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1 Introduction

In this contribution, we present our views on some of the remaining details on UE minimum processing times and switching time provisioning in NR.
2 Some remaining details of UE minimum processing times
In this section, we present our views on some of the open issues on the characterization of UE minimum processing times. 

During RAN1 #91, the following were agreed [1]:

Agreements:

· The baseline UE processing time capability in NR Release 15 for slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 2-1 below. 

· FFS whether processing times can be supported also for cross-carrier scheduling

Table 2-1. 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
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36


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

Agreements:

In the case of multiplexing HARQ-ACK with uplink data on PUSCH

· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective

· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only

· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective

· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH

· d = [1] symbols

· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.

Agreements:

· For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions for all capabilities under the same SCS.

Working assumption:

· The starting point for baseline UE processing time capability in NR Release 15 for non-slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 7-1 below. 

· FFS whether processing times can be supported also for cross-carrier scheduling

· FFS whether additional dependence on time-domain allocation length should be given

· FFS (for N1) regarding front-loaded DMRS location

· FFS (for N1) processing times in relation to CORESET configuration where UE finds scheduling DCI

· FFS if there is a second lower latency UE capability for non-slot based scheduling

Table 7-1. UE Processing Time and HARQ Timing for Non-Slot
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N11
	Symbols
	[8]
	[10]
	[17]
	[20]

	Front-loaded + additional DMRS
	N11
	Symbols
	[13]
	[13]
	[20]
	[24]

	Frequency-first RE-mapping
	N22
	Symbols
	[10]
	[12]
	[23]
	[36]


1. FFS whether additional dependence on time-domain allocation length should be given.
2. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Agreements:

· In the case of multiplexing HARQ-ACK with uplink data on PUSCH

· In the case of mixed numerology between the UL and DL, the UE processing times for N1’, N2’ apply according to the lowest subcarrier spacing between the UL and DL numerologies

Further, the following were agreed at the last RAN1 meeting [2]:

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

· PDSCH duration of at least 7 symbols

· For C-RNTI only

· (working assumption) also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE

Agreements:

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

· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Note: mixed numerology processing time agreements from previous meeting can be applied here (i.e., take largest absolute processing time among numerologies between uplink and downlink)
· 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

· Note: if PDSCH Type A with less than 7 symbols is supported, the capability needs to be further discussed

· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot

· FFS: More than one PDSCH and/or PUSCH case

· Non-CA, and CA case with no cross-carrier scheduling
· For C-RNTI only. 

· (working assumption) also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE

Table 2.1-1. UE Processing Time and HARQ Timing 

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

	Front-loaded DMRS only
	N11
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36


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

Agreements:

· Confirm the value of d=1 symbols in the RAN1 #91 agreement regarding multiplexing of HARQ-ACK with uplink data on PUSCH, i.e., confirm the text (without change) in TS38.214 Subclause 5.3:

· If the HARQ-ACK is transmitted on PUSCH, then d1=1.

One open issue is whether aggressive processing times (“Capability 2”) are supported for “non-slot-based scheduling”. Given that the main difference between slot-based and non-slot-based is in terms of the position of the first DMRS symbol with the DMRS being in the first symbol of the PDSCH/PUSCH, if aggressive processing times are specified for slot-based, then, they should be defined for non-slot-based as well. In fact, it could be argued as something even more important for non-slot-based considering low-latency being one of the target use cases for non-slot-based operation. 

One challenge in this regard is the data channel duration – which being relatively shorter than those for slot-based scheduling. This implies that there may be less time available to “catch up” with any delay from the demod process. However, this may not be an issue under the following observations:

1. The front-loaded DMRS is actually in the first symbol of the shared channel – thereby minimizing buffering and delays in demod.

2. The supported TBS would be lower than that with slot-based case, everything else being the same.

Thus, considering the valid use cases and the fact that a significantly higher processing rate is not expected for non-slot-based scheduling, the following is proposed.

Proposal 1:

· Aggressive UE processing times (Capability 2) are specified for non-slot-based scheduling for SCS values of 15kHz and 30kHz.

· The same numbers for slot-based scheduling are adopted when the front-loaded DMRS is in the first symbol of the PDSCH/PUSCH.
However, an additional consideration for non-slot-based scheduling for DL is that the front-loaded DMRS location is shifted to the first available symbol in case the CORESET with the scheduling PDCCH is multiplexed in the first few symbols of the allocated PDSCH. Due to the short PDSCH duration, in this case, with the DMRS being “pushed inside of the PDSCH”, it is not possible for the UE to catch up with the delay to meet the existing processing time requirements. Thus, it is proposed that an additional symbol of processing time is added to the N1 value for both baseline and aggressive UE processing times for each symbol that the front-loaded DMRS is shifted from the first symbol of the PDSCH.
Accordingly, the following was captured during the last meeting [2]:

· 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

In our view, the above should be supported. However, the above scenario should be further generalized to the case wherein PDCCH and PDSCH with mapping type B are multiplexed in frequency, irrespective of whether the front-loaded DMRS is shifted or not.

There can be scenarios in which the PDCCH and scheduled PDSCH are overlapping in time domain but are multiplexed in frequency such that there is no overlap between the PDCCH and PDSCH on any of the scheduled PRBs for PDSCH in any allocated symbol for the PDSCH as shown in Figure 1. 
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Figure 1: Scheduling PDCCH and scheduled PDSCH and FDM-ed without shifting of PDSCH DMRS. However, UE cannot start channel estimation for PDSCH until after it decodes the PDCCH 

In such a case, the PDSCH DMRS need not be shifted to a later symbol of the PDSCH. However, UE may not start performing channel estimation although the DMRS is still in the first symbol of the PDSCH until the scheduling DCI is decoded. In order to address this constraint on UE processing, the minimum UE processing time, N1, should be relaxed appropriately. 

Considering 7-symbol PDSCH already offers some time-budget for the UE to “catch up” on the initial incurred delay, such relaxation may not be necessary for 7-symbol PDSCH with mapping type B, but only applied for 2- or 4-symbol duration PDSCH.

Proposal 2:

· For both baseline (Capability 1) and aggressive (Capability 2) UE processing times, for PDSCH mapping type B with 2- or 4-symbol duration, the minimum UE processing time, N1, is increased by d symbols if the scheduling PDCCH ends d symbols after first PDSCH symbol.
3 Provisioning for switching time

In the latest draft specifications, the K1 and K2 values are specified as at least large enough to include the minimum UE processing times (N1, N2) and the timing advance (TA). In addition, the NTA_offset accounting for the UL-to-DL transition, and that is already included in determining the DL-UL relative timing, should be included in determining the minimum value of K1 and K2. 

Further, the switching time for DL-to-UL transition should be provisioned as well.

Note that it was agreed during RAN1 NR AH#2 meeting that:

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’
Further, the following was identified as FFS in relation to the N1, N2 values:

· 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

It is important to realize the objective in the first Note above, and this can be achieved by specifying that the UE can assume a certain time period before the first UL symbol in case of switching from DL to UL, during which the UE is not expected to receive or transmit anything, including no PDCCH monitoring. Further, this gap should be realized before the intended UL transmission, and not result in dropping of a part of the UL transmission. The exact duration of the time gap is up to RAN4 WG and may be defined in RAN4 specs. RAN1 specifications should cite the corresponding value when specifying the following UE behavior.
Proposal 3:

· The UE is not expected to receive anything on a symbol if it is within T us from an UL transmission by that UE on unpaired spectrum for a given serving cell.

4 Some remaining details on HARQ operation

One of the outstanding issues from last meeting involves the handling of HARQ process order. In this regard, the following was proposed but the decision was deferred [2]:

For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B
In our view, such constraints do not impose any major restriction to scheduling flexibility, while can help with the UE implementation in avoiding the handling of “out-of-order HARQ processes”. Thus, we propose to specify the following.
Proposal 4:

· For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B.
Regarding handling of HARQ-ACK feedback in response to DL SPS, the following was agreed last meeting [2]:

Agreements:

· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.

· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k

· FFS: how to handle the case with dynamic SFI

· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k

For cases when the semi-static UL-DL configuration may have a conflict on any of the symbol(s) carrying HARQ-ACK in slot n+k, the HARQ-ACK transmission should be postponed to the next available slot that has no conflicts with semi-static configuration (for HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI), or, has no conflicts with semi-static configuration or dynamic SFI (for HARQ-ACK in response to subsequent PDSCHs) in the indicated symbol(s) for the HARQ-ACK transmission. The HARQ-ACK is transmitted on the same symbol(s) that were intended to be used in slot n+k.

For cases when dynamic SFI may have a conflict on any of the symbol(s) carrying HARQ-ACK in slot n+k, the HARQ-ACK feedback in response to the first PDSCH that is triggered by the activation DCI should be handled separately from the HARQ-ACK feedback in response to any subsequent PDSCH following the SPS configuration. 
Specifically, following the UE behavior defined for handling of conflicts with dynamic SFI, for the first case, the UE is not expected to find conflicts with dynamic SFI on any of the symbol(s) that are to be used for HARQ-ACK feedback in slot n+k. However, for HARQ-ACK feedback in response to subsequent PDSCHs, there may be conflicts, in which case, the HARQ-ACK feedback is postponed to the next available slot that has no conflicts with semi-static configuration or dynamic SFI in the indicated symbol(s) for the HARQ-ACK transmission. The HARQ-ACK is transmitted on the same symbol(s) that were intended to be used in slot n+k.

Proposal 5:

· For HARQ-ACK feedback in response to DL SPS:

· In cases of conflicts with semi-static UL-DL configuration in slot n+k,
· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration in the symbol(s) originally intended for the HARQ-ACK transmission.
· For HARQ-ACK in response to subsequent PDSCHs,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.
· In case of conflicts with dynamic SFI in slot n+k,

· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· UE behavior is unspecified as the UE is not expected to find such conflicts.
· For HARQ-ACK in response to subsequent PDSCHs,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.
5 Conclusions

In this contribution, we shared our views on some remaining details of UE minimum processing times, DL-to-UL switching time provisioning, and HARQ operation in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1:

· Aggressive UE processing times (Capability 2) are specified for non-slot-based scheduling for SCS values of 15kHz and 30kHz.

· The same numbers for slot-based scheduling are adopted when the front-loaded DMRS is in the first symbol of the PDSCH/PUSCH.
Proposal 2:

· For both baseline (Capability 1) and aggressive (Capability 2) UE processing times, for PDSCH mapping type B with 2- or 4-symbol duration, the minimum UE processing time, N1, is increased by d symbols if the scheduling PDCCH ends d symbols after first PDSCH symbol.
Proposal 3:

· The UE is not expected to receive anything on a symbol if it is within T us from an UL transmission by that UE on unpaired spectrum for a given serving cell.

Proposal 4:

· For any two HARQ process IDs A and B, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the UE is not expected to send the HARQ-ACK for A after the HARQ-ACK for B.
Proposal 5:

· For HARQ-ACK feedback in response to DL SPS:

· In cases of conflicts with semi-static UL-DL configuration in slot n+k,

· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration in the symbol(s) originally intended for the HARQ-ACK transmission.
· For HARQ-ACK in response to subsequent PDSCHs,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.
· In case of conflicts with dynamic SFI in slot n+k,

· For HARQ-ACK feedback in response to first PDSCH triggered by the activation DCI,
· UE behavior is unspecified as the UE is not expected to find such conflicts.
· For HARQ-ACK in response to subsequent PDSCHs,
· HARQ-ACK transmission is postponed to the next available slot that has no conflicts with semi-static configuration or with dynamic SFI in the symbol(s) originally intended for the HARQ-ACK transmission.
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