3GPP TSG-RAN WG4 Meeting # 101-e									R4-2118850
Electronic Meeting, November 01-12, 2021

Agenda item:	8.16.7.4
Source: 	Huawei, HiSilicon
Title: 	Discussion on BWP switching requirements for extending NR operation to 71GHz
Document for:	Discussion
1. Introduction
The WI on extending NR operation to 71GHz was discussed in the last RAN4 meeting. Some RRM requirements are identified to be updated for operation in FR2-2 [1]. In this paper, we present detailed analysis on the impact to BWP switching requirements.
2. Discussion
The requirements of BWP switching delay on FR2-2 was discussed with the following agreements:
	BWP switching delay for FR2-2
· DCI and timer based BWP switch delay on a single CC
· As baseline, follow 600us and 2000us switching delay for Type 1 and Type 2 respectively
· FFS: if BWP delay reduction is possible for the operation on 480 and 960 kHz SCS
· RAN4 to change Table 8.6.2-1 as follows 
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	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

	4
	0.03125
	[20]
	[65]

	5
	0.015625
	[39]
	[129]

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


Note: TBWPswitchDelay is the BWP switching delay on single CC

· RRC-based BWP switch
· Reuse the existing requirements for RRC-based BWP switch
· BWP Switching on Multiple CCs
· Postpone the discussion for the later stage after requirements for one BWP will be agreed




For DCI and timer based BWP switching, it was agreed to follow the same assumptions as FR1 and FR2-1 that 600us for type 1 UE and 2000 us for type 2 UE. And it is also the general principle when defining the requirements on FR2-2 that scale the existing requirements based on the same assumptions. For active BWP switching, it may contain RF tuning, baseband adjustment. When operating on higher frequency range with larger SCS (480 KHz and 960 KHz), it is assumed that the absolute time that UE to perform certain action will not change much. Based on assumption, the BWP switching requirements, and some of interruption requirements are updated accordingly by scaling the existing values. One of the remaining issues about BWP switching is whether delay reduction is possible for operation on 480 and 960 kHz SCS. Based on working assumptions for creating new FR2-2 RRM requirements in [2], the involved procedures of active BWP switching delay is irrelevant to the SCS. Thus, it is suggested not to consider the BWP switch delay reduction in Rel-17 for type 1 and type 2 BWP switching delay.
	Working assumptions:
· FR2 RRM requirements apply for the operation in FR2-2, unless there is technical justification for a revision of the FR2 requirements.
· For RRM requirements defined with SCS already, higher SCS (e.g., 480 kHz and 960 kHz) applicable for 52.6 – 71 GHz can be defined (if needed) as function of SCS within FR2; For RRM requirements defined with FR2, it needs check if involvements of new SCS’s, division of FR2-1/FR2-2 or FR2 already can cover it.


 
Observation 1: Same assumption of BWP switch delay should be considered for type 1 and type 2 BWP switching delay
Another issue is about how to handle the cross carrier scheduled BWP switching delay for the operation on 480 KHz and 960 KHz. The cross carrier scheduling BWP switching issues was identified in Rel-16 SCell dormancy [3], and one addition slot is relaxed for the cross carrier scheduling. The corresponding requirements are shown as below: 
	[bookmark: _Toc535475993]8.6.2	DCI and timer based BWP switch delay on a single CC
The requirements in this clause only apply to the case that the BWP switch is performed on a single CC with more than one BWP configurations configured.
For DCI-based BWP switch, after the UE receives BWP switching request at DL slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after a time duration of TBWPswitchDelay + Y which starts from the beginning of DL slot n. Where,
-	Y=0, if the serving cell where UE receives DCI for BWP switch request is same as the serving cell on which BWP switch occurs.
-	Y equals to the length of 1 slot, if the serving cell where UE receives DCI for BWP switch is different from the serving cell on which BWP switch occurs for any involved serving cell. In this scenario, TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change.




For example for type 1 UE, when the SCS of the carrier where BWP switch occurs is 120 KHz, the extended BWP switching delay is shown in the following table:
Table I. Delay extension for cross carrier scheduling when the SCS of scheduled CC is 120 KHz
	SCS of scheduling CC
	BWP switching delay on single CC (in slots of 120 KHz)
	Y (in slots of 120 KHz)
	Percentage of delay extension

	15 KHz
	6
	8
	57%

	30 KHz
	6
	4
	40%

	60 KHz
	6
	2
	25%

	120 KHz
	6
	1
	14.3%



When RAN4 discussing the relaxation of delay requirements for BWP switching involving cross carrier scheduling, the MRTD, inter-CC scheduling and PDCCH decoding were considered. If the current requirement apply directly without updating for operation with 480/960 KHz, we take the worst case for example when the SCS of scheduled CC is 960 KHz and the SCS of scheduling CC is 480 KHz and 960 KHz, then extended BWP switching delay for type 1 UE are shown in the following table:
Table II. Delay extension for cross carrier scheduling when the SCS of scheduled CC is 960 KHz
	SCS of scheduling CC
	BWP switching delay on single CC (in slots of 960 KHz)
	Y (in slots of 960 KHz)
	Percentage of delay extension

	480 KHz
	[39]
	2
	4.9%

	960 KHz
	[39]
	1
	2.5%



It could be observed that for the worst case, the delay extension is very limited compared with legacy requirements. It means the time for the procedures of the cross carrier scheduling shall be shrunk in proportion with higher SCS. However, it is conflict with the assumption agreed in the last meeting that the BWP switching delay on single CC is based on the same absolute time as legacy requirements (600/2000us). The delay extension for cross carrier scheduling BWP switching for operation in FR2-2 should be reconsidered.
Observation 2: The BWP switching delay on single CC for FR2-2 is defined based on the same assumptions of absolute processing time (600/2000us).
Observation 3: The processing time of procedures involved the cross carrier scheduling will not decrease in proportion with larger SCS.
Observation 4: The delay extension for cross carrier scheduling BWP switching for operation in FR2-2 should be reconsidered.
To minimize the impact to existing spec, it is suggested to consider additional delay extension for carrier scheduling BWP switching when the scheduling CC and scheduled CC are both in FR2-2. Thus, it is suggested to extent the BWP switching delay by Y, which is the length of 1 slot of 120 KHz when both scheduling carrier and scheduled carrier are in FR2-2 for cross carrier scheduling active BWP switching.
Proposal 2: Extent the BWP switching delay by Y, which is the length of 1 slot of 120 KHz when both scheduling carrier and scheduled carrier are in FR2-2 for cross carrier scheduling active BWP switching.
3. Conclusions
Observation 1: Same assumption of BWP switch delay should be considered for type 1 and type 2 BWP switching delay
Observation 2: The BWP switching delay on single CC for FR2-2 is defined based on the same assumptions of absolute processing time (600/2000us).
Observation 3: The processing time of procedures involved the cross carrier scheduling will not decrease in proportion with larger SCS.
Observation 4: The delay extension for cross carrier scheduling BWP switching for operation in FR2-2 should be reconsidered.
Proposal 2: Extent the BWP switching delay by Y, which is the length of 1 slot of 120 KHz when both scheduling carrier and scheduled carrier are in FR2-2 for cross carrier scheduling active BWP switching.
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