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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
· Active BWP switching delay requirements
· BWP switching delay reduction for 480/960kHz can be further discussed in R18 or later releases
· RAN4 to further check whether FR2-2 BWP Switching on Multiple CCs can follow chapter 8.6.2A, chapter 8.6.2B and Chapter 8.6.3A in TS38.133


· Cross-carrier active BWP switching
· MRTD value should be considered for BWP switching delay definition in cross-carrier scheduling case.
· RAN4 to further discuss how to define requirements for cross-carrier BWP switching considering the following questions:
· How to account MRTD in cross-carrier BWP switching delay:
· Option 1: Several slots according to the MRTD length
· Option 2: 1 slot to reserve misalignment in case of asynchronous between two carriers
· Other options are not precluded
· How to consider additional margin for cross-carrier scheduling
· Option 1: Any option of previous question covers the margin as ceiling to the integer number provides additional time for cross-carrier processing
· Option 2: 1 slot of 120 kHz when both scheduling carrier and scheduled carrier are in FR2-2 (aligned with Option 2 of the previous question)
· Other options are not precluded
· How to consider different SCS between scheduling cell and scheduled cell for cross-carrier BWP switching delay:
· Option 1: the delay requirements to be defined considering the SCS of scheduled cell
· Option 2: keep current assumption which says “TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change”




Regarding how to consider the cross carrier scheduling issue, companies provided different views in terms of which carrier to be considered for DL slot n, and how to extend the delay for cross carrier scheduling. We further provide our views on this issue in following parts. 
Firstly, companies seems have different understanding on how to interpret the legacy requirements for cross carrier scheduled BWP switching as shown below. Regarding whether DL slot n is counted from the slot of the carrier where UE receives DCI (scheduling CC) or the carrier where BWP switching occurs (scheduled CC), companies argued that DL slot n should be the slot of the scheduled CC, otherwise, there is ambiguities on the end of BWP switching delay. However, in the legacy requirements, for both cross-scheduling case and self-scheduling case, DL slot n which also indicates the start of BWP switching delay is the slot on the carrier where UE receives the BWP switching request.
	[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.




Companies present an example in [2] to show the RTD between scheduling CC and scheduled CC when considering the definition of DL slot n. slot N in CC1 is physically the DL slot UE receiving BWP switching request. However slot N in CC2 elaborated in fig calculated by MRTD is not very clear as the RTD could vary from time to time, the actual time instance on CC2 when UE receives BWP switching request in CC1 could be also varies (e.g. slot N, slot N+1). 
	




[image: ]
Fig. I Cross scheduling BWP switching (Scheduling CC with 15KHz and Scheduled CC with 30 KHz.)
And in legacy requirements, we fail to see any ambiguities regarding on which slot the UE is ready for scheduling. It could be observed from the highlighted part, the slot where UE is ready for scheduling is first slot after a duration from slot n. We give an example for cross carrier scheduling case in above Figure I. Slot n is the slot in CC1 where UE receives the BWP switching request, and the duration of TBWPswitchDelay + Y is the length 1 slot of 15 KHz + 1 slot of smaller SCS (15 KHz), then the first slot in CC2 after the duration from the beginning of slot n is slot M+8 in CC2.
Observation 1: In legacy requirements the DL slot n is the slot where UE receives BWP switching request.
As commented by companies during last meeting, the issues is not to redesign the frame work of BWP switching but to evaluate whether the additional 1 slot can cover all the time including MRTD, cross carrier scheduling processing time and PDCCH decoding if the SCS is large.
Observation 2: The question is to evaluate whether additional 1 slot can cover all time needed including MRTD, cross carrier scheduling processing time and PDCCH decoding.
Observation 3: RAN4 should evaluate whether the additional Y slot is sufficient to cover all time needed for cross carrier scheduled BWP switching in instead of redesigning the framework of BWP switching requirements. 
During the discussion in last meeting, companies focus on the impact of RTD when considering the cross carrier scheduling case. However, when the issue is discussed in Rel-16 dormancy SCell, MRTD is not the only factor which may leads to extra delay. The SCS difference, cross carrier scheduling time and PDCCH decoding time will all contribute to the overall delay. And additional 1 slot is allowed to cover all these factors. Additionally, this 1 slot is based on the smaller SCS between Scheduled and Scheduling CC and also considering the case of SCS changing before and after BWP switching. However, the approach provided by companies using the equation seems has not considered the SCS difference between Scheduled and Scheduling CC and before and after BWP switching.
Observation 4: MRTD is not the only factor which contributes to the extra delay of cross carrier scheduling BWP switching. The additional 1 slot considers the SCS difference between Scheduled and Scheduling CC and the SCS difference before and after BWP switching.
Thus, based on the analysis above, we further evaluate whether current additional 1 slot is enough in FR2-2. According to legacy requirements, the minimum delay extension in FR2-1 is the length of 1 slot of 120 KHz when the scheduling CC and scheduled CC are both 120 KHz.
Observation 5: The minimum delay extension for legacy FR2-1 cross carrier scheduling BWP switching is 1 slot of 120 KHz when both Scheduling CC and scheduled CC are 120 KHz without SCS change.
When considering the BWP switching delay for single CC in FR2-2, it is based on the same absolute processing time (600us/2000us) as legacy requirements, thus it is also reasonable to follow the same principle that the processing time for cross carrier scheduling keep in the same level as legacy requirements. Otherwise, it will lead to only 1 slot of 960KHz for FR2-2 as summarized in Table I and Table II.
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
	8
	8
	50%

	30 KHz
	8
	4
	33%

	60 KHz
	6
	2
	25%

	120 KHz
	6
	1
	14%



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
	[40]
	2
	4.8%

	960 KHz
	[39]
	1
	2.5%



It could be observed that it is unreasonable to just scale the delay on single CC to number of slots based on absolute processing time but keep the delay extension for cross carrier scheduling as 1 slot with larger SCS.
Observation 6: It is unreasonable to just scale the delay on single CC to number of slots based on absolute processing time but keep the delay extension for cross carrier scheduling as 1 slot with larger SCS. 
Thus, the most straightforward approach is to keep the delay extension same as the minimum extension of legacy FR2-1, which is the length of 1 slot of 120 KHz.
Observation 7: It is reasonable to keep the delay extension same as the minimum extension of legacy FR2-1, which is the length of 1 slot of 120 KHz.
Thus, it is proposed that if both 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. The corresponding text proposals are as follows:
“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. If both scheduling cell and scheduled cell are in FR2-2, Y shall follow the SCS of 120KHz.”
Then for instance, if the scheduling CC are scheduled CC are both with 960 KHz SCS, which is the most extreme case. The overall delay is TBWPswitchDelay (39 slots of 960 KHz)+ Y(1 slot of 120KHz = 8 slot of 960KHz)
Proposal 1: When both scheduling carrier and scheduled carrier are in FR2-2 for cross carrier scheduling active BWP switching, Y is the length of 1 slot of 120 KHz.
Another remaining issue is whether BWP switching on multiple CCs can follow the legacy requirements. RAN4 should check whether bwp-SwitchingMultiCCs-r16 can be directly reused in FR2-2 and whether the definition of N needs to be revisited which is related to the per-FR gap. According to the agreement in last meeting about per-FR gap that RAN4 not to define independent gap between FR2-1 and FR2-2. Thus, it seems bwp-SwitchingMultiCCs-r16 and N can be used in RAN2.
Observation 8: The existing requirements for BWP switching on multiple CCs apply to FR2-2. 
According to CR work split, the corresponding changes can be found in companied CR [3].
3. Conclusions
Observation 1: In legacy requirements the DL slot n is the slot where UE receives BWP switching request.
Observation 2: The question is to evaluate whether additional 1 slot can cover all time needed including MRTD, cross carrier scheduling processing time and PDCCH decoding.
Observation 3: RAN4 should evaluate whether the additional Y slot is sufficient to cover all time needed for cross carrier scheduled BWP switching in instead of redesigning the framework of BWP switching requirements. 
Observation 4: MRTD is not the only factor which contributes to the extra delay of cross carrier scheduling BWP switching. The additional 1 slot considers the SCS difference between Scheduled and Scheduling CC and the SCS difference before and after BWP switching.
Observation 5: The minimum delay extension for legacy FR2-1 cross carrier scheduling BWP switching is 1 slot of 120 KHz when both Scheduling CC and scheduled CC are 120 KHz without SCS change.
Observation 6: It is unreasonable to just scale the delay on single CC to number of slots based on absolute processing time but keep the delay extension for cross carrier scheduling as 1 slot with larger SCS. 
Observation 7: It is reasonable to keep the delay extension same as the minimum extension of legacy FR2-1, which is the length of 1 slot of 120 KHz.
Proposal 1: When both scheduling carrier and scheduled carrier are in FR2-2 for cross carrier scheduling active BWP switching, Y is the length of 1 slot of 120 KHz.
Observation 8: The existing requirements for BWP switching on multiple CCs apply to FR2-2. 
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