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1	Introduction
During RAN#82 meeting, the status report of Rel-15 NR WI is presented. As mentioned in the report, for NR BS performance requirements, due to lack of simulation results, some requirements, test parameters and configurations are still remaining TBD. Additional work is needed to further alignment simulation results with aiming to specify the requirement, and correct the requirement due to unachievable performance measures. Meanwhile, some open issues related PUSCH performance requirements are required to further discussion.
In this contribution, we provide our view on the remained issue of PUSCH performance requirement. 
2	Discussion
2.1	UCI on PUSCH
As captured in WF, RAN4 will introduce requirements for UCI multiplexing on PUSCH in Rel-15. Considering the time line for completion Rel-15 NR performance part in the last year, RAN4 group has less time for discussion the details parameters for performance requirement of UCI multiplexing on PUSCH. As agreed, the details will be discussed in this meeting.
Similar with UCI in PUCCH, there are three types of UCI information on PUSCH, HARQ-ACK information, CSI part1 information, CSI part2 information, CSI part1 information. CSI part1 mainly includes RI and CQI report, while CSI part2 mainly includes PMI report. UE can support UCI transmission with and without multiplexing PUSCH data. When UE receives UL grant and sends PUSCH data, UCI should be multiplexed with data. When UE has no data transmission, the scheduler will request UCI feedback such as a-periodic CSI report. In that case, UE will send only UCI on PUSCH without data.
Generally, for these two types of UCI with or without data, the number of coded modulation symbols per layer for each UCI type is different, which will result in the sequence length after rate matching different, the effectively coding rate will be different, under different configuration for FR1 and FR2.
Observation 1: For UCI transmission on PUSCH with and without data, the number of coded modulation symbols per layer for UCI is different under different configuration for F1 and FR. Further discussion on whether the requirements of UCI transmission with and without data should be introduced simultaneous in Rel-15 is needed.
As for the mapping method, UCI is mapped on non-DMRS symbol, with frequency first manner. The distributed manner is applied if the number of unmapped UCI symbols is smaller than the available number of REs on a OFDM symbol, otherwise, UCI is mapped on all REs on the symbol. The follows are the mapping principle for different UCI information 
· HARQ-ACK
· For up to 2 HARQ-ACK bits, PUSCH is punctured
· For more than 2 HARQ-ACK bits, PUSCH is rate-matched
· Mapped starting on the first available no DMRS symbols after the first DMRS symbol (s) regard of the number of DMRS

· CSI part1
· Mapped starting on the first available non-DMRS symbols regardless of number of DMRS symbols in PUSCH transmission
· Not mapped on the HARQ-ACK REs (in HARQ-ACK rate-matching or reserved in HARQ-ACK puncturing)
· CSI part2
· Not mapped on the HARQ-ACK REs in HARQ-ACK rate-matching but can mapped on reserved HARQ-ACK RE
· Not mapped on the CSI part1 REs

As the mapping in frequency domain, given a UCI type on OFDM symbol i, modulated UCI symbols are mapped with distance d in frequency domain
· d=1, if (the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i ) >= (the number of available  REs in this OFDM). Otherwise,
· d = floor{(number available REs on OFDM symbol i)/( the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i)}
As following, we have provided one example to indicate the UCI mapping principle.
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Figure 1, Different UCI type mapping principle (symbol of HARQ-ACK=5, CSI part1=16, CSI part2=50)
Observation 2: For UCI transmission on PUSCH, the mapping principle will be different. CSI part1 information is mapping firstly, then CSI part2 mapping in the principle of frequency –first mapping. In case of HARQ-ACK existed, some RE is located by CSI part2 information will be punctured by HARQ-ACK, which is reserved for HARQ-ACK.
As for UCI information, in our view, HARQ-ACK and CSI part 1 have more high priority compared with CSI part2 information. In LTE, the requirements of HARQ-ACK multiplexed on PUSCH are specified. For the test, there is CQI, RI or SRS transmission, only HARQ-ACK with one bit is considered. In our view, compared with LTE Rel-8, NR has designed five PUCCH formats to support different coverage scenario, short latency, less latency critical. NR has defined two kinds of PUCCH format with 0 and 1 for small number payload, and the related requirements are specified.
As indicated in the RAN1 spec, in case of HARQ-ACK bit less than 2, PUSCH data will be punctured. For CSI part2, it also will be punctured by HARQ-ACK. To some extent, both the performance requirements of CSI part2 and PUSCH data will be slightly impact, due to that the coding rate for them is improved. Especially, in case of much CSI part2 information is punctured by HARQ-ACK, while BS has no information about puncturing location, how to specify the requirement with achieved reasonable performance should be further discussion.
Based on the UCI mapping principle, we can observe that CSI part 1 is mapping from the first available non-DMRS symbol, to some extent, this mapping principle can help reducing the decoding latency to obtain UCI information fast.
Hence, we would like to prefer to specify the UCI on PUSCH performance requirement of CSI part1 with high priority. As for test metric of UCI requirements on PUSCH with CSI part 1, we propose that BLER performance with target 1% can be applied.
Proposal 1: Prioritized to specify the UCI on PUSCH performance requirement with CSI part1, BLER performance with target 1% can be applied for test metric of UCI requirements on PUSCH in Rel-15
In terms of UCI coding method, RM coding is applied when UCI bits less than 11 bit, and polar coding is applied when UCI bits larger than 11 bits. For UCI in PUCCH, RAN4 has introduced test cases with covering both RM coding and polar coding. For UCI on PUSCH, in our view, it is not necessary to design the test cases with covering both RM coding and polar coding. So, we would like to specify the UCI requirement with RM coding firstly. As for payload, we prefer to define test case with 8 bit for CSI part1.
Proposal 2: Prioritized to introduce test cases with CSI part1 under RM coding firstly for NR in Rel-15, the test case with 8 bit payload is preferred.
As for UCI partition, in case of frequency hopping, the modulated UCI symbol can be partitioned into two parts. Since frequency hopping is disabled for PUSCH data, we would like to prefer no partition is specified.
Proposal 3: No UCI partition performance requirement is specified for NR in Rel-15
As for modulation scheme, the modulation order of UCI follows the modulation of UL data. For data channel, MCS 2, MCS16, and MCS 20 are chosen for performance requirement. Hence, the same MCS level defined for PUSCH can be applied for requirement of UCI multiplexing on PUSCH
Proposal 4: The same MCS level defined for PUSCH can be applied for requirement of UCI multiplexing on PUSCH.
As for waveform, PUSCH can support two kinds of waveform, CP-OFDM and DFT-OFDM. RAN4 group has designed many test cases for them. For these two waveforms, UCI mapping principle is same. In order to reduce work effort, we prefer to specify UCI requirement with CP-OFDM waveform firstly. 
Proposal 5: Prioritized to specify UCI requirement with CP-OFDM waveform first
As for SCS and BW combination, duplicating the previous agreed configuration in the requirement s of PUSCH for UCI multiplexing on PUSCH is impractical, which will result in heavy simulation results and alignment workload. In order to reduce the workload, hence, we prefer to down select the high priority cases for SCS and BW. 
[bookmark: OLE_LINK1]Proposal 6: Prioritized to specify performance requirement with SCS and BW combination, down selection from agreed SCS and BW combination in PUSCH 
As for antenna configuration, RAN4 group have specified requirement with 1/2Tx 2/4/8 Rx antenna configuration for FR1, 1/2Tx/2Rx antenna configuration. Considering there are only 2Rx requirements for UCI multiplexing on PUSCH, we would like to apply the same antenna configuration for FR1 and FR2 with 1Tx/2Rx.
Proposal 7: Prioritized to specify UCI performance requirement with 1Tx 2Rx antenna configuration.
As for DMRS configuration, based on current simulation results for PUSCH, it is clearly shown that some cases with one 1 DMRS in FR1 cannot reach 70% of maximum throughput under specified channel condition. Hence, we prefer to DRMS 1+1 configuration with high priority in FR1. For FR2, we proposal follow the configuration set up in PUSCH for FR2.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 8: Prioritized to specify UCI performance requirement with 1+1 DMRS configuration in FR1, and 1 DMRS configuration in FR2
2.3	Different configuration 
In the last meeting, RAN4 group has discussion the test applicability for PUSCH with different configuration.
For time domain resource allocation, there are four options about whether to test not-slot and/or slot based transmission with resource mapping type B.
· Option 1: Type B for non-slot based
· Option 2: Type B for slot based
· Option 3: Type B for both slot and non-slot based
· Option 4: Type B not tested.
In our view, two different time resource allocation type mainly impact the number of DMRS and location. In terms of implementation point view, a front-loaded DMRS can help decoding latency by obtaining a fast channel estimate and performing sequential decoding of frequency-first mapped code blocks. For the PUSCH mapping type A, the location of front-loaded DMRS L0 can be #2 or # 3.  For the PUSCH mapping type B, the first DMRS L0 is located within the first symbol with the related scheduled data, where the processing delay is less. In terms of channel estimation accuracy, DMRS location in Type A can achieve better estimation performance, considering the interpolation method in time domain can guarantee the better performance for edge symbols in scheduled PUSCH data. In FR2, RAN4 group has already specified the requirement with type B. Considering a slot of simulation results alignment work need to be proceed, we would like to proposal no Type performance requirement is introduced in Rel-15 for FR1.
Proposal 9: Prefer to not specify the PUSCH requirements with Type B in FR1 for Rel-15
For PTRS, it is only available for FR2. As indicated in UE feature list, it is mandatory UE feature with UE capability signaling in FR2, RAN4 group has already specified the PUSCH requirement with configured PTRS.
As indicated in RAN1 spec, PTRS density in time domain and frequency domain depends on corresponding scheduled MCS and scheduled bandwidth, with configured high layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig as follows tables
	Scheduled MCS
	
Time density()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



As indicated in the table, in the low MSC level, and small number of RB, the UE can assume that PTRS is not present. Meanwhile, based on the initial simulation results, without PTRS configuration, the performance of PUSCH has less impact, compared with PTRS configuration. In our view, in case of without PTRS configuration, although there is no impact on the final TBS calculation, the effectively coding rate will be reduced. To some extent, coding gain can be expected due to low coding rate. Hence, we prefer there is no PTRS configuration for low MCS, such as QPSK, for high MCS level, both without PTRS and with PTRS configuration should be supported.
In terms of test applicability, BS vendor just chose one of PTRS configuration to test, which is declared to support.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 10: Prefer to specify the PUSCH requirements with no PTRS configuration at least for Low MCS in FR2.

2.4 PUSCH with 256QAM in FR1
As indicated in the UE feature list, QPSK, 16QAM, 64QAM and 256QAM can be configured. The first three modulations are mandatory without capacity singling. RAN4 group has already defined requirements for them. As for 256QAM, currently, for FR1 and FR2, it is an optional feature. For FR1, RAN4 can further discuss to mandate 256QAM for PUSCH in further release. For FR2, RAN4 agreed that no BS and UE requirements will be introduced in Rel-15. Meanwhile, compared with LTE, the requirement of 256QAM is also no included the initial version of LTE, it is introduced in Rel-13. Hence, we prefer to discuss and specify the requirement in the new work item in future release.
Proposal 11: Prefer to specify the PUSCH requirement with 256QAM in FR1 within new work item in future release
2.5	PUSCH with UL timing adjustment 
In LTE, PUSCH requirement with UL timing adjustment is specified. Although this requirement has included in Rel-8, RAN4 group have no agreement that LTE Rel-8 requirement would be included in NR Rel-15, which we just use LTE requirement as reference. As captured in previous WF, the performance requirement with single UE scenario will be specified in Rel-15 with high priority, the requirement with UL timing adjustment will apply multi-user scenario, one scenario specified is optional. In our view, we should focus on the essential performance.  Hence, we prefer to specify the performance with single UE firstly. The multi-user requirement can be discussed in future release.
Proposal 12: Prioritized to specify requirements with single user scenario in Rel-15

2.6	Performance requirements for high speed train
As captured in RAN#81, the UE and BS demodulation performance requirement under HST scenario are treated in Re1-15 after December 2018. In LTE with Rel-8, two kinds of high speed tests are introduced with maximum Doppler value 300Hz and high speed train cases with two scenarios, one is 1340Hz with 350km/h, and another is 1150 with 300km/h.
For NR, currently RAN4 group has specified the high Doppler test with 400Hz, which corresponds to 120Km/h @ 3.6GHz carrier frequency. For BS side, the Doppler is twice of UE side. Hence, the Doppler value is about 2000Hz with 300km/h @ 3.6 GHz carrier frequency. For this Doppler value, whether current DMRS configuration can be supported to achieve the stable performance. If not, additional DMRS configuration should be added. 
Meanwhile, for high speed train scenario, it will have impact on the PRACH performance. In LTE Rel-8, the requirements of PRACH under high speed mode have also specified with Doppler value 1340Hz. Based on agreement, there is no requirements for PRACH with restricted set. In case of high speed train, whether current PRACH configuration can be supported, whether restrict set should be introduced for PRACH to support high speed mode. For these issues, in our view, RAN4 group should have further discussion 
Considering that the performance requirements for high speed train captured in LTE spec are optional. Hence, we prefer to specify the requirement of high speed train in the new work item in future release.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 13: Prefer to specify requirement of high speed train in new work item in future release.
3	Conclusion
In this contribution, the view of remaining open issue for performance requirements of NR PUSCH is provided.
For UCI multiplexing on PUSCH
Observation 1: For UCI transmission on PUSCH with and without data, the number of coded modulation symbols per layer for UCI is different under different configuration for F1 and FR. Further discussion on whether the requirements of UCI transmission with and without data should be introduced simultaneous in Rel-15 is needed.
Observation 2: For UCI transmission on PUSCH, the mapping principle will be different. CSI part1 information is mapping firstly, then CSI part2 mapping in the principle of frequency –first mapping. In case of HARQ-ACK existed, some RE is located by CSI part2 information will be punctured by HARQ-ACK, which is reserved for HARQ-ACK.
Proposal 1: Prioritized to specify the UCI on PUSCH performance requirement with CSI part1, BLER performance with target 1% can be applied for test metric of UCI requirements on PUSCH in Rel-15
Proposal 2: Prioritized to introduce test cases with CSI part1 under RM coding firstly for NR in Rel-15, the test case with 8 bit payload is preferred.
Proposal 3: No UCI partition performance requirement is specified for NR in Rel-15
Proposal 4: The same MCS level defined for PUSCH can be applied for requirement of UCI multiplexing on PUSCH.
Proposal 5: Prioritized to specify UCI requirement with CP-OFDM waveform first
Proposal 6: Prioritized to specify performance requirement with SCS and BW combination, down selection from agreed SCS and BW combination in PUSCH 
Proposal 7: Priority to specify UCI performance requirement with 1Tx 2Rx antenna configuration.
Proposal 8: Priority to specify UCI performance requirement with 1+1 DMRS configuration in FR1, and 1 DMRS configuration in FR2
For different configuration
Proposal 9: Prefer to not specify the PUSCH requirements with Type B in FR1 for Rel-15
Proposal 10: Prefer to specify the PUSCH requirements with no PTRS configuration at least for Low MCS in FR2.
For PUSCH with 256QAM in FR1
Proposal 11: Prefer to specify the PUSCH requirement with 256QAM in FR1 within new work item in future release
[bookmark: _GoBack]For PUSCH with UL timing adjustment
Proposal 12: Prioritized to specify requirements with single user scenario in Rel-15
For Performance requirements for high speed train
Proposal 13: Prefer to specify requirement of high speed train in new work item in future release.
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