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1. Introduction

Discussions around PUSCH demodulation performance requirements has been ongoing in RAN4.
In the last RAN4 #87 meeting, a way forward was agreed [1][2], where companies were encouraged to study highlighted open issues. Before performance requirements are set, a series of simulations analysis needs to be performed.  As NR has many more numerologies and permutations, along with testing aspects to consider for FR1 and FR2, OTA and conducted it’s necessary to narrow the scope to agree on a reasonable starting point. 

In this contribution, initial proposal [3] and additional open issues are discussed below.
2. Discussion

The intention of this contribution is to propose the configurations required for PUSCH demodulation for FR1 and FR2. The scope will limit on a set of selected configurations based on previous contributions.
Performance requirements:
1. Waveform
CP-OFDM waveform will be the primary waveform considered for evaluation. However, as DFT-S-OFDM is also an important alternative waveform for PUSCH, it is proposed to also include DFT-S-OFDM in PUSCH demodulation requirements, but it should be a limited set and not a full duplication of all demodulation requirements based on CP-OFDM. The limited set requirements for DFT-S-OFDM is FFS. Discussions below on other requirements are common for both CP-OFDM and DFT-S-OFDM unless otherwise stated.
Proposal 1: Both CP-OFDM and DFT-S-OFDM should be considered in the requirements.

2. Transmission scheme and SRS
In NR there are codebook and non-codebook-based transmission schemes. With codebook, BS would determine which precoding matrix should be used by the UE, whereas with non-codebook-based transmission scheme, the precoding matrix is determined by the UE. As the precoding matrix is not defined in the spec for non-codebook-based transmission scheme. It is proposed to only include codebook-based transmission schemes in the tests.
SRS is used by BS to select and determine beams, which is not the core algorithm that would affect performance in BS demodulation test and is proposed to exclude SRS in the tests.

Proposal 2: NR BS demodulation tests should only cover codebook transmission scheme and without SRS configured.

3. PRB allocation

Traditionally 1 PRB or full system BW has been used in BS demodulation tests. To limit the test set, it is proposed to only cover full system BW for the initial BS demodulation requirements. 

Proposal 3: Full system BW allocation should be considered in the current requirements.
4. Intra- and inter-slot Frequency hopping

Intra-slot frequency hopping shall not be considered as it is not applicable to full system BW testing. 

As the single user tests are the baseline [2] for the current requirements and inter-slot frequency hopping is beneficial for multi-user scenarios. It is proposed not to include inter-slot frequency hopping in the scope for the current test requirements.
Proposal 4: Both intra- and inter-slot frequency hopping should be disabled in the current requirements.
5. Code block group based PUSCH

Code block group based PUSCH provides the flexibility for fine granular retransmissions and would improve in performance. However, due to extensive permutations possible with NR test parameters, it is proposed to consider only the basic PUSCH performance and only consider this feature after basic performance is defined.
Proposal 5: Code block group based PUSCH should be disabled.
6. Limited buffer rate matching

In the BS demodulation tests, BS does not have issues with limited buffer to support large TBS and thus limited buffer rate matching should be disabled.

Proposal 6: Limited buffer rate matching should be disabled.

7. DM-RS
7.1. DM-RS symbol length and positions
In NR, several DMRS patterns were introduced to meet different channel environments. With front-loaded only DMRS pattern, it would not be sufficient to provide good channel estimation with practical frequency offset and doppler shift, which contributes to the need for additional DMRS symbols. To limit the set of configurations for the requirements and to balance out the requirement with good channel estimator and overhead in the reference signal, it is thus proposed to evaluate demodulation performance with (1+1) pattern (UL-DMRS-add-pos = 1) and l0 = 2 with single DM-RS symbol length (UL-DMRS-max-len = 1) for FR1. Furthermore, such configuration is aligned with BS reference sensitivity requirements [4]
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For FR2, it is proposed to limit the tests to a single DMRS symbol (i.e. UL-DMRS-max-len = 1 and UL-DMRS-add-pos = 0) only configuration as it is proposed also to include PT-RS in the test, which should be sufficient in achieving good channel estimation.
7.2. DM-RS configuration type and data-DM-RS multiplexing
It is possible to configure two different DMRS configuration types, however, as DMRS configuration type 1 (i.e. UL-DMRS-config-type = 1) is the default setting [6] and transform precoding (i.e. DFT-S-OFDM) is limited to UL-DMRS-config-type = 1, furthermore, configuration type 2 is more advantageous for MU-MIMO scenarios. For the current single user baseline, it is proposed to only set the requirements on configuration type 1.

Moreover, to align to the BS reference sensitivity tests, data-DM-RS multiplexing should be disabled.

7.3. PUSCH mapping type and Number of PUSCH symbols 
From performance perspective, there shall be no significant difference with PUSCH mapping type A and PUSCH mapping type B. However, PUSCH mapping type B provides flexibility in PUSCH starting position [7] and would be suitable in certain scenarios. It is proposed to include both PUSCH mapping type A and PUSCH mapping type B in the requirements. However, to limit the test set, it is further proposed to only test PUSCH mapping type A with slot-based transmission for FR1 (to align to BS Reference Sensitivity test [3]) and PUSCH mapping type B for FR2.
As PUSCH mapping type B does not have restrictions on PUSCH starting position, it is also proposed to specify non-slot-based transmission for PUSCH mapping type B with 11 PUSCH symbols [1] and a starting PUSCH symbol other than symbol #0.

Proposal 7: Only DM-RS configuration type 1, UL-DMRS-max-len = 1 and without data-DM-RS multiplexing should be considered.
Proposal 8: 

· FR1: slot-based transmission with (1+1) DM-RS pattern and PUSCH mapping type A should be considered.

· FR2: non-slot-based transmission without additional DM-RS symbols and PUSCH mapping type B should be considered.
8. PUSCH resource allocation type

In order not to complicate resource allocation process for large bandwidth, it is proposed to use PUSCH resource allocation type 1 for both FR1 and FR2.

Proposal 9: PUSCH resource allocation type 1 should be considered.

9. PT-RS time-density and frequency-density
PT-RS with different time-density patterns was introduced to mitigate phase noise for FR2 and should thus only be applied for demodulation requirements relating to FR2. To avoid degradation of BS performance and o align to BS Reference Sensitivity test [4], it is proposed to include PT-RS in the requirements. It is further proposed to only select PT-RS pattern with the default highest density (i.e. every symbol and every 2 PRBs, [4]) to cover worst scenarios for PUSCH demodulation requirements for CP-OFDM.
Defaults thresholds for PT-RS patterns are not defined in 3GPP 38.214 when transform precoding is enabled [7]. In [8], default thresholds NRB0=0, NRB1=8, NRB2=NRB3=32, and NRB4=108 were proposed and provide good performance. The proposed values could be considered for configuring PT-RS when transform precoding is enabled. Nevertheless, as the requirements for CP-OFDM are not concluded, it is proposed to have the PTRS pattern for DFT-S-OFDM for further study until the requirements for CP-OFDM are decided.
Proposal 10: PT-RS (with the highest time and frequency density) should be covered in FR2 BS PUSCH demodulation requirements for CP-OFDM.  FFS on the PT-RS pattern for DFT-S-OFDM until the requirements for CP-OFDM are decided.
10. FRC

10.1. Modulation 
64QAM and 16QAM shall be considered to align to RF requirement for CP-OFDM. QPSK has been defined for BS REF Sensitivity test and many simulations has been done for QPSK and is regarded not necessary to redefine it for PUSCH demodulation performance requirements for CP-ODFM. 

Nevertheless, as DFT-S-OFDM is important for limited coverage scenarios which are especially important at lower modulation schemes, it is thus proposed to evaluate DFT-S-OFDM with QPSK.
10.2. Code rates

Fundamentally, there shall be no significant difference in performance when difference base graph (i.e. base graph 1 or base graph 2) is selected. Base graph 2 is chosen when [9]:

· TBS ≤ 292, or

· 1/4 < code rate ≤ 2/3 and if TBS ≤ 3824, or

· Code rate ≤ 1/4, 

otherwise, base graph 1 is selected. 
In the BS REFSENS test, evaluations on different base graphs at code rate 1/3 for CP-OFDM have been addressed [4]. Thus, it shall be sufficient to evaluate PUSCH demodulation for CP-OFDM only covers one base graph that is suitable for large TBS and moderate high to high code rates (i.e. base graph 1). 
To align to LTE tests, code rates 2/3 (i.e. MCS = 16) and 5/6 (i.e. MCS = 25) are proposed for 16QAM and 64QAM respectively for CP-OFDM and code rate 1/3 (i.e. MCS = 4) for QPSK is proposed for DFT-S-OFDM.
Proposal 11: 16QAM and 64QAM with 2/3 and 5/6 respective code rates should be considered for CP-OFDM and QPSK with 1/3 code rate should be considered for DFT-S-OFDM.
11. Test metric

70% of maximum throughput should be provided as test metric as agreed in [1][2]. 

Proposal 12: Test metric should be set to 70% maximum throughput.

Simulation assumptions based on the proposals mentioned above for this contribution are summarized in Table 1 below.
Table 1: PUSCH simulation assumptions.

	Parameter
	FR1
	FR2
	Comments

	Waveform
	CP-OFDM, and DFT-s-OFDM
	CP-OFDM, and DFT-s-OFDM
	

	Transmission scheme
	Codebook based
	Codebook based
	

	UCI multiplexing
	Disabled 
	Disabled
	

	Intra-slot / inter-slot frequency hopping
	Disabled
	Disabled
	

	Code-block group based PUSCH
	Disabled
	Disabled
	

	Limited buffer rate matching
	Disabled
	Disabled
	

	DM-RS symbols
	1+1 pattern

(DM-RS symbol #2 and DM-RS symbol #11)
	Front-loaded

(DM-RS symbol #3)
	1. Without data DM-RS multiplexing

2. Single DM-RS symbol length i.e.  UL-DMRS-max-len = 1

	DM-RS configuration type
	1
	1
	

	PUSCH mapping type
	A
	B
	

	PUSCH resource allocation type
	1
	1
	

	PT-RS frequency-density
	NA
	Every 2 PRB (KPTRS = 2) without transform precoding
	PT-RS density when transform precoding is enabled is FFS.

	PT-RS time-density
	NA
	Every symbol (LPTRS = 1) without transform precoding
	

	Number of PUSCH symbols
	PUSCH mapping type A: 14 symbols
	PUSCH mapping type B: 11 symbols
	

	Modulation 
	DFT-S-OFDM
	CP-OFDM
	DFT-S-OFDM
	CP-OFDM
	pi/2 BPSK for 

DFT-S-OFDM disabled/FFS

	
	QPSK
	16QAM
	64QAM
	QPSK 
	16QAM
	64QAM
	

	MCS
	4
	16 
	25
	4
	16
	25
	

	Maximum number of HARQ transmissions
	4
	4
	


3. Conclusion

In this contribution, PUSCH performance parameters are outlined and proposed:
Proposal 1: Both CP-OFDM and DFT-S-OFDM should be considered in the requirements.
Proposal 2: NR BS demodulation tests should only cover codebook transmission scheme and without SRS configured.
Proposal 3: Full system BW allocation should be considered in the current requirements.
Proposal 4: Both intra- and inter-slot frequency hopping should be disabled in the current requirements.
Proposal 5: Code block group based PUSCH should be disabled.
Proposal 6: Limited buffer rate matching should be disabled.
Proposal 7: Only DM-RS configuration type 1, UL-DMRS-max-len = 1 and without data-DM-RS multiplexing should be considered.

Proposal 8: 

· FR1: slot-based transmission with (1+1) DM-RS pattern and PUSCH mapping type A should be considered.
· FR2: non-slot-based transmission without additional DM-RS symbols and PUSCH mapping type B should be considered.
Proposal 9: PUSCH resource allocation type 1 should be considered.
Proposal 10: PT-RS (with the highest time and frequency density) should be covered in FR2 BS PUSCH demodulation requirements for CP-OFDM.  FFS on the PT-RS pattern for DFT-S-OFDM until the requirements for CP-OFDM are decided.
Proposal 11: 16QAM and 64QAM with 2/3 and 5/6 respective code rates should be considered for CP-OFDM and QPSK with 1/3 code rate should be considered for DFT-S-OFDM.
Proposal 12: Test metric should be set to 70% maximum throughput.
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