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Introduction
NR BS demodulation work has started in RAN4#86bis, and some initial agreements are made regarding the scope of the work in Rel-15, and some open issues are listed for further discussion [1]. Specifically, conducted requirements will be defined for FR1 following the same methods as for LTE conducted requirements definition; OTA requirements will be defined for both FR1 and FR2, following the demodulation framework defined in eAAS WI (unless technical issues are identified) and pending on the completion of eAAS. 
[bookmark: _Hlk513205245]The open issues for PUSCH in [1] are copied below, and there are also other open issues which were not addressed in RAN4#86bis.
	· PUSCH
· No UCI multiplexing on PUSCH
· Test metric: 70% maximum throughput
· FFS: Waveform 
· FFS: DMRS configuration
· FFS: FRC


[bookmark: _Hlk513205847]In this paper, we will provide our views on the open issues for NR PUSCH demodulation work. 
Discussion
Test scope and performance metric
In LTE, PUSCH requirements are defined for several categories:
· Requirements in multipath fading propagation conditions
· Requirements for UL timing adjustment
· Requirements for high speed train
· Requirements for HARQ-ACK multiplexed on PUSCH
· Requirements for PUSCH with TTI bundling and enhanced HARQ pattern
· Enhanced performance requirement type A in multipath fading propagation conditions with synchronous and asynchronous interference
· Requirements for PUSCH supporting coverage enhancement
· Requirements for PUSCH of Frame structure type 3
· Enhanced performance requirement type B in multipath fading propagation conditions
In RAN4#86bis, it is already agreed that HARQ-ACK multiplexed on PUSCH are not considered in Rel-15. Also agreed is that there will no explicit modeling of interferer, so the advanced receiver like MMSE-IRC and MMSE-IC will not be tested.
In our view, RAN4 should first focus the most essential requirements, i.e. the basic requirements in fading channels. Compared to LTE, there are quite some new features in NR PUSCH to be discussed and the proper selection of testing configurations will take some efforts. Also number of test cases will anyway be larger than in LTE due to e.g. more channel BWs, multiple SCS, multiple configurations of DMRS and symbol length, etc., so is the required simulations and calibrations. Therefore, we think other categories of requirements can be defined later when the basic requirements are ready. 
[bookmark: _Ref513224791][bookmark: _Ref510350026]In Rel-15, RAN4 only defines basic PUSCH performance requirements in fading channels for BS demodulation work. 
Waveform and transmission scheme
NR PUSCH supports two waveforms, i.e. CP-OFDM and SC-FDM. 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. SC-FDM on the other hand, is an optional feature that may have some advantages in FR2, so optional test cases can be defined.
[bookmark: _Ref510350034][bookmark: _Ref513224793]PUSCH requirements for CP-OFDM are defined for FR1 and FR2. Optional requirements for SC-FDM are defined for FR2.
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]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.
RS and time domain resource allocation
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. PTRS, in our view, is mainly used for FR2 to allow BS to estimate the phase noise. PTRS can be modeled in FR2 tests, but the phase noise should be modeled in the simulation as it will be very difficult to find an agreeable model based on RAN1 experience. SRS is mainly used to allow BS to estimate the UL channel so to select the Tx beam and determine the Rx beam. In our view, Tx beam selection or Rx beam determination is not in the scope of the BS demodulation tests, and the same principle is also used in LTE tests, so SRS also does not need to be modeled in the tests.
For DMRS, NR supports 2 types, 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. 
Another issue for DMRS is the modeling of additional DMRS. As the front-loaded DMRS only cannot ensure good channel estimation performance in high speed scenarios, additional DMRS can be added as semi-statically controlled via RRC signaling. In our view, the current testing scope does not include high speed scenario, so no additional DMRS needs to be modeled in the tests. 
Proposal 1: [bookmark: _Ref510356122]The performance requirements are only defined for DMRS type 1 without additional DMRS.
Proposal 2: [bookmark: _Ref513224796]Phase noise is not explicitly modeled in the FR2 performance requirements. 
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. 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 14 symbols as long as slot boundary is not crossed. 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. Clearly, RAN4 cannot define requirements for each symbol length, so a down-selection is needed. The criteria could be e.g. whether the configuration is likely to be used in the real deployment, and whether the configuration creates specific challenges from demodulation perspective. RAN4 needs to further discuss this down-selection.
[bookmark: _Ref510356124]PUSCH performance requirements are defined for both types of time domain resource allocation. RAN4 needs to down-select the symbol lengths to be tested.
FRC (modulation, SCS and BW)
PUSCH performance requirements are defined for specific FRCs. In LTE, the FRC mainly determines 
· The BW of the PUSCH: 1 PRB or full cell BW
· The modulation order: all supported modulations from QPSK to 256QAM
· TBS and code rate: a specific TBS or code rate is selected per modulation order for the test
NR FRC can be defined in the similar way, but some considerations are needed as follows.
· The BW of the PUSCH: we think FRC with full cell BW allocation can still be used. On the other hand, NR supports more BWs than in LTE as defined in 38.104, it is then a question whether performance requirement should be defined for each supported BW. In our view, this will lead to many test cases and consume a lot of efforts in RAN4, but it does not actually provide additional test coverage, as the PUSCH performance for many BWs is quite similar. Therefore, we suggest to limit the number of BWs to be tested. This is already done in recent LTE performance requirements.
· The modulation order: NR supports all the modulation orders supported in LTE, and it’s straightforward that an FRC is defined for each of them. In addition, NR supports pi/2-BPSK for SC-FDM, which can be tested in the SC-FDM test cases. 
· TBS and code rate: same as in LTE, a code rate needs to be selected for each modulation order. This needs to be further discussed in RAN4.
· SCS: this is a new aspect in NR. For FR1, both 15kHz and 30kHz SCS should be tested. 60kHz SCS for FR1 is so far an optional feature, and we think there is no need to define performance test for it. For FR2, both 60kHz and 120kHz SCS should be tested.
[bookmark: _Ref510356125][bookmark: _Ref513224800]FRC for PUSCH performance requirements should be defined for PUSCH with full cell BW allocation, with some but not all the supported BWs in 38.104.
Others 
NR supports code block group based PUSCH transmission. In our view, this is a feature which does not really impact the performance. To simplify the tests, we suggest to disable it in the tests.
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.
NR supports only asynchronous HARQ in UL, and the number of HARQ processes is fixed as 16. The RV in the HARQ retransmission is also specified in RAN1 as 0-2-3-1, same as in LTE. In the BS performance tests, test equipment will be used, so there would be no limitation on the UE HARQ processing. The performance tests will be defined in the way that all UL slots are used for scheduling, so there is no need to define HARQ process number, HARQ timing or RV in the test cases. The only needed HARQ related parameter is number of HARQ retransmissions, which can be 4 as used in LTE.
[bookmark: _Ref510356127]Code block group based PUSCH, frequency hopping and limited buffer rate matching are all disabled in the PUSCH performance tests. Number of HARQ retransmissions is defined as 4.
Simulation assumptions
Based on discussions on section 2, our suggested simulation assumptions for NR PUSCH performance requirements are summarized in Table 1.
[bookmark: _Ref510350872]Table 1: Simulation assumptions for NR PUSCH performance requirements.
	Parameter
	Value
	Remarks

	
	FR1
	FR2
	

	Transform precoding
	Disabled
	Both enabled and disabled 
	CP-OFDM in FR1 and FR2, SC-FDM in FR2 as optional requriements

	Transmission scheme
	Codebook based
	Codebook based
	

	Number of Tx
	1, 2
	1
	no transparent Tx diversity considered

	Number of Rx
	2, 4, 8
	1, 2
	number of diversity branches in baseband

	Number of layers
	1 and 2
	1
	

	DMRS type
	type-1
	type-1
	

	Number of DMRS symbols
	1
	1
	no additional DMRS

	Time domain resource allocation type
	A, B
	A, B
	

	PUSCH symbol length
	RA type A: FFS
RA type B: FFS
	RA type A: FFS
RA type B: FFS
	down-selection needed

	SCS (kHz)
	15, 30
	60, 120
	

	PUSCH BW (MHz)
	15kHz SCS: 5, 10, 15, 20
30kHz SCS: 10, 20, 40, 80, 100
	all supported BWs
	down selection needed

	MCS
	QPSK: FFS
16QAM: FFS
64QAM: FFS
256QAM: FFS
	pi/2 BPSK: FFS
QPSK: FFS
16QAM: FFS
64QAM: FFS
256QAM: FFS
	MCS to be determined

	Carrier frequency (GHz)
	4
	30
	

	Propagation channel
	AWGN, TDL-C (RMS 300ns, UE speed 30km/h)
	AWGN, TDL-D (RMS 30ns, UE speed 30km/h)
	



Conclusion
In this paper, we provided our views on open issues for NR PUSCH demodulation work.
Proposal 1: In Rel-15, RAN4 only defines basic PUSCH performance requirements in fading channels for BS demodulation work.
Proposal 2: PUSCH requirements for CP-OFDM are defined for FR1 and FR2. Optional requirements for SC-FDM are defined for FR2.
Proposal 3: 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 4: The performance requirements are only defined for DMRS type 1 without additional DMRS.
Proposal 5: Phase noise is not explicitly modeled in the FR2 performance requirements.
Proposal 6: PUSCH performance requirements are defined for both types of time domain resource allocation. RAN4 needs to down-select the symbol lengths to be tested.
Proposal 7: FRC for PUSCH performance requirements should be defined for PUSCH with full cell BW allocation, with some but not all the supported BWs in 38.104.
Proposal 8: Code block group based PUSCH, frequency hopping and limited buffer rate matching are all disabled in the PUSCH performance tests. Number of HARQ retransmissions is defined as 4.
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