	100+100
	4
	CA_n41A-n78A, CA_n41A-n79A, CA_n77A-n79A, CA_n78A-n79A


Table 2: FR1 FDD CA with 2CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	5+20 
	1
	CA_n71B

	
	10+15 
	1
	CA_n71B

	
	10+40
	1
	CA_n66B

	Intra-band non-contiguous CA
	20+20
	1
	CA_n25(2A)

	
	20+40
	1
	CA_n66(2A)

	Inter-band CA (two bands)
	20+20
	5
	CA_n1A-n28A, CA_n8A-n75A, CA_n20A-n28A, CA_n25A-n71A, CA_n28A-n75A

	
	20+25
	1
	CA_n70A-n71A

	
	20+30
	2
	CA_n3A-n8A, CA_n3A-n28A

	
	20+40
	1
	CA_n66A-n71A

	
	20+50
	1
	CA_n7A-n28A

	
	25+40
	1
	CA_n66A-n70A


Table 3: FR1 TDD-FDD CA with 2CCs 

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Inter-band CA (two bands)
	5(FDD)+100(TDD)
	1
	CA n76A-n78A

	
	20(FDD)+40(TDD)
	1
	CA_n8A-n39A

	
	20(FDD)+80(TDD)
	1
	CA_n28A-n50A

	
	20(FDD)+100(TDD)
	13
	CA_n1A-n77A, CA_n1A-n78A, CA_n1A-n79A, CA_n5A-n78A, CA_n5A-n79A, CA_n8A-n41A, CA_n8A-n78A, CA_n8A-n79A, CA_n25A-n41A, CA_n28A-n77A, CA_n28A-n78A, CA_n41A-n71A, CA_n75A-n78A

	
	30(FDD)+100(TDD)
	4
	CA_n3A-n41A, CA_n3A-n77A, CA_n3A-n78A, CA_n3A-n79A


Table 4: FR1 TDD CA with 3CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	3x100
	3
	CA_n77D, CA_n78D, CA_n79D

	Inter-band CA (two bands)
	40+80+100
	2
	CA_n39A-n41C, CA_n39A-n41(2A) set 0

	
	40+90+100
	1
	CA_n39A-n41(2A) set 1

	Inter-band CA (three bands)
	40+60+100
	1
	CA_n40A-n41A-n79A set 1

	
	80+2x100
	1
	CA_n40A-n41A-n79A set 0


Table 5: FR1 FDD CA with 3CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Inter-band CA (two bands)
	10+25+40
	1
	CA_n66B-n70A

	
	20+25+40
	1
	CA_n66(2A)-n70A


Table 6: FR1 TDD-FDD CA with 3CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Inter-band CA (two bands)
	20(FDD)+20(FDD)+100(TDD)
	1
	CA_n25(2A)-n41A

	
	20(FDD)+80(TDD)+100(TDD)
	4
	CA_n25A-n41C, CA_n41C-n71A, CA_n25A-n41(2A) set 0, CA_n41(2A)-n71A set 0

	
	20(FDD)+90(TDD)+100(TDD)
	2
	CA_n25A-n41(2A) set 1, CA_n41(2A)-n71A set 1

	
	20(FDD)+ 100x2(TDD)
	3
	CA_n1A-n78C, CA_n5A-n78C, CA_n5A-n79C

	
	30(FDD)+80(TDD)+100(TDD)
	2
	CA_n3A-n41C, CA_n3A-n41(2A) set 0

	
	30(FDD) +90(TDD)+100(TDD)
	1
	CA_n3A-n41(2A) set 1

	
	30(FDD)+ 100x2(TDD)
	1
	CA_n3A-n78C

	Inter-band CA (three bands)
	30(FDD)+80(TDD)+100(TDD)
	1
	CA_n3A-n41A-n79A set 1

	
	20(FDD)+60(TDD)+100(TDD)
	1
	CA_n8A-n41A-n79A set 1

	
	20(FDD)+100x2(TDD)
	1
	CA_n8A-n41A-n79A set 0

	
	30(FDD)+100x2(TDD)
	1
	CA_n3A-n41A-n79A set 0


Table 7: FR1 TDD CA with 4CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	4x100 (400MHz)
	3
	CA_n77E, CA_n78E, CA_n79E


Table 7: FR2 CA with 2CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	2x100 (200MHz)
	5
	CA_n257G, CA_n260G, CA_n260O, CA_n261G, CA_n261O

	
	2x200 (400MHz)
	3
	CA_n257D, CA_n260D, CA_n261D

	
	2x400 (800MHz)
	3
	CA_n257B, CA_n260B, CA_n261B


Table 8: FR2 CA with 3 CCs

	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	3x100
	5
	CA_n257H, CA_n260H, CA_n260P, CA_n261H, CA_n261P

	
	3x200
	3
	CA_n257E, CA_n260E, CA_n261E

	
	2x400+50
	1
	CA_n261C

	
	3x400
	2
	CA_n257C, CA_n260C


Table 9: FR2 CA with 4 CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	4x100
	5
	CA_n257I, CA_n260I, CA_n260Q, CA_n261I, CA_n261Q

	
	4x200
	3
	CA_n257F, CA_n260F, CA_n261F


Table 10: FR2 CA with 5 CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	5x100
	3
	CA_n257J, CA_n260J, CA_n261J


Table 11: FR2 CA with 6 CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	6x100
	3
	CA_n257K, CA_n260K, CA_n261K


Table 12: FR2 CA with 7 CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	7x100
	3
	CA_n257L, CA_n260L, CA_n261L


Table 13: FR2 CA with 8 CCs
	CA capability
	Largest aggregated bandwidth (MHz)
	Number of CA configurations
	CA configurations supporting this bandwidth combination

	Intra-band contiguous CA
	8x100
	3
	CA_n257M, CA_n260M, CA_n261M


2.3.2
Channel bandwidth and SCS for single carrier performance
According to the summary of largest aggregated channel bandwidth for the existing CA configurations in section 2.3.1, at least the channel bandwidths in Table 14 need to be covered when defining single carrier demodulation requirements.

Table 14: Single carrier channel bandwidth
	FR and duplex mode
	Channel bandwidth

	FR1 FDD
	5, 10, 15, 20, 25, 30, 40, 50 MHz

	FR1 TDD
	10, 40, 50, 60, 80, 90, 100 MHz

	FR2
	50, 100, 200, 400 MHz


For LTE CA demodulation requirement, the single carrier performance are defined for all bandwidths, including 1.4MHz/3MHz/5MHz/10MHz/15MHz/20MHz.
For NR, one alternative is to define single carrier performance for the channel bandwidth in Table 14, i.e., only consider the completed CA configurations in Rel-15/16. Another alternative is to cover all the possible single carrier channel bandwidths to facilitate future CA demodulation work, for example, cover channel bandwidth within 5-50 MHz for FR1 FDD, cover all the bandwidths for FR1 TDD and FR2. Our preference is the second alternative.
Proposal 3: For defining per CC demodulation requirements, two alternatives for selecting single carrier channel bandwidth can be considered, and the alternative 2 is preferred. 

· Alternative 1: only cover single carrier channel bandwidths in the completed CA configurations in Rel-15/16, i.e., 
· FR1 FDD: 5, 10, 15, 20, 25, 30, 40, 50 MHz

· FR1 TDD: 10, 40, 50, 60, 80, 90, 100 MHz

· FR2: 50, 100, 200, 400 MHz
· Alternative 2: cover all the possible single carrier channel bandwidths, i.e.,
· FR1 FDD: 5, 10, 15, 20, 25, 30, 40, 50 MHz

· FR1 TDD: 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 90, 100 MHz

· FR2: 50, 100, 200, 400 MHz
Next we will discuss the SCS to be used for CA demodulation test. In general, to simplify the simulation and test setup, we would prefer to consider one single SCS for each duplex mode in each FR. 
For FR1 TDD, since some large channel bandwidth (i.e., larger than 50MHz) cannot be realized with 15kHz SCS, it is proposed to use 30kHz SCS. For FR1 FDD, on one hand, it is more typical to use 15kHz SCS in real networks; on the other hand, with 15kHz SCS for FR1 FDD, in FR1 TDD+FDD CA, two mixed numerologies (i.e., 30kHz SCS and 15kHz SCS for TDD and FDD respectively) should be configured, which is an optional feature for UE [9]. For us, it is much more meaningful to define the requirement based on practical scenarios, thus we would propose to use 15kHz SCS for FR1 FDD.
For FR2, since 400MHz channel bandwidth cannot be realized with 60kHz SCS, it is proposed to use120kHz SCS.
Proposal 4: Use 15kHz, 30kHz and 120kHz SCS for FR1 FDD, FR1 TDD and FR2 respectively.

2.4  Test applicability for different CA bandwidth combinations
For UEs supporting multiple CA configurations and multiple bandwidth combinations for each CA configuration, it is proposed to reuse the same test applicability from LTE. More specifically,

· For one of the CA normal demodulation tests, the test is conducted for each supported CA capability, and any one of the supported CA configurations in each CA capability with largest aggregated CA bandwidth combination can be selected for the test.

· For the other CA normal demodulation tests, the tests are conducted for any one of the supported CA capabilities with largest aggregated CA bandwidth combination, and any one of the supported CA configurations with largest aggregated CA bandwidth combination can be selected for the tests.
Proposal 5: For UEs supporting multiple CA configurations and multiple bandwidth combinations for each CA configuration, it is proposed to reuse the same test applicability from LTE. 
3. Conclusion
This contribution discussed the CA PDSCH normal demodulation requirements, with the following proposals:

Proposal 1: Develop NR CA normal demodulation requirement based on per CC performance requirement, which is identical to single carrier performance without extra margin.

Proposal 2: Considering the test coverage, it is proposed to test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 2 with 16QAM and type X receiver for 2Rx CC; and test rank 1 with QPSK and/or 256QAM, rank 2 with 64QAM, rank 3 with 16QAM and type X receiver, rank 4 with 16QAM for 4Rx CC.

Proposal 3: For defining per CC demodulation requirements, two alternatives for selecting single carrier channel bandwidth can be considered, and the alternative 2 is preferred. 

· Alternative 1: only cover single carrier channel bandwidths in the completed CA configurations in Rel-15/16, i.e., 
· FR1 FDD: 5, 10, 15, 20, 25, 30, 40, 50 MHz

· FR1 TDD: 10, 40, 50, 60, 80, 90, 100 MHz

· FR2: 50, 100, 200, 400 MHz
· Alternative 2: cover all the possible single carrier channel bandwidths, i.e.,
· FR1 FDD: 5, 10, 15, 20, 25, 30, 40, 50 MHz

· FR1 TDD: 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 90, 100 MHz

· FR2: 50, 100, 200, 400 MHz
Proposal 4: Use 15kHz, 30kHz and 120kHz SCS for FR1 FDD, FR1 TDD and FR2 respectively.

Proposal 5: For UEs supporting multiple CA configurations and multiple bandwidth combinations for each CA configuration, it is proposed to reuse the same test applicability from LTE. 
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