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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
There were several agreements on HARQ timing in the previous meetings. In RAN1 #86bis meeting [1], RAN1 agreed to use K1/K2 indicate the UE processing time for slot-based scheduling. 
Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)
In RAN1 #Ad Hoc 2017-1 [2], RAN1 agreed to consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us). The following agreements were made:
Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2、
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
In this contribution, we show our views on UE HARQ processing time. 
[bookmark: _Ref129681832]Discussion
[bookmark: _Ref480745074]At the UE side, at least the following factors for processing time should be considered: 
· RF and front end processing time, including the processing time on AGC, filtering, FFT, etc. Depending on how the bandwidth parts used for NR-PDCCH and PDSCH are changed, e.g, SCS, FFT size, etc., the RF and front end processing time can be different. Unlike LTE, NR UE has less prior information before UE begins to receive the NR-PDCCH for DL reception. Time for RF and front end processing may be longer than LTE.
· NR-PDCCH channel estimation and demodulation time. The time on NR-PDCCH demodulation depends on PDCCH resource mapping mechanism, e.g, time-first or frequency-first resource mapping. In addition, ePDCCH-like mapping will consume about one slot before the demodulation. 
· NR-PDCCH decoding time, depending on the number of NR-PDCCH blind decoding. Depending on how the NR-PDCCH is designed, time on NR-PDCCH may double for two-TRPs NC-JT.  
· DCI content parser time, depending on the DCI size.
· NR-PDSCH channel estimation and demodulation time. RAN1 has agreed to introduce additional DM-RS. Depending on the position of additional DM-RS, the start time for channel estimation may be delayed.
· NR-PDSCH channel decoding time. The TB size and the mapping mechanisms determine the processing time on channel decoding. 
· NR-PUSCH channel encoding time. The TB size and the mapping mechanisms determine the processing time on channel coding. If CSI feedback is multiplexed with NR-PUSCH, additional waiting time for CSI measurement should be considered.
· L2 processing time, e.g. MAC PDU generation. For NR-PUSCH transmission, the L2 processing time is longer than that for HARQ-ACK. If cross CC ACK/NACK is supported, the time difference between two CC should be considered. 
· L1and L2 interaction time. DCI content parser and L2 processing will introduce the L1/L2 interaction time. Time for L1/L2 interaction is fixed and should be considered with enough margins.
Table 1. Summary of factors on UE processing time
	Factors
	Impacted by following parameters/configurations

	RF and front end processing time
	SCS, BW, BWP configuations

	NR-PDCCH channel estimation and demodulation time
	SCS, MIMO configuration, Time first or frequency first resource mapping 

	NR-PDCCH decoding time
	Blind decoding attempts, e.g, number of BWP/DCI formats to monitor, slot/mini-slot scheduling, number of TRPs for NC-JT

	DCI content parser time
	DCI size

	NR-PDSCH channel estimation and demodulation time
	SCS, MIMO configuration, Front-loaded or additional DMRS

	NR-PDSCH channel decoding time
	TBS, time/frequency resource mapping

	NR-PUSCH channel encoding time
	TBS

	L2 processing time
	TBS, Multiplexing mechanism

	L1and L2 interaction time
	Hardware



Actually, almost every DL reception related design in NR standard will have impact on UE processing time. But we needn’t list all of them. Of all the parameters/configurations impacting on UE processing time, some parameters/configurations can be related to a certain UE category capability, some parameters/configurations can be fixed to a basic assumption when defining a UE category, and some parameters/configurations can be used to as the condition to define different processing time. 
The following parameters/configurations are included in UE category definition:
· [bookmark: OLE_LINK5]The maximum data rate, DL and UL, respectively.
· The maximum bits of a transport block, DL and UL, respectively. 
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]The maximum number of supported layers, DL and UL, respectively.
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]The maximum number of soft channel bits, DL and UL, respectively. 
The following parameters/configurations can be considered as the basic assumptions when defining a UE category:
· Single BWP for UL transmission and DL reception
· NR DL assignment and corresponding NR-PDSCH are in the same BWP. RF retuning is not included.
· One DL assignment and one UL grant to monitor at a time.
· The first PDSCH symbol starts later than the last PDCCH symbol.
· Single TRP operation.
· Slot based scheduling. 
· NR-PUCCH only contains HARQ-ACK for the same carrier. 
· No UCI multiplexing for PUSCH transmission.
· Front-loaded NR-PDCCH mapping. 
The following parameters/configurations can be used as the condition to define different processing time:
· Numerologies for NR-PDCCH, NR-PDSCH and ACK/NACK.
· DM-RS mapping. Front-loaded DM-RS only or additional DM-RS can be configured. 
· Frequency first or time first NR-PDSCH mapping. 
· Frequency first or time first NR-PUSCH mapping. 
Considering many factors related to UE processing time have not been agreed yet, we should have more flexibility at the first stage. In addition, the implementation for both gNB and UE will continuously involve, reporting UE capability on processing time would leave room for further improvement on NR competitiveness.
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Conclusions
In this contribution, we analyze the factors on UE processing time. Based on our analysis, we make the following observations and proposals.
Observation1: UE processing time would be affected by following factors.
 Table 1. Summary of factors on UE processing time
	Factors
	Impacted by following parameters/configurations

	RF and front end processing time
	SCS, BW, BWP configuations

	NR-PDCCH channel estimation and demodulation time
	SCS, MIMO configuration, Time first or frequency first resource mapping 

	NR-PDCCH decoding time
	Blind decoding attempts, e.g, number of BWP/DCI formats to monitor, slot/mini-slot scheduling, number of TRPs for NC-JT

	DCI content parser time
	DCI size

	NR-PDSCH channel estimation and demodulation time
	SCS, MIMO configuration, Front-loaded or additional DMRS

	NR-PDSCH channel decoding time
	TBS, time/frequency resource mapping

	NR-PUSCH channel encoding time
	TBS

	L2 processing time
	TBS, Multiplexing mechanism

	L1and L2 interaction time
	Hardware



Among all the parameters/configurations affecting UE processing time, 
Proposal 1: The following parameters/configurations are included in UE category definition:
· The maximum data rate, DL and UL, respectively.
· The maximum bits of a transport block, DL and UL, respectively. 
· The maximum number of supported layers, DL and UL, respectively.
· The maximum number of soft channel bits, DL and UL, respectively. 
Proposal2: The following assumptions are made to define the UE category and the corresponding UE processing time (N1, N2):
· Single UL/DL BWP
· NR DL assignment and corresponding NR-PDSCH are in the same BWP.
· One DL assignment and one UL grant to monitor at a time.
· The first PDSCH symbol starts later than the last PDCCH symbol.
· Single TRP operation.
· Slot based scheduling. 
· NR-PUCCH only contains HARQ-ACK for the same carrier. 
· No UCI multiplexing for PUSCH transmission.
· Front-loaded NR-PDCCH mapping. 
Proposal 3: The following parameters/configurations are used as the condition to define different processing time (N1, N2):
· Numerologies for NR-PDCCH/NR-PDSCH/HARQ-ACK.
· Front-loaded or additional DM-RS. 
· Frequency first or time first NR-PDSCH mapping. 
· Frequency first or time first NR-PUSCH mapping. 
Proposal 4: UE reports N1 and N2 as UE capability.
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