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1	Introduction
During the RAN4#86b Melbourne meeting, the first meeting where NR BS demodulation requirements are discussed. Some general principle are agreed in WF[1]. As for part for the test configurations, the general open issues are follows:
· Propagation Condition
· Option1: Consider to use the conclusions from UE demod discussions, if feasible
· Option 2: consider the BS demod independently from UE discussion
· Duplex mode
· TDD UL DL configuration
· Consider only semi-statically configured UL DL configurations
· Antenna configuration
· BW
· SCS
· Reference receiver
· only noise is modeled in the tests (no explicit interferer modeled) in Rel-15
· Consider how to capture CA, EN-DC and SUL based on single carrier cases
· Study multiple user test cases after single user tests cases are completed, if needed
As for test UL channels, included PUSCH, PUCCH, and PRACH, some configurations and parameters still remain open. 
· PUSCH
· No UCI multiplexing on PUSCH
· Test metric: 70% maximum throughput
· FFS: Waveform 
· FFS: DMRS configuration
· FFS: FRC
· PUCCH
· Format
· Whether all formats or a subset of the all formats are tested 
· Test metric
· For HARQ-ACK: DTX to ACK, and missed ACK, other metrics not precluded
· For CSI, if introduced: BLER
· FFS which metric is used for which formats 
· PRACH
· Preamble Format 
· Whether all formats or a subset of them are tested
· FFS: whether type of restricted sets are to be tested 
· FFS: Test metric
In this contribution, we provide our view on general issues and remain issues for UL channels for NR BS demodulation requirement.
2	Discussion
2.1	General Issue
In existed LTE 36104 BS demodulation requirements, 2Rx, 4Rx, 8Rx antenna configuration are used for the test setup. It is reasonable that we can re-use this antenna configuration in NR system. Although more than 8 TRX ports can be support considered with Massive MIMO, in terms of the antenna number at the baseband, 2Rx, 4Rx and 8Rx are the reasonable configuration.
For Tx side, the antenna configuration should be depended on UL Channel. For PUSCH, NR PUSCH can support multilayer transmission, so 1Tx and 2Tx can be introduced to performance test
For PUCCH and PRACH, there is no definition for PUCCH MIMO transmission and no diversity requirement for PRACH; we just reuse the legacy configuration with 1Tx for UE side.
Proposal 1: For BS side, 2Rx, 4Rx, 8Rx should be introduced to performance test. For Tx side, the antenna configuration should be based on UL Channel. 1Tx or 2Tx for PUSCH, 1Tx for PUCCH and PRACH are introduced to performance test.
As for the channel bandwidth and subcarrier spacing, compared with LTE, there are three kinds of subcarrier spacing method supported for data transmission in FR1 and two SCS supported in FR2. With channel bandwidth, it depends on the numerologies and frequency ranges. For example, in FR1, 5MHz~50MHz supported for 15 kHz, for 30 KHz/60KHz, upper to 100MHz. Generally, there are 40 combinations of channel bandwidth and subcarrier, while in LTE, we only have 6 combinations, Also, for different band, the available bandwidth is different. For example, for NR band1, only 20MHz channel bandwidth can be available for SCS 15 kHz, while for NR band 77 and NR band 78, 50MHz can be available for 15KHz, 100MHz can be available for 30KHz/60KHz.So it is not impractical the BS performance requirement should be defined  with all the combinations as well as per band. We need to down selection with typical combination to introduce performance test. 15KHz SCS with 5/10/20MHz, and 30KHz SCS with 20/40/100MHz can be considered as typical combination from our side.
Considering that 60KHz SCS is the optional feature in FR1 so far, so, in our review, there is no need to introduce the performance test for 60KHz SCS. Also, as for the CP type, the extended CP is only defined for 60KHz SCS. Since we did not prefer to use 60KHz SCS as the performance test, it is no need to introduce the performance test with extended CP.
Proposal 2: 15 KHz and 30KHz SCS are used for performance requirements. 15KHz SCS with 5/10/20MHz, 30KHz SCS with 20/40/100 MHz can be introduced to performance test. Only normal CP type is used for the NR performance requirement test.

2.2	UL Channels
As agreed in WF, for the UL channel, the demodulation performance of PUSCH, PUCCH, and PRACH should be defined.
· PUSCH
In existed LTE 36104, PUSCH performance requirements are defined serval categories. Compared with LTE, there are several categories. So, in our view, we should focus on the essential performance as fading propagation performance.
As for UL waveform, NR defines two kinds of waveforms, i.e. CP-OFDM and SC-FDM, where UL waveform can be semi-statically configured by the network. From the RAN1 discussion, CP-OFDM is main stream wave for NR PUSCH in FR1. In the table1, we just summary the pros and cons of NR UL waveforms with serval aspects:
Table 1: Comparison between CP-OFDM and DFT-S-OFDM
	
	CP-OFDM
	DFT-S-OFDM

	PA Efficiency
	High PAPR/CM
	Low PAPR/CM

	MIMO support
	Easy (per-tone processing, ML)
	Hard (post-IDFT processing ,MMSE-IRC)

	Diversity Support
	Better performance at low code-rate (coding gain at frequency selective channel) 
	Better performance at high code-rate (spreading gain at frequency selective channel)

	RS/Data Multiplexing
	FDM/TDM
	TDM(for maintaining low PAPR)



From this table, there is no obvious benefit of DFT-S-OFDM over CP-OFDM in FR1.From the view of implementation, additional implementation complexity will be expected due to IDFT operation. Also, compared with LTE UL, CP-OFDM is new feature for PUSCH, it is reasonable to define the performance requirements with CP-OFDM, while for the DFT-OFDM; we can introduce the performance requirement later. So, we proposed the PUSCH performance requirement only defined for CP-OFDM.
 Proposal 3: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
As for RS, PUSCH defines 3types of RS, i.e., DMRS, PTRS and SRS. For the demodulation performance requirements, DMRS should be introduced to performance test since it related with channel estimation performance. For PTRS, since current work scope of BS demodulation performance only focuses on FR1, so there is no need to introduce PTRS as performance test. As for SRS, similar as LTE, we also think there is no need to introduce SRS as performance test. 


For DMRS, NR supports 2 types, i.e, type 1nad type2. In our view, type 1 can be considered as the default configuration, type 2 is for MU-MIMO case, since we are only focus on the single UE case, so, there is no need to introduce the performance test with type-2.
As for DMRS configuration, front –loaded DMRS is enough for performance test, since we are not focus on the high speed train scenario with the good channel estimation performance requirement,
Proposal 4: For UL PUSCH RS, only Type1 DRMS with the maximum of 2symbols is introduced to performance test.
· PUCCH
In NR PUCCH, there are 5 PUCCH formats are specified, based on the occupied OFDM symbol length, payload size, channel coding as well as RS configuration. Here, we just provide some analysis for different formats
· Waveform: Format 0/2 use CP-OFDM, Format 1/3/4 use DFT-S OFDM
· Symbols: 1-2 symbols for Format 0/2, 4-14 symbols for Format 1/3/4
· RB allocation:1 PRB for Formar0/1/4, 1-16 PRB for Format 2, 1-6, 8-10,12 for Format 3
· UCI bits: less than 2 bit for Format 0/1, large than 2 bits for Format 2/3/4.
· UCI type: 1-bit/2-bit  HARQ-ACK and /or SR for Format1, HARQ-ACK with/without SR and /or CSI feedback for Format 2/3/4
· Encoding: only Format 2/3/4 need to consider the details of encoding scheme,  such as repetition for UCI bits =1, Simplex code for UCI bits =2, RM for 3< UCI bits <12, Polar code for UCI bits >12
· MCS:   BPSK/QPSK for Format1, Pi/2 BPSK or QPSK by configuration
Overall, considering the possible combination with RB allocation, UCI bits, symbols, Encoding method, as well as MCS configuration, It is impractical to verify features under all the combination, we need to down selection some typical combination or a subset of format to introduce the test cases. 
As for RB allocation, Format 0, Format1 can be selected as typical format from our side, since the RB allocation is fixed as one PRB, while 
As for UCI bits, Format 0/1 has small UCI bits with less than 2, while for other Format 2/3/4 has large then 2.
As for UCI type, HARQ ACK information is more important than CSI information, we prefer format 0/1 as for other formats 2/3/4 which includes with CSI information. If CSI information included, down selection one of format 2/3/4 is preferred, such as format 4, since it is only with 1PRB allocation.
As for MCS configuration, considering pi/2 BPSK is still an optional feature, only for format 3/4, in our view, there is no need to introduce the performance requirement.
Based on our above analysis, we prefer to not cover the whole format in current stage; a subset of formats should be down selection to introduce the test cases to define the performance requirements. The details of rule for down selection can be considered with RB allocation, UCI bits, UCI type and MCS configuration.
Proposal 5: A subset of all the formats should be down selection to introduce the test cases. The details of rule for down selection can be considered with RB allocation, UCI bits, UCI type and MCS configuration.
· RB allocation : 1RB
· UCI type: HARQ-ACK priority to CSI information 
· Number of UCI bits:  <=2
· MCS:   QPSK
Based on the rule, Format0 and Format1 should be introduced to performance test for UCI type with HARQ-ACK information.  Down selection one of format 2/3/4 , such as format 4, since it is only with 1 PRB allocation.
As for test metric, in our view, we propose to use the legacy way in existed LTE 36.104 to define the performance requirement for PUCCH, there are four test metrics for PUCCH defined in LTE.
· DTX to ACK probability
The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, shall not exceed 1%.
· ACK missed detection probability
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
· NACK to ACK detection probability:
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position
· CQI block error probability (BLER) : 
The CQI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the CQI information when the CQI information is sent. All CQI information shall be decoded (no exclusion due to DTX).
Based on the UCI types and UCI bits, we propose the test metric for each format as follows: 
Proposal 6: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
· DTX to ACK probability: Format 0
· ACK missed detection probability: Format 0, 1
· NACK to ACK detection probability: Format 2/3/4 depend on UCI types
· CQI block error probability (BLER): Format 2/3/4 depend on UCI types
· PRACH
In LTE 36.104, two categories are introduced for PRACH requirement metric.
· PRACH false alarm probability 
· Missed detection probability 
For both two categories, the PRACH performance requirement should be supported with the entire PRACH format with False alarm probability <0.1% and Missed detection probability <1%.
In our view, we propose to use the legacy performance metric for NR PRACH performance requirement. 
Conclusion
In this contribution, based on the agreement of WF on the NR BS demodulation, we provide our view about remain issues for UL channels for NR BS demodulation requirement.
Proposal 1: For BS side, 2Rx, 4Rx, 8Rx should be introduced to performance test. For Tx side, the antenna configuration should be based on UL Channel. 1Tx or 2Tx for PUSCH, 1Tx for PUCCH and PRACH are introduced to performance test.
Proposal 2: 15 KHz and 30KHz SCS are used for performance requirements. 15KHz SCS with 5/10/20MHz, 30KHz SCS with 20/40/100 MHz can be introduced to performance test. Only normal CP type is used for the NR performance requirement test.
Proposal 3: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
Proposal 4: For UL PUSCH RS, only Type1 DRMS with the maximum of 2symbols is introduced to performance test.
Proposal 5: A subset of all the formats should be down selection to introduce the test cases. The details of rule for down selection can be considered with RB allocation, UCI bits, UCI type and MCS configuration.
· RB allocation : 1RB
· UCI type: HARQ-ACK priority to CSI information 
· Number of UCI bits:  <=2
· MCS:   QPSK
Based on the rule, Format0 and Format1 should be introduced to performance test for UCI type with HARQ-ACK information.  Down selection one of format 2/3/4 , such as format 4, since it is only with 1 PRB allocation.
Proposal 6: For UL PUSCH waveform, only CP-OFDM is introduced to performance test.
· DTX to ACK probability: Format 0
· ACK missed detection probability: Format 0, 1
· NACK to ACK detection probability: Format 2/3/4 depend on UCI types
· CQI block error probability (BLER): Format 2/3/4 depend on UCI types
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