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1 Introduction

This contribution considers remaining aspects related to HARQ management and UE processing time. 
2 Discussion 
2.1 Continuous reception of PDSCHs

In RAN1#92bis meeting, how to deal with UE processing for two consecutive PDSCH was discussed and the following conclusion was made.
Conclusion:

Consider whether further handling on UE processing time may be needed in the following cases

· L1 is the length (in symbols) of a first PDSCH allocation

· L1-dmrs is location of last DMRS in the allocation 

· L2 is the length (in symbols) of a second PDSCH allocation

· L2-dmrs is location of last DMRS in the allocation 

· g is the delay (in symbols) between the first and second PDSCH allocation

· In case where L1 – L2 – g > 0

· The DMRS locations between the first and second PDSCH allocation are different

The motivation of the discussion in RAN1#92bis can be illustrated as follows.
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Figure 1. Two PDSCH’s scheduled consecutively. Long PDSCH is received before short PDSCH is received.
There are two things to be considered. One is how long delay should be added to resolve this issue. The worst value is L1 – L2 – g as the conclusion in RAN1#92bis, but this would increase delay too excessively. Another is how to deal with more than two PDSCH scheduled consecutively as illustrated in the following figure.
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Figure 2. Three PDSCH's scheduled consecutively.
As shown above, more than two PDSCH’s can be scheduled consecutively. In this case, there is similar processing time issue as Figure 1. Additional delay may be needed for processing the second and the third PDSCH’s. The conclusion made in RAN1#92bis cannot resolve the issue described in Figure 2, especially the processing time for the third PDSCH. To generalize the conclusion made in RAN1#92bis, an accumulative timer may be needed. Denote d as the additional delay due to consecutive scheduling. Then, the d can be updated for every PDSCH reception as 

d ( min(0, d+L1-L2-g-δ),

where L1 is the time-domain duration of the previously received PDSCH, L2 is the time-domain duration of the current PDSCH, g is the gap between the previously received PDSCH and the current PDSCH, and a non-negative real number or integer δ is the margin for processing. In the above, RAN1 can discuss how δ is proper for processing time.
Proposal 1. Introduce an accumulative timer for processing time calculation in case of consecutive PDSCH’s.
2.2 Simultaneous reception of PDSCHs
In RAN1#92bis, UE behaviour was discussed when a UE in RRC_IDLE receives multiple PDSCHs at the same time for SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH. The following prioritization is proposed according to the necessity of processing at the moment.

RA-RNTI/TC-RNTI PDSCH > P-RNTI PDSCH > SI-RNTI PDSCH.

Proposal 2. If SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH are overlapped with at least one symbol for a given UE from the primary cell, the UE decodes one PDSCH in the following prioritization order: 1) RA-RNTI/TC-RNTI PDSCH, 2) P-RNTI PDSCH, and 3) SI-RNTI PDSCH.
2.3 UE processing time values for capability #2
One of the remaining issues is the timing for aggressive mode. After investigating the processing time in NR, the following table can be considered for aggressive mode, i.e., capability #2, for both slot-based and non-slot-based scheduling.

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
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


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

Proposal 3. For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the above values.
2.4 Additional delay for PUSCH transmission in case of BWP switching 
When PUSCH is scheduled, DCI carrying UL grant can trigger BWP switching. For BWP switching, a UE needs some transition time. RAN4 has discussed how long time is needed for BWP switching and conclude the requirements as shown in [1]. It can be seen that the requirement for BWP transition time is quite large. Therefore, also in PUSCH transmission, the additional delay is needed for PUSCH transmission as depicted in the following figure.
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Figure 3. PUSCH transmission after BWP switching
Especially, the following figure explains the necessity of consideration of transition time for BWP switching in calculation of processing time for PUSCH transmission. Without considering transition time for BWP switching, the second PUSCH in Figure 4 should be able to be transmitted right after the first PUSCH. However, BWP should be switched after the first PUSCH transmission by DCI triggering BWP switching and scheduling the second PUSCH. Then, the processing time for preparation of the second PUSCH should include the transition time for BWP switching.
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Figure 4. BWP switching between consecutive PUSCH transmission
Proposal 4. The minimum processing time N2 for PUSCH transmission should be increased by BWP transition time in case of BWP switching before the PUSCH transmission.
3 Conclusions

In this contribution, we considered the remaining issue of UE processing time, and the followings are proposed. 
Proposal 1. Introduce an accumulative timer for processing time calculation in case of consecutive PDSCH’s.
Proposal 2. If SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH are overlapped with at least one symbol for a given UE from the primary cell, the UE decodes one PDSCH in the following prioritization order: 1) RA-RNTI/TC-RNTI PDSCH, 2) P-RNTI PDSCH, and 3) SI-RNTI PDSCH.
Proposal 3. For both slot-based and non-slot-based scheduling, UE processing capability #2 uses the following values.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


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

Proposal 4. The minimum processing time N2 for PUSCH transmission should be increased by BWP transition time in case of BWP switching before the PUSCH transmission.
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