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1 Introduction
After RAN1 2018AH#1, many of the issues of UE processing time are finished. However, there are still few remaining issues to be resolved/clarified.

· Aggressive UE processing time

· Clarification of slot-based and non-slot-based scheduling

· CA with/without cross-carrier scheduling
· Discussion on PUSCH transmission
· Reception of multiple PDSCHs simultaneously
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.
The N1 requirement of the “Front-loaded + additional DMRS” for aggressive capability is 12, and that for baseline capability is 13 in case of 15KHz/30KHz SCS. The difference is only one OFDM symbol, resulting in less motivation to specify an aggressive capability for “Front-loaded + additional DMRS”.

Proposal #2: For aggressive N1, remove the condition of “Front-loaded + additional DMRS” from the table

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 #3: 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

	Frequency-first RE-mapping
	N2
	Symbols
	5
	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 #4: 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 #5: 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 Clarification of slot-based and non-slot-based scheduling
Regarding to the definition of slot-based scheduling and non-slot-based scheduling, it was clarified in RAN1 2018AH#1 by below two agreements (only partial of them are captured here for simplicity)
Agreements:

· Clarification that Table 2-1 in R1-1801124 for “slot-based scheduling” in previous UE processing time RAN1 #91 corresponds to the following conditions

· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 

· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· PDSCH Type A, and PUSCH Type A or B
· …
Agreements:

· The baseline UE processing time capability (Capability #1) in NR Release 15 given by Table 2.1-1 corresponds to the following conditions

· PDCCH conditions

· Case 1: PDCCH monitoring periodicity of 14 or more symbols 

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· First symbol of PDSCH assumed to be no earlier than the first symbol of PDCCH scheduling this PDSCH

· PDSCH Type B and PUSCH type B time-domain allocation 

· FFS: increase N1 by d symbols if front-loaded DMRS comes d symbols after first PDSCH symbol

· ….
The first agreement is to clarify the definition of “slot-based scheduling” and the second agreement is to capture scheduling behaviour other than “slot-based scheduling”. For convenience, in the contribution, we use the term of “non-slot-based scheduling” for “scheduling behaviour other than slot-based scheduling”. From the above agreements, we may find that “PDCCH condition Case 1-1 & PUSCH type B” is addressed in both “slot-based scheduling” and “non-slot-based scheduling”, as highlighted by yellow color. Although the N1/N2 values are the same in both scenarios at this stage, it is still better to clarify clearly which scheduling behaviour it belongs to. 

Proposal #6: Clarify that“PDCCH condition Case 1-1 & PUSCH type B” belongs to slot-based scheduling
4 CA with/without cross-carrier scheduling
CA with cross-carrier scheduling was discussed in RAN1 2018AH#1, there is no agreement made yet. The below memo was captured in chairman’s note.
Discuss till next meeting

· For CA with cross-carrier scheduling

· FFS: N1 value when there is timing offset between PDCCH carrier and PDSCH carrier

· FFS: N2 value when there is timing offset between PDCCH carrier and PUSCH carrier

The potential factor related to UE processing time for cross-carrier scheduling is the timing difference between different carrier. From LTE’s 36.331, timing difference between the signals received from the PCell and the SCell at the UE receiver could be up to 30.26us. Figure 1 explains how the timing difference affects the UE processing time. In the example, CC2 is much far away from UE compared to CC1. UE use CC1 and CC2 for DL, and UE use CC1 for UL. When CC1 scheduling PDSCH in CC2, from UE perspective, if there is extra timing delay of 30.26us for CC2, UE’s processing time is reduced also for 30.26us. It is noted that TA cannot reflect the timing difference in the example since UL is transmitted to CC1 rather than to CC2.
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Figure 1. UE processing time considering timing difference between different cells
In fact, as also shown in Figure 1, as long as there are multiple CC, the timing difference shall be taken into consideration no matter cross-carrier scheduling is applied or not. Therefore, the timing difference defined in 331 shall be introduced for UE processing time in case of CA.
Proposal #7: In case of CA operation, the extra UE processing time shall be introduced based on the max timing difference among CCs defined in RAN4 spec
· Note : The value may be SCS dependent, depending on RAN4’s discussion

5 Discussion on PUSCH transmission

It was agreed in RAN2 NRAH 1801:

· The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.

· The spec will be updated to capture this in normative text for UL/DL
From the agreement, we know that the dynamic grant overrides the configured grant. However, it is still not clear yet, whether it possible to have two overlapped (in time) dynamic-granted PUSCH. It is better to be clarified. It is not clear yet how and why to define priorities between dynamic-granted PUSCH in case they are overlapped in time. Furthermore, the remaining time for Rel-15 NR is quite limited. Therefore, we propose that
Proposal #8: For cases of PUSCH and PUSCH overlapping in time domain
· “Dynamic grant” vs “configured grant”
· The dynamic grant overrides the configured grant
· Note : It was already agreed in RAN2
· “Dynamic grant” vs “dynamic grant”
· This is error case at least in Rel-15. UE’s behavior is not specified.

· “Configured grant” vs “configured grant”
· This is error case. UE’s behavior is not specified.

6 Reception of multiple PDSCHs simultaneously
According to TS 38.202, UE in RRC_CONNECTED can receive at most 4 PDSCHs simultaneously. See Figure x as an illustration. These 4 PDSCHs are indicated by PDCCHs with CRCs scrambled by C-RNTI, P-RNTI, SI-RNTI, and RA-RNTI. This means UE needs to reserve hardware capability for 4 simultaneous PDSCHs to take care of the worst case. In LTE, to reduce UE cost, it is specified in TS 36.213 that UE is not required to decode the PDSCH associated with C-RNTI, when RA-RNTI and C-RNTI are assigned in the same subframe. We think the same UE behaviours should be adopted in NR as well.
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Figure 2. Multiple PDSCHs received simultaneously by UE

In our view, all NR UEs are required to support the following 

· In an OFDM symbol, REs comprise those for 1 unicast PDSCH and up to 2 broadcast PDSCHs;

· In an OFDM symbol, REs comprise those for up to 3 broadcast PDSCHs;

The complementary scenarios of the above are given below. UE behaviours should be specified for these cases. 

· In an OFDM symbol, REs comprise those for 1 unicast PDSCH and 3 broadcast PDSCHs;

· In an OFDM symbol, REs comprise those for 2 unicast PDSCHs.

For both cases, UE can drop the unicast PDSCH.

Based on the discussion above, we have the following proposals.

Proposal #9:

· When PDSCH indicated by RA-RNTI and PDSCH indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or C-RNTI(s) for SPS/grant-free.

· When two PDSCHs indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode the PDSCH with lower priority.

· When two PDSCHs have different starting OFDM symbols, the one with later starting symbol has lower priority

· When two PDSCHs have the same starting OFDM symbol, the one with smaller TBS has lower priority

7 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: For aggressive N1, remove the condition of “Front-loaded + additional DMRS” from the table

Proposal #3: 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

	Frequency-first RE-mapping
	N2
	Symbols
	5
	6


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

Proposal #4: 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 #5: 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 #6: Clarify that“PDCCH condition Case 1-1 & PUSCH type B” belongs to slot-based scheduling

Proposal #7: In case of CA operation, the extra UE processing time shall be introduced based on the max timing difference among CCs defined in RAN4 spec

· Note : The value may be SCS dependent, depending on RAN4’s discussion

Proposal #8: For cases of PUSCH and PUSCH overlapping in time domain
· “Dynamic grant” vs “configured grant”
· The dynamic grant overrides the configured grant
· Note : It was already agreed in RAN2
· “Dynamic grant” vs “dynamic grant”
· This is error case at least in Rel-15. UE’s behavior is not specified.

· “Configured grant” vs “configured grant”
· This is error case. UE’s behavior is not specified.
Proposal #9:

· When PDSCH indicated by RA-RNTI and PDSCH indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or C-RNTI(s) for SPS/grant-free.

· When two PDSCHs indicated by either C-RNTI or C-RNTI(s) for SPS/grant-free are assigned in common OFDM symbol(s), the UE is not required to decode the PDSCH with lower priority.

· When two PDSCHs have different starting OFDM symbols, the one with later starting symbol has lower priority

· When two PDSCHs have the same starting OFDM symbol, the one with smaller TBS has lower priority
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9 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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