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1. Introduction

NR UE demodulation requirements were discussed from RAN4 #86bis meeting. In the last meeting, the way forward and simulation assumptions for NR UE demodulation requirements was respectively agreed in [1] [2].
This contribution provides further discussion on NR PDSCH demodulation requirements.
2. Discussion
1) MCS

The following agreements were reached regarding PDSCH MCS setting:

· Use QPSK MCS4, 16QAM MCS13 (64QAM table)
· 64QAM and 256QAM FRCs 
· Option 1: (baseline)
· 64QAM MCS 24 (64QAM table)
· 256QAM MCS 24 (FR1 only)  (256QAM table)
· Option 2:
· 64QAM MCS 19 (64QAM table)
· 256QAM MCS 20 (FR1 only) (256QM table)
· Working assumption: Use option 1 subject to check that operating SNR is testable
· Use option 2 if option 1 is not testable
· Assumption in RAN4: Testable SNR for FR1 is up to 24 dB for 64QAM and 30 dB for 256QAM
We have different view on the MCS for QPSK modulation, due to the lack of test coverage for LDPC base graph 2.
As known, LDPC base graph 1 and 2 are introduced for NR PDSCH channel coding. As seen in section 7.2.2 of TS 38.212, LDPC base graph selection is defined as follows:
For initial transmission of a transport block with coding rate 
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, LDPC base graph 2 is used;
-
otherwise, LDPC base graph 1 is used,
where 
[image: image5.wmf]A

 is the payload size in Subclause 7.2.1.
Meanwhile, in the last meeting, it is was agreed to use 15 kHz + 10 MHz and 30 kHz + 40 MHz as the default channel bandwidth and subcarrier spacing configurations for FR1 FDD and TDD respectively, and to use 120 kHz + 100 MHz as the default configurations for FR2.
LDPC base graph 2 is used for PDSCH with low code rate and small TBS/PRB number. Among the PDSCH MCSs selected in the last meeting, MCS4 (QPSK 308, R = 0.30) is has lowest code rate. Considering the PRB number, 
· For FR1, the PRB numbers for {10 MHz + 15 kHz, 40 MHz + 30 kHz} are {52, 106} respectively. 

· For FR2, the PRB numbers for {100 MHz + 120 kHz} is 66.
For rough calculation, assuming there are 12*11 REs per PRB for PDSCH single-layer transmission (i.e., 12*3 REs used for control channels and RSs), 
· For FR1, the TBS for {10 MHz + 15 kHz, 40 MHz + 30 kHz} are {52, 106}*12*11*2*0.3 = {4188, 8395} respectively.
· For FR2, the TBS for {100 MHz + 120 kHz} is 66*12*11*2*0.3 = 5227.

· All of these TBSs are bigger than 3824, and thus base graph 1 is used.
In summary, with the MCSs and channel bandwidth & SCS combinations selected in the last meeting, LDPC base graph 2 cannot be covered in PDSCH demodulation tests.
In the last meeting, some companies commented that RAN4 already have test cases covering both base graphs in REFSENS requirements, and no necessity to test base graph 2 in demodulation part. However, if we check the FRCs for REFSENS requirements, we can find that QPSK 1/3 (MCS 4) is also used. Considering the channel bandwidth aspect (i.e., PRB/TBS aspects), for some major NR bands, such as n77, n78, n79, the smallest supported channel bandwidth is 10MHz, 10MHz and 40MHz respectively. Moreover, it was agreed at RAN #80 meeting that, for bands n28, n41, n71, n77, n78, n79, n257, n260, n261, there are IOdT bits for all SCS and channel bandwidth combinations that are lower than the maximum channel bandwidth defined in each band [3]. Therefore, for some NR bands, since the code rate of MCS4 is larger than 0.25 and the TBS with the minimal supported channel bandwidth is larger than 3824, LDPC base graph 2 cannot be tested in REFSENS requirements.
To ensure LDPC base graph 2 can be tested, the simplest way is to include one code rate smaller than 0.25 for PDSCH demodulation tests. So we propose to add MCS 2 (QPSK 193, R = 0.19), or replace MCS 4 (QPSK 308, R = 0.30) with MCS 2 (QPSK 193, R = 0.19). We have the following proposal:

Observation 1: For some NR bands, LDPC base graph 2 cannot be tested in REFSENS requirements.
Proposal 1: To ensure LDPC base graph 2 can be tested, add MCS 2, or replace MCS4 with MCS2 in PDSCH demodulation tests.
2) HARQ process number

HARQ process number was discussed and the following agreements were reached:

· FDD

· Option 1: 4

· Option 2: 8

· TDD

· Option 1: less than or equal 16 for all test cases with 70% test point, 16 for all test cases with 30% test point

· Option 2: Different HARQ process for each TDD configuration derived under the following assumption on BS processing delay

· Option 2-1: 4 slots for 15kHz, 7 slots for 30kHz, 8 slots for 60kHz, 12 or 13 slots for 120kHz

· Option 2-2: Same processing delay as UE side (N1)

· Other option is not precluded

The parallel number of HARQ processes depends on the UE and BS processing time. The BS processing time is up to implementation, and not defined in NR specifications. Moreover, for TDD, the different HARQ process numbers can be derived for different TDD DL/UL configurations.
As known, the HARQ process number will impact the UE soft buffer size. To ensure one NR UE can be deployed in networks with different BS capabilities and different TDD UL/DL configurations, it is proposed to configure a big HARQ process number in demodulation tests, i.e., 8 HARQ processes for FDD, and 16 HARQ processes for TDD.

Proposal 2: Configure 8 HARQ processes for FDD, and 16 HARQ processes for TDD.
3) PDSCH mapping type
For PDSCH mapping type, the following agreements were reached in RAN4 #87 meeting:

· PDSCH mapping type: both type A and type B

Then, the agreement was updated as follows in RAN4 AH #1807 meeting:

· Define requirements for PDSCH Mapping Type A

· FFS whether to define requirements for PDSCH mapping Type B 

In our view, the update of the agreement is due to the limited Rel-15 timeline. In such case, maybe we can set PDSCH Mapping Type A as the default configuration, and introduce some additional test cases for PDSCH mapping Type B.

Proposal 3: Set PDSCH Mapping Type A as the default configuration, and introduce some additional test cases for PDSCH mapping Type B.
4) FDM between DMRS and data
For PDSCH with small transmission layer and low MCS, the resulted SINR working point is low, and the performance is constrained by limited power rather than limited resources. In these scenarios, it is expected that PDSCH DMRS power boosting is quite beneficial for improving the demodulation performance, compared to allocating more REs for data. Therefore, it is reasonable not to multiplex front-load DMRS and data in frequency domain for PDSCH with small transmission layer and low MCS.

Proposal 4: No FDM between DMRS and data for small transmission layer and low MCS.
5) DMRS port

The DMRS port information is carried in DCI, and specified in clause 7.3.1.2 of TS 38.212. For easy reading, the table for DMRS ports with dmrs-Type=1, maxLength=1 and 1 codeword (no more than 4 layers) are copied below. Furthermore, the DMRS parameters specified in clause 7.4.1.1.2 of TS 38.211 are also copied below. 

Table 4: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1 (Table 7.3.1.2.2-1 of TS 38.212)
	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12-15
	Reserved
	Reserved


Table 5: Parameters for PDSCH DM-RS configuration type 1. (Table 7.4.1.1.2-1 of TS 38.211)
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1


It is seen that for 1 or 2 layer transmission, there are multiple options for DMRS port configuration. Therefore, in additional to the transmission layer, the exact DMRS port(s) to be used should also be indicated. We propose to use DMRS port 0 for 1 layer PDSCH, and use DMRS port 0 and 1 with frequency domain OCC for 2 layer PDSCH.
Proposal 5: Use DMRS port 0 for 1 layer PDSCH, and use DMRS port 0 and 1 with frequency domain OCC for 2 layer PDSCH.
6) CA requirements

For LTE, the following CA demodulation requirements are defined:

· Normal demodulation test

· Soft buffer management test
· SDR test

· Power imbalance test for intra-band adjacent carrier aggregation
· Intra-band non-contiguous carrier aggregation with timing offset
For NR CA, these demodulation requirements defined for LTE CA can be considered as a starting point, and other requirements shall also be added when necessary.

And considering the tight timeline for Rel-15 performance work, if it is impossible to finalize the CA requirements in Rel-15 timeline, maybe a phased approach can be discussed.

Proposal 6: For NR CA, the demodulation requirements defined for LTE CA can be considered as a starting point, and other requirements shall also be added when necessary. If it is impossible to finalize the CA requirements in Rel-15 timeline, maybe a phased approach can be discussed.
3. Conclusions
This contribution provided further discussion on NR PDSCH demodulation requirements, and had the following proposals:
Observation 1: For some NR bands, LDPC base graph 2 cannot be tested in REFSENS requirements.
Proposal 1: To ensure LDPC base graph 2 can be tested, add MCS 2, or replace MCS4 with MCS2 in PDSCH demodulation tests.
Proposal 2: Configure 8 HARQ processes for FDD, and 16 HARQ processes for TDD.
Proposal 3: Set PDSCH Mapping Type A as the default configuration, and introduce some additional test cases for PDSCH mapping Type B.
Proposal 4: No FDM between DMRS and data for small transmission layer and low MCS.
Proposal 5: Use DMRS port 0 for 1 layer PDSCH, and use DMRS port 0 and 1 with frequency domain OCC for 2 layer PDSCH.
Proposal 6: For NR CA, the demodulation requirements defined for LTE CA can be considered as a starting point, and other requirements shall also be added when necessary. If it is impossible to finalize the CA requirements in Rel-15 timeline, maybe a phased approach can be discussed.
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