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1. Introduction

NR PUSCH demodulation requirements was discussed in the last meeting, and an way forward was agreed in [1]. This contribution presents our views on the open issues.

2. Discussion
1) Transmission scheme
The following agreement was reached regarding the transmission scheme:
· Transmission scheme

· Option 1: performance requirements are defined only for 1Tx transmission schemes. 

· Option 2: performance requirements are defined only based on codebook-based transmission schemes

· Number of layers for 2Tx CP-OFDM based PUSCH tests 

· FFS both 1 layer and 2 layers are to be tested

We support option 2 to define requirements not only for 1Tx, but also for 2Tx CP-OFDM based PUSCH. Regarding the number of layers for 2Tx CP-OFDM based PUSCH, at least 2 layers should be tested to verify the performance of UL MIMO. Some initial simulation can be performed to decide whether to test 1 layer transmission for 2Tx PUSCH, i.e., to compare the performance of 2Tx 1 layer PUSCH and 1Tx PUSCH.
As known, in LTE Rel-10 UL-MIMO, the requirements for 2Tx 2 layer spatial multiplexing are introduced, i.e., the number of transmission layers is fixed as 2 for 2Tx PUSCH test. This is because RAN4 concluded that the performance of LTE PUSCH 2Tx rank 1 with random precoding in comparison with single transmission port mode does not provide justification for 2Tx rank1 performance tests. Based on the conclusion it was decided that no BS performance requirements for 2Tx rank 1 transmission is needed [2]. Thus for NR PUSCH, similar performance evaluation can be conducted in order to decide whether to introduce 2Tx 1 layer PUSCH test.
Proposal 1: Regarding the transmission scheme:
· Define requirements for 1Tx PUSCH and 2Tx CP-OFDM based PUSCH. 

· For 2Tx CP-OFDM based PUSCH, define requirements for 2 layer transmission, and decide whether to define requirements for 1 layer transmission based on the performance comparison of 2Tx 1 layer PUSCH and 1Tx PUSCH.

2) DMRS

Some candidate options on additional DMRS configuration and DMRS types are listed in the WF [1]. In our view, different DMRS can be configured for PUSCH under different propagation conditions. So we can discuss the two aspects of DMRS configuration later when the propagation conditions are decided: 1) either to use DMRS configuration type 1 or type 2 for PUSCH without transform precoding, 2) whether to use additional DMRS and how many symbols for additional DMRS to be used. 

Proposal 2: Discuss the DMRS configuration later when the propagation conditions are decided.
3) Time domain resource allocation
The following agreement on time domain resource allocation was reached in the last meeting:

· Time domain resource allocation

· For FR1, slot based transmission is tested, FFS non-slot based transmission 

· For FR2, FFS for slot-based or non-slot based transmission

· FFS resource mapping type (type A or type B)

In our understanding, for NR, slot based transmission is the basic transmission scheme for services like eMBB, and non-slot based transmission is an important feature for low latency services. Thus it is suggested to cover both slot based and non-slot based transmissions for FR1 and FR2.
Regarding the two resource mapping types, both of them are mandatory L1 features without capability. It is suggested to cover both two resource mapping types.
To control the total test case number, slot based transmission can be tested together with resource mapping type A, and non-slot based transmission can be tested together with resource mapping type B. Moreover, for non-slot based transmission, only one type of symbol length is suggested to be tested.
Proposal 3: Regarding the time domain resource allocation:
· Cover both slot based and non-slot based transmissions for FR1 and FR2.

· Cover both resource mapping type A and B.
· To control the total test case number, slot based transmission can be tested together with resource mapping type A, and non-slot based transmission can be tested together with resource mapping type B. 
· For non-slot based transmission, test only one type of symbol length.

4) MCS
The following agreement on MCS was reached in the last meeting:

· MCS

· Selected from QPSK, 16QAM and 64QAM
· FFS pi/2-BPSK
Firstly, it is essential to cover QPSK, 16QAM and 64QAM, and we see no reason to do any down-selection from the three modulation orders. Pi/2-BPSK is also proposed to be covered considering the NR coverage issues. The applicability of pi/2-BPSK based PUSCH requirements can be discussed later. 
Considering the code rate, the following MCS levels are used in the initial simulation alignment:

· QPSK: [2 or 4]

· 16QAM: [13 or 16]

· 64QAM: [25] 

For QPSK, we prefer MCS 2 rather than MCS 4, in order to make sure that both two LDPC base graphs are covered in the test. The detailed explanations on this point are given as below:
LDPC base graph selection is specified in section 6.2.2 of TS 38.212 and copied as below.

For initial transmission of a transport block with coding rate 
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 indicated by the MCS index according to Subclause 6.1.4.1 in [6, TS38.214] and subsequent re-transmission of the same transport block, each code block of the transport block is encoded with either LDPC base graph 1 or 2 according to the following:

-
if 
[image: image2.wmf]292

£

A

, or if 
[image: image3.wmf]3824

£

A

 and 
[image: image4.wmf]67

.

0

£

R

, or if 
[image: image5.wmf]25

.

0

£

R

, LDPC base graph 2 is used;

-
otherwise, LDPC base graph 1 is used,

where 
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 is the payload size as described in Subclause 6.2.1.

LDPC base graph 2 is used for PUSCH with low code rate and small TBS/PRB number. In the last meeting, the following SCS/CBW was agreed for initial simulation alignment:
· SCS/CBW

· Cases to be simulated for alignment purpose 

· 15kHz: 10MHz 

· 30kHz: 20/40/100 

· 60kHz(FR2): 100MHz 

· 120kHz: 100MHz 

· De-prioritize 60kHz SCS FR1 tests. 
For FR1, the PRB numbers for {10 MHz+ 15 kHz, 20 MHz + 30 kHz } are {52, 51} respectively. For rough calculation, assuming there are 12*12 REs per PRB for PUSCH single-layer transmission (i.e., 12*2 REs used for RS), the TBS are {52, 51}*12*12*2*0.3 = {4492, 4406} for MCS 4 (QPSK, R = 0.30). Both of them are bigger than 3824, and thus base graph 1 is used. 

For FR2, the PRB numbers for {100 MHz + 60 kHz, 100 MHz + 120 kHz} are {132, 66} respectively. For rough calculation, assuming there are 12*12 REs per PRB for PUSCH single-layer transmission (i.e., 12*2 REs used for RS), the TBS are {132, 66}*12*12*2*0.3 = {11404, 5702} for MCS 4 (QPSK, R = 0.30). Both of them are bigger than 3824, and thus base graph 1 is used. 

It is seen that with MCS 4, LDPC base graph 2 cannot be tested, and thus we suggest to use MCS 2 for QPSK modulation.
For 16QAM modulation, we think either MCS 13 or 16 is a valid option, and have no strong preference.
For pi/2-BPSK, two code rates are introduced for NR PUSCH, including 240/1024 and 314/1024. It is proposed to select code rate of 240/1024 since pi/2-BPSK is used for coverage enhancement in low SINR region.

Proposal 4: For PUSCH MCS setting,
· Cover QPSK, 16QAM and 64QAM. Use MCS 2 for QPSK modulation in order to make sure that LDPC base graph 2 is covered in the test.

· Cover pi/2-BPSK for PUSCH with transform precoding, and use MCS pi/2-BPSK 240 (R = 0.23). The corresponding test applicability can be discussed later.

5) Test metric
The following agreement on test metric was agreed:

· Testing metric 
· SNR @70% of maximum throughput of the FRC
· Other metric is not precluded for some specific test cases 
Since RAN1 has agreed to introduce tighter BLER target, i.e., 10-5 BLER, to support URLLC service [4]. Thus we propose that:
Proposal 5: Include test metric of 10-5 BLER.
6) PRB allocation
In LTE, the two extreme cases, i.e., single RB and full RB allocation, are tested for PUSCH. To reduce the simulation and test load, it is suggested to use full RB allocation as baseline for NR PUSCH. Partial PRB allocation can be added later if the necessity is identified.
Proposal 6: Full RB allocation is used as baseline, and partial PRB allocation can be added later if the necessity is identified.
7) Rx antenna number

The following agreements on Rx antenna number was reached in the last meeting:

· Rx:

· Option 1: For conducted, 2, 4 and 8Rx are included
· Other options are not precluded 

· For simulation alignment, use 2Rx 
For FR1 BS receiver with conducted test, similarly to LTE PUSCH tests, it is suggested to cover 2, 4 and 8 Rx antennas for NR PUSCH demodulation requirements. 
Proposal 7: For conducted test, 2, 4 and 8Rx are included.
3. Conclusion
This contribution presented our views on NR PUSCH demodulation requirements, and had the following proposals:
Proposal 1: Regarding the transmission scheme:
· Define requirements for 1Tx PUSCH and 2Tx CP-OFDM based PUSCH. 

· For 2Tx CP-OFDM based PUSCH, define requirements for 2 layer transmission, and decide whether to define requirements for 1 layer transmission based on the performance comparison of 2Tx 1 layer PUSCH and 1Tx PUSCH.

Proposal 2: Discuss the DMRS configuration later when the propagation conditions are decided.
Proposal 3: Regarding the time domain resource allocation:
· Cover both slot based and non-slot based transmissions for FR1 and FR2.

· Cover both resource mapping type A and B.
· To control the total test case number, slot based transmission can be tested together with resource mapping type A, and non-slot based transmission can be tested together with resource mapping type B. 
· For non-slot based transmission, test only one type of symbol length.

Proposal 4: For PUSCH MCS setting,
· Cover QPSK, 16QAM and 64QAM. Use MCS 2 for QPSK modulation in order to make sure that LDPC base graph 2 is covered in the test.

· Cover pi/2-BPSK for PUSCH with transform precoding, and use MCS pi/2-BPSK 240 (R = 0.23). The corresponding test applicability can be discussed later.

Proposal 3: Include test metric of 10-5 BLER.
Proposal 6: Full RB allocation is used as baseline, and partial PRB allocation can be added later if the necessity is identified.
Proposal 7: For conducted test, 2, 4 and 8Rx are included.
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