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1 Introduction
Regarding to UE processing time, some progresses are achieved @ RAN1#90bis.

Agreements:

· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.
· Further determine (N1,N2) processing times for two UE capabilities in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. 

· For a given configuration and numerology, a UE indicates only one capability for N1 (or N2) based on the corresponding entry for N1 (or N2) from either Table 1 or Table 2.

· FFS: if multiple capabilities can be reported with different throughput constraints for N1 (or N2).
Table 1. UE Processing Time and HARQ Timing (Capability #1)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[8]
	[10]
	[14]
	[14-21]

	Front-loaded + additional DMRS
	N1
	Symbols
	[13]
	[13]
	[17]
	[21]

	Frequency-first RE-mapping
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]


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
	[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]


We further provide evaluation results in this contribution, and try to conclude the remaining issues of UE processing time. 
2 Baseline UE processing time
From the agreements, we have “almost” concluded the baseline UE processing time in Table 1 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH. We have to further determine (N1, N2) processing times in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. From our evaluation considering CA or higher order modulation, larger (N1, N2) values are necessary to accommodate such condition change. The suggested (N1, N2) values are shown in Table 3. 
Table 3. UE Processing Time and HARQ Timing (Capability #1)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[8]

K1 = 1 (*)
	[10]

K1 = 1 (*)
	[17]

K1 = 2 (*)
	[21]

K1 = 2 (*)

	Front-loaded + additional DMRS
	N1
	Symbols
	[13]

K1 = 2 (*)
	[14.5]

K1 = 2 (*)
	[20]

K1 = 2 (*)
	[24]

K1 = 2 (*)

	Frequency-first RE-mapping
	N2
	Symbols
	[11]

K2 = 1
	[19]

K2 = 2
	[35]

K2 = 3
	[45]

K2 = 4

	(*) : based on short-PUCCH


After further examination, the difference between values in Table 3 and those in Table 1 is not huge. To have simpler specification and to make NW scheduling easier, we suggest NR to adopt Table 3 as baseline UE processing time for all scenarios, except mixed numerology or mini-slot scheduling cases.
Proposal #1: NR adopt Table 3 as baseline UE processing time for all scenarios, except mixed numerology or mini-slot scheduling cases
· FFS : (N1, N2) values for mixed numerology or mini-slot scheduling cases

UE processing time of ACSI reporting is also an important factor to examine. In addition to normal ACSI reporting, the need of fast “simple ACSI” is raised by CSI group, where the definition of simple ACSI reporting is 
· Simple ACSI : WB CQI/RI/PMI w/ 2 CSI-RS ports; location of CSI-RS at symbol#x, x<=6”. 
After evaluation, we found that UE processing time of simple ACSI may just follow baseline UE processing time for N2. However, it takes more UE processing time for non-simple ACSI. Table 4 lists the UE processing time for ACSI reporting.
Table 4. UE processing time for ACSI reporting

	Configuration
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Simple ACSI
	Symbols
	[11]
	[19]
	[35]
	[45]

	Non-simple ACSI
	Symbols
	[20]
	[24]
	[44]
	[52]


Proposal #2: NR adopt Table 4 as UE processing time for ACSI reporting.

3 Aggressive UE processing time
Table 5 is the current discussion status of aggressive UE processing time.
Table 5. 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, for time-critical scenario, the restriction of FDMing DMRS and PUSCH shall be supported in NR.

Proposal #3: For aggressive N2 operation, NR support further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline.

Proposal #4: For aggressive N2 operation, if FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
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. To ensure the aggressive N2 operation, it is suggest to apply CP-OFDM only for aggressive timing operation.

Proposal #5: For aggressive N2 operation, only CP-OFDM is allowed for PUSCH.

From our evaluation as shown in Table 6 and Table 7 (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 #6: When reporting the support of aggressive UE capability for N1 in case of front-loaded DMRS only, one additional parameter can be carried to indicate the support of 0%, 20% or 100% of max PRB number for DL.

Proposal #7: When reporting the support of aggressive UE capability for N2, one additional parameter can be carried to indicate the support of 0%, 20% or 100% of max PRB number for UL.

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 #8: When reporting the support of aggressive UE capability, one additional parameter can be carried to indicate the support of either 1, 2, or 4CC.

4 Conclusion

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

Proposal #1: NR adopt Table 3 as baseline UE processing time for all scenarios, except mixed numerology or mini-slot scheduling
· FFS : (N1, N2) values for mixed numerology or mini-slot scheduling cases

Table 3 (re-produced here). UE Processing Time and HARQ Timing (Capability #1)

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[8]
	[10]
	[17]
	[21]

	Front-loaded + additional DMRS
	N1
	Symbols
	[13]
	[14.5]
	[20]
	[24]

	Frequency-first RE-mapping
	N2
	Symbols
	[11]
	[19]
	[35]
	[45]


Proposal #2: NR adopt Table 4 as UE processing time for ACSI reporting.

Table 4 (re-produced here). UE processing time for ACSI reporting

	Configuration
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Simple ACSI
	Symbols
	[11]
	[19]
	[35]
	[45]

	Non-simple ACSI
	Symbols
	[20]
	[24]
	[44]
	[52]


Proposal #3: For aggressive N2 operation, NR support further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline.

Proposal #4: For aggressive N2 operation, if FDMing DMRS and PUSCH is allowed, one additional OFDM symbol is added to N2.
Proposal #5: For aggressive N2 operation, only CP-OFDM is allowed for PUSCH.

Proposal #6: When reporting the support of aggressive UE capability for N1 in case of front-loaded DMRS only, one additional parameter can be carried to indicate the support of 0%, 20% or 100% of max PRB number for DL.

Proposal #7: When reporting the support of aggressive UE capability for N2, one additional parameter can be carried to indicate the support of 0%, 20% or 100% of max PRB number for UL.

Proposal #8: When reporting the support of aggressive UE capability, one additional parameter can be carried to indicate the support of either 1, 2, or 4CC.
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6 Appendix

Table 6 and Table 7 are the evaluation results we shared in R1-1718326. They are reproduced here for convenience.
Table 6. 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 7. 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


