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1 Introduction

In RAN1#94bis, timeline requirement between a DL BWP switching DCI and a PUCCH (or a PUSCH) that the UE would multiplex a HARQ-ACK codebook was agreed for semi-static HARQ-ACK codebook. The agreement was captured in the current specification.
Agreements:
· In case of semi-static HARQ-ACK codebook, UE does not expect to detect a DCI format switching DL BWP within N3 (or N2) symbols before the time the UE would multiplex a HARQ-ACK codebook in a PUCCH (or a PUSCH)

–       Note: N3 as defined in 38.213 while N2 as defined in 38.214

In the email discussion after RAN1#98, it was agreed to prepare a CR in RAN1#98bis for changing N2/N3 symbols to Tproc,2 and absolute time corresponding to N3 symbols based on draft CR in [1].

However, whether the timeline requirement is needed depends on the HARQ-ACK codebook construction in case of BWP change where it is not clear whether BWP change is the with reference to the time when BWP switching DCI is received or when the BWP switching is completed. In this contribution, we give our analysis on the timeline requirement for BWP switch and two companion draft CRs are provided based on different interpretations.
2 Discussion

The current specification captures the above agreements for semi-static codebook as follows in 38.213.
	Section 9.1.2.1

A UE does not expect to detect a DCI format switching a DL BWP within 
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 symbols prior to a first symbol of a PUCCH transmission where the UE multiplexes HARQ-ACK information, where 
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 is defined in Subclause 9.2.3. 
Section 9.1.2.2

A UE does not expect to detect a DCI format switching a DL BWP within 
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 symbols prior to a first symbol of a PUSCH transmission where the UE multiplexes HARQ-ACK information, where 
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 is defined in [6, TS 38.214]. 


The agreement was made based on issue#3 in [2] considering the potential impact to semi-static HARQ-ACK codebook due to DL BWP switching according to the previous agreements in RAN1#92 that HARQ-ACK information corresponding to PDSCH transmission before DL BWP switching is excluded from semi-static HARQ-ACK codebook. According to the pseudo code of HARQ-ACK codebook construction, UE determines whether HARQ-ACK for a PDSCH is excluded from semi-static HARQ-ACK codebook based on whether there is an active DL BWP change between the PDSCH and the PUCCH carrying the HARQ-ACK of the PDSCH, as shown in below table. However, there are two kinds of interpretations on the slot for an active BWP change.
	TS 38.213 section 9.1.2.1
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For the set of slot timing values 
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 occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a SPS PDSCH release is same as for a corresponding SPS PDSCH reception.
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if slot 
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 starts at a same time as or after a slot for an active DL BWP change on serving cell 
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 is before the slot for the active DL BWP change on serving cell 
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 or the active UL BWP change on the PCell 
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if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 
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, at least one symbol of the PDSCH time resource derived by row 
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end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and 
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The UE does not expect to receive SPS PDSCH release and unicast PDSCH in a same slot;
else 
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· Alternative 1:  The slot for an active BWP change is the slot in which a DCI indicating BWP switch is located
In this case, if a UE detects a PDCCH switching DL BWP, the UE may re-construct the semi-static HARQ-ACK codebook on the PUCCH to exclude some of HARQ-ACK bits. As a result, the size of semi-static HARQ-ACK codebook may be reduced and finally the PUCCH resource set may be changed. Therefore, both the content of HARQ-ACK codebook and the PUCCH resource to carry HARQ-ACK information may be changed due to the PDCCH switching DL BWP. To give enough time for UE to prepare PUCCH transmission based on the DL BWP switch, there should be a time gap based on N3 between a PDCCH switching DL BWP and the PUCCH carrying HARQ-ACK, as shown in Figure 1. 
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Figure 1 Time gap requirement for DL BWP switch
Based on this understanding, the time gap requirements between BWP switching DCI and PUCCH/PUSCH should be kept for type-1 HARQ-ACK codebook. In addition, the same time gap requirements need to be added for type-2 HARQ-ACK codebook as well since active DL BWP switch impact type-2 HARQ-ACK codebook as well.
	If the UE transmits HARQ-ACK information in a PUCCH in slot 
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if PDCCH monitoring occasion 
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 is before an active DL BWP change on serving cell 
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, or there is a PDCCH indicating SPS PDSCH release on serving cell 
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if harq-ACK-SpatialBundlingPUCCH is not provided and 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,
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elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and 
[image: image94.wmf]m

 is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,
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A companion Draft CR1 in accordance to Alt1 is provided to change N2 and N3 symbols to Tproc,2 and absolute time corresponding to N3 symbols respectively for type-1 HARQ-ACK codebook and add time gap requirements between BWP switching DCI and PUCCH/PUSCH for type-2 HARQ-ACK codebook. 
Observation 1: If Alt-1 is adopted, the time gap for DL BWP switch should be updated based on Draft CR1. 
For the UL BWP change on PCell, there are following two cases for PUCCH (or PUSCH) transmission after an active BWP change.

Case 1: PUCCH (or PUSCH) is within the transition time of UL BWP change

Case 2: PUCCH (or PUSCH) is after the transition time of UL BWP change

For case 1, UE is not required to transmit PUCCH (or PUSCH) during transition time as specified in section 12 in TS 38.213. Hence there is no need to define the time gap between a PDCCH for DCI indicating UL BWP change and a PUCCH (or PUSCH) for HARQ-ACK from HARQ-ACK codebook construction perspective. A general time gap requirement between a BWP switching DCI and UL transmission can be considered to be defined to avoid unnecessary UL signal preparation. However, there will be scheduling limitation of the transmission of DCI indicating UL BWP change if such time gap requirement is defined especially considering UL configured transmission including PRACH, SR, configured grant PUSCH etc. Note that unnecessary UL signal preparation is not always guaranteed in NR. An example is that DL grant or DCI format 2_0 is not required to be transmitted sufficiently early enough before a higher layer configured UL transmission as in section 11 in TS 38.213.
For case 2, since PUCCH is after the time duration of BWP change, the time gap between a PDCCH for DCI indicating UL BWP change and a PUCCH (or PUSCH) for HARQ-ACK is always satisfied as the analysis in Alt 2, which means there is no need to define the time gap.
Observation 2: If Alt-1 is adopted, there is no need to define time gap for UL BWP switch on PCell.
· Alternative 2:  The slot for an active BWP change is the slot indicated by the slot offset value of the time domain resource assignment field in the BWP switching DCI
Based on this understanding, time gap of N3 or N2 between DL BWP switching DCI and PUCCH or PUSCH repectively are not needed as explained below:
· If the slot indicated by the slot offset value from the DL BWP switching DCI is the same as or before the PUCCH or PUSCH slot for HARQ-ACK transmission, the time gap has been satisfied according to the BWP switching time gap requirement. As defined in specification 38.133, TBWPswitchDelay is the minimum required time gap for BWP switch as in the table below. 
Table 8.6.2-1: BWP switch delay

	[image: image101.wmf]m


	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.


The value of N3 and N2 is defined in the specification as below:

	Definition of N3 in the specification:

If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the second DCI format and for all serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the slot,
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Definition of N2 in the specification:

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1

[image: image116.wmf]m


PUSCH preparation time N2 [symbols]
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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PUSCH preparation time N2 [symbols]
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It can be seen that TBWPswitchDelay is always larger than the N3 (or N2) regardless of the SCS. It means there is always no less than N3 (or N2) time gap between DL BWP switching DCI and a PUCCH (or a PUSCH) carrying the HARQ-ACK when DL BWP switch happens, as shown in Figure 2. In this case, define the time gap of N3 (or N2) between the DL BWP switching DCI and a PUCCH (or a PUSCH) carrying the HARQ-ACK is unnecessary.
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Figure 2 Time gap requirement which has been met for DL BWP switch
· If the slot indicated by the slot offset value from the DCI indicating DL BWP switching is after the PUCCH or PUSCH slot for HARQ-ACK transmission, it means there is no DL BWP switch between PDSCH and PUCCH or PUSCH carrying the HARQ-ACK of the PDSCH. Hence, time gap of N2 and N3 are not needed since there is no BWP switching DCI impact HARQ-ACK codebook. As shown in Figure 3, if gNB indicates a DL BWP change on CC2 by a DCI in slot n+3, and the slot indicated by the slot offset value from the DCI is slot n+5, then the HARQ-ACK codebook in slot n+3 on Pcell will not be impacted since both the PUCCH and the PDSCH corresponding to the HARQ-ACKs on the PUCCH are all before the slot for the active DL BWP change. In this case, define the time gap requirement between the DL BWP switching DCI and a PUCCH (or a PUSCH) that the UE would multiplex a HARQ-ACK codebook would introduce unnecessary limitation that even there is no impact on HARQ-ACK transmission due to DL BWP switching on a serving cell, it is restricted that gNB should always ensure there is a time gap of N3 or N2 between BWP switching DCI and the PUCCH or PUSCH carrying HARQ-ACK.
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Figure 3 Unnecessary time gap requirement for DL BWP switch
Based on the second understanding given above, it is not necessary to define the time gap of N2 and N3 requirements for HARQ-ACK codebook determination hence the corresponding descriptions in current specification for semi-static HARQ-ACK codebook should be removed, as shown in Draft CR2. 
Observation 3: If Alt-2 is used, the time gap for BWP switch should be removed based on Draft CR2. 
Proposal: It should be clarified that which of the following alternatives should be used as the definition of the slot for active BWP switch in determining HARQ-ACK codebook and the corresponding CR should be considered:

· Alt 1: The slot for active BWP switch is defined as the slot with the DCI indicating BWP switch, the corresponding CR is shown in Draft CR1;
· Alt 2: The slot for active BWP switch is defined as the slot indicated by the slot offset value of the time domain resource assignment field in the BWP switching DCI, the corresponding CR is shown in Draft CR2.
3 Conclusion
This contribution discussed the issues on the timeline requirement for BWP switch. For HARQ-ACK codebook construction, we found there are two kinds of interpretations on the slot for an active BWP change: one understanding is that the slot for an active BWP change is the slot in which a DCI indicating BWP switch is located, and the other understanding is that the slot for an active BWP change is the slot for PDSCH/PUSCH scheduled by the DCI indicating BWP change, we give our views based on the two understandings and give the following proposal:
Proposal: It should be clarified that which of the following alternatives should be used as the definition of the slot for active BWP switch in determining HARQ-ACK codebook and the corresponding CR should be considered:

· Alt 1: The slot for active BWP switch is defined as the slot with the DCI indicating BWP switch, the corresponding CR is shown in Draft CR1;
· Alt 2: The slot for active BWP switch is defined as the slot indicated by the slot offset value of the time domain resource assignment field in the BWP switching DCI, the corresponding CR is shown in Draft CR2.
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