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1 Introduction
After RAN1#92, many of the issues of scheduling/UE processing time are finished. However, there are still few remaining issues to be resolved/clarified.

· UE processing time capability#2
· PUCCH resource adaptation considering UE processing time
This contribution discusses these aspects.

2 Aggressive UE processing time
Table 1 is the current discussion status (agreed @ RAN1#90bis) of aggressive UE processing time in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH
Table 1. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N2
	Symbols
	[2.5-6]
	[2.5-6]


It is noted that when N2 is evaluated, it was assumed that “Front loaded DMRS for low latency” and “N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH”. Therefore, in case FDM of DMRS and PUSCH is allowed, one additional OFDM symbol shall be added.

Proposal #1: For aggressive N2 operation, if FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
It is noted that the table was agreed in non-CA case. At least little extra processing time shall be introduced to accommodate CA operation for a UE cost-efficient design. Regarding to UL waveform, it is noted that both CP-OFDM and DFT-S-OFDM waveforms are supported in NR UL. DFT-S-OFDM takes one more DFT operation, and it becomes significant when we are targeting quite small UE processing time. Therefore, it is proposed in the below as a reasonable aggressive UE processing time.

Proposal #2: To adopt the below Table 2 for aggressive UE processing time in NR Release 15 for slot-based scheduling, including CA case, with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
Table 2. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N2
	Symbols
	6
	6


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

From our evaluation as shown in Table A1 and Table A2 (refer to Appendix for more information), the reduced total scheduled PRB number in PDSCH/PUSCH is beneficial to reduce UE processing time for DL/UL. Therefore, we have the below proposals
Proposal #3: When reporting the support of aggressive UE capability, UE can report the support of N1 and support of N2 separately. In addition, one additional parameter can be carried to indicate the support of 0%, 50% or 100% of max PRB number for DL and UL, separately.
Similar to what we have observed from the results of baseline UE processing time, multiple CC operation may take more UE processing time. Therefore, besides throughput related parameter, CC related parameter is also proposed to be reported.
Proposal #4: When reporting the support of aggressive UE capability, one additional parameter can be carried to indicate the support of either 1, 2, or 4CC.
3 PUCCH resource adaptation considering UE processing time
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 5, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity.
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Figure 5. Example of the updated PUCCH resource with advanced timing

Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time. As shown in Figure 6, T2 has to be equal to or larger than (8+3) symbols, in case of “15KSCS, without additional DMRS”. Additional processing time of 3 symbols are added since the PDSCH in Slot#(n+1) had duration as 4 symbols. It seems fine from UE processing time perspective. However, in the example, to have a valid transmission of PUCCH resource 1, UE may need to start its preparation before UE decode the PDCCH in Slot#(n+1). If UE is assigned an updated PUCCH resource with additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which introduces UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to be scheduled to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N2 requirement is for PUSCH scheduling, including PDCCH decoding and PUSCH preparation. Although the processing time for PDCCH decoding plus PUCCH preparation may not be exactly the same as N2, N2 is a good reference as the timing threshold. Therefore, we have the proposal :

Proposal #5: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols
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Figure 6. Example of the updated PUCCH resource with postponed timing

4 Conclusion
UE processing time is evaluated and we have the below proposals :

Proposal #1: For aggressive N2 operation, if FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
Proposal #2: To adopt the below Table 2 for aggressive UE processing time in NR Release 15 for slot-based scheduling, including CA case, with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
Table 2. UE Processing Time and HARQ Timing (Capability #2)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	4
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N2
	Symbols
	6
	6


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal #3: When reporting the support of aggressive UE capability, UE can report the support of N1 and support of N2 separately. In addition, one additional parameter can be carried to indicate the support of 0%, 50% or 100% of max PRB number for DL and UL, separately.
Proposal #4: When reporting the support of aggressive UE capability, one additional parameter can be carried to indicate the support of either 1, 2, or 4CC.
Proposal #5: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols
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6 Appendix

Table A1 and Table A2 are the evaluation results we shared in R1-1718326. They are reproduced here for convenience.
Table A1. Evaluation results for N1 (44 PDCCH blind decoding candidates)
	DMRS for CE
	Scheduled PRB Number for DL
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	20% max PRB number 
	N1=3
	N1=3
	N1=3
	N1=8.5

	
	100% max PRB number 
	N1=8
	N1=9.5
	N1=13.5
	N1=21


Table A2. Evaluation results for N2 (44 PDCCH blind decoding candidates)

	RE Mapping
	Scheduled PRB Number for UL
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Frequency-first
	20% max PRB number 
	N2=7
	N2=10
	N2=17
	N2=31

	
	100% max PRB number 
	N2=9
	N2=11
	N2=17
	N2=31
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Observation : Adaptation of PUCCH resource may postpone transmission time of PUCCH
and NW shall always guarantee UE processing time
However, even UE processing time is guaranteed,
the example shows that UE may know
it is re-scheduled to PUCCH resource 2 (with more HARQ-ACK bits to be multiplexed)
during the preparation of PUCCH resource 1, which introduces UE’s design burden.

Proposal : UE is not expected to have additional HARQ-ACK bit to be multiplexed together
based on the DCl that is no earlier than the current PUCCH resource by N, symbols



[image: image4.png]Assumption : 15KSCS, N1=8 (without additional DMRS) (TA not considered for simplicity)

Slot#(n+1) Slot#(n+2) Slot#(n+3) &
PUCCH
resource 1 I PDCCH

- I PUCCH
resource 2

T2 > 8 symbols

T1 > 8 symbols

Observation : Adaptation of PUCCH resource may advance transmission time of PUCCH,
and NW shall always guarantee UE processing time



