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Introduction
[bookmark: _Hlk513205245]NR BS demodulation work has been full started in RAN4#87, and the initial agreements for test scope and setup are made regarding the scope of the work in Rel-15 and the simulation assumptions for alignment have been agreed, and some open issues on general part are listed for further discussion [1]. 
The open issues for PUSCH in [1] are copied below.
	· PUSCH
· 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
· DMRS
· Single-symbol DMRS configuration are tested in Rel-15
· Option 1: 
· only 1 front-loaded symbol;
· Option 2: 
· 1 front-loaded symbol + one additional DMRS symbol
· Option 3: 
· only 1 front-loaded symbol, and
· 1 front-loaded symbol + one additional DMRS symbol
· Option 4: 
· only 1 front-loaded symbol, and
·  1 front-loaded symbol + one additional DMRS symbol, and
·  1 front-loaded symbol + two additional DMRS symbols
· FFS DMRS types (type 1 and type 2) are to be tested
· PTRS 
· FFS for FR2
· 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)
· [bookmark: OLE_LINK32]MCS
· FFS pi/2-BPSK 
· Others
· Frequency hopping
· FFS: whether to introduce specific test case for frequency hopping
· Limited buffer rate matching
· FFS: whether to introduce specific test case for limited buffer rate matching 



[bookmark: _Hlk513205847]In this paper, we will provide our views on the open issues for NR PUSCH demodulation work. 
Discussion
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Waveform and transmission scheme
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK37][bookmark: OLE_LINK38]NR PUSCH supports two waveforms, i.e. CP-OFDM and DFT-s-ODFM. In 38.211 the different waveforms are described as “transform precoding not enabled” and “transform precoding enabled”, and which one is used is semi-statically configured by the network. The use cases of the two waveforms has been extensively discussed in RAN1. In our view, CP-OFDM is the main stream waveform for NR PUSCH in FR1, and it is a mandatory feature for UE. DFT-s-ODFM on the other hand, is an optional feature that may have some advantages in poor coverage scenario. Therefore, we suggest that RAN4 should first focus on CP-OFDM. The requirement for DFT-s-ODFM can be considered after we finish the tests for CP-OFDM. In addition, NR supports pi/2-BPSK for DFT-s-ODFM, which can be tested in the DFT-s-ODFM test cases. 
[bookmark: _Ref510350034][bookmark: _Ref513224793][bookmark: OLE_LINK1]PUSCH requirements for CP-OFDM are defined firstly. The requirements for SC-FDM can be considered after the tests for CP-OFDM is finished.
NR PUSCH supports two transmission schemes, i.e. codebook based and non-codebook based. Codebook based scheme is similar as LTE DL TM4, where BS will determine the precoder of the UE’s UL transmission based on SRS, and the precoder is selected from a codebook and signaled to the UE via TPMI, TRI and SRI in the UL grant. In non-codebook based scheme, the precoder will be determined by UE based on DL measurement e.g. on CSI-RS, and BS will select the UL beam(s) based on the pre-coded SRS.
In our view, RAN4 performance requirements should be defined for codebook based scheme only. The non-codebook based scheme is very difficult to be tested, as it is hard to agree on the UE precoder used in the tests. Moreover, the performance of non-codebook scheme is mainly determined by the UL beam, and there is no need to test UE beam generation in a BS demodulation test. 
For testing of codebook based scheme, we think RAN4 should focus on 1Tx and 2Tx. 1Tx could be used on refarming bands, and also in case UE antenna selection is used. Also 1Tx is needed for OTA tests. 2Tx is in our understanding the most typical UE implementation for UL MIMO in FR1, and we think both 1-layer and 2-layer transmission should be tested. How to select the codeword for the tests can be further discussed in RAN4.
[bookmark: _Ref510356121][bookmark: OLE_LINK2]PUSCH performance requirements are only defined for codebook based transmission scheme with 1Tx and 2Tx. For 2Tx, requirements are defined for both 1-layer and 2-layer transmission.
DMRS and PTRS
For PUSCH, NR supports 3 types of RS, i.e. DMRS, PTRS and SRS. DMRS has to be modeled in the tests as channel estimation performance is part of the demodulation requirements.NR supports 2 types of DMRS, i.e. type 1 and type 2. In our view, there is no specific use case for specific DMRS type. Type 1 is considered as the default, and type 2 is targeting for higher number of ports in MU-MIMO case. As the current test scope is only for single UE with up to 2-layer, we see no need to test DMRS type 2. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Another issue for DMRS is the modeling of additional DMRS. As the front-loaded DMRS only cannot ensure good performance in high speed scenarios, additional DMRS can be added as semi-statically controlled via RRC signaling. In our simulation there is no performance difference when UE speed is less than 30Km/h in EPA channel (SNR of 70%TP = 6.79dB with MCS13 and 30Km/h). PUSCH performance with one front-loaded DMRS can ensure good channel estimation performance in low speed scenario. In our view, the current testing scope does not include high speed scenario, so no additional DMRS needs to be modeled in the tests.
PTRS, in our view, is mainly used for FR2 to allow BS to estimate the phase noise. Since phase noise increases with carrier frequency and it can vary up to a few degrees from one symbol to the next at high carrier frequency, we think PTRS configuration shall be used for defining performance requirements for FR2.
Proposal 1: [bookmark: _Ref510356122][bookmark: _Ref516751291][bookmark: OLE_LINK3]The performance requirements are only defined for DMRS type 1 without additional DMRS.
Proposal 2: [bookmark: OLE_LINK4][bookmark: _Ref513224796]PTRS configuration shall be used for defining performance requirements for FR2.

Time domain resource allocation
NR supports two time domain resource allocation types for PUSCH, i.e. type A and type B. With type A, PUSCH always starts from symbol#0, and the symbols length can be 4 to 14 symbols (i.e., slot based transmission). Position of the first DMRS symbol is 2 or 3. With type B, PUSCH can start from any symbol in a slot and the symbol length can be 1 to 13 symbols (i.e., non-slot based transmission) or 14 symbols (i.e., slot based transmission). Position of the first DMRS is always the first symbol of the PUSCH. In our view, each type has its own use cases, so both should be tested. On the other hand, there is no clear difference in terms of performance between the two resource allocation types, but what matters is the symbol length. In our view, both non-slot based transmission and slot based transmission should be tested. Clearly, RAN4 cannot define requirements for each symbol length, so a down-selection is needed. In our view, 14 OFDM symbols for RA type A and 11 OFDM symbols for RA type B can be used for the initial discussion.
[bookmark: _Ref510356124][bookmark: OLE_LINK7]PUSCH performance requirements are defined for both types of time domain resource allocation and, also for both types of transmission.
Others 
NR supports frequency hopping for PUSCH. As the FRC we are considering are all with full cell BW allocation, there is no need to consider frequency hopping.
NR supports limited buffer rate matching for UEs that cannot support very large TBS. In the BS performance tests, test equipment will be used, and there would be no such limitation, so this feature can be disabled in the tests.
[bookmark: _Ref510356127][bookmark: OLE_LINK8]Frequency hopping and limited buffer rate matching are all disabled in the PUSCH performance tests. 
Conclusion
In this paper, we provided our views on open issues for NR PUSCH demodulation work.
Proposal 1: PUSCH requirements for CP-OFDM are defined firstly. The requirements for SC-FDM can be considered after the tests for CP-OFDM is finished.
Proposal 2: PUSCH performance requirements are only defined for codebook based transmission scheme with 1Tx and 2Tx. For 2Tx, requirements are defined for both 1-layer and 2-layer transmission.
Proposal 3:The performance requirements are only defined for DMRS type 1 without additional DMRS.
Proposal 4:PTRS configuration shall be used for defining performance requirements for FR2.
Proposal 5: PUSCH performance requirements are defined for both types of time domain resource allocation and, also for both types of transmission. 
Proposal 6: Frequency hopping and limited buffer rate matching are all disabled in the PUSCH performance tests. 
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