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1. Introduction
Rel-16 NR RRM working plan was agreed in [1] and for the BWP switching requirement, the objective is:
· The Interruption requirement and BWP switching delay requirement when UE is configured or indicated to change BWP on multiple CCs
In this contribution we provide our further considerations on this topic.
2. Discussion
At RAN4 93 meeting we have the following agreements on this topic: 

Agreements

· BWP switching on all CCs is triggered by the same method (i.e. RRC, timer, or DCI)

· For RRC triggering method, 

· the RRC configuration is provided on one CC only. 

· FFS whether to introduce requirements for case of RRC configuration provided on multiple CCs for NR-NR DC 

Requirements for partial overlap triggering

· For BWP switching on multiple CCs with partial overlap

· Requirements are defined for BWP switching on all CCs triggered by the same method (Timer or RRC)

· DCI based switching is not considered for CA and FFS for NR-DC

· RRC based switching is considered for NR-DC only

· FFS on BWP switching delay with partial overlap triggering

· FFS on interruption requirements for BWP switching with partial overlap triggering

Based on these agreements, we discuss BWP switch delay requirements for simultaneous and partial overlapping cases.
2.1 Simultaneously cases

It has already agreed that BWP switching on all CCs is triggered by the same method. Regarding the switch delay requirement, a few contributions at previous meeting provided solutions. Basically the range of the switch delay is from the value which is the same as that of a switch delay for a single CC to the value where the single CC switch delay is scaled by the number of total involved CCs. Considering the method where the single CC switch delay is scaled by the number of involved CCs, although it is straightforward the total delay may be quite long considering the case if the number of involved CCs is large. Alternatively a delay requirement can be derived by jointing considering UE capability and the total delay, which is tried by few contributions at previous meeting [2], [3]. [4]. 
The Rel-15 BWP switch delay requirement is consisted of two parts, one part is for baseband processing and the other part is for RF. One feasible way to find a tradeoff between the total switch delay and UE capability is to define the baseband processing time the same as that of the single BWP switch, with the assumption that the baseband processing such as PDCCH decoding can be parallelly executed, whereas the RF related processing time is scaled by the number of involved CCs. 
The following table shows how to define the corresponding type 2 requirements based on aforementioned method, Rel-15 type 2 BWP switch delay requirement is used as an example. Firstly the Rel-15 requirement is separated into baseband processing part and RF processing part then the delay requirement of N CCs is calculated and shown at the last column and we have the proposal 1. 
It should be noted that for any particular CC among all involved CCs, if the BWP switch of that CC does not require related RF change, it does not need to be included in the scaling factor N. How to handle this type of CC may depend on conclusions from the MIMO layer adaption requirement.    
Table 1 Illustration on the switch delay requirement for N CCs for simultaneously cases
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Rel-15 Type 2 (single CC requirement)
	Rel-15 Type 2 (single CC requirement with value of components (baseband + RF)
	Switch delay requirement for N related CCs (Type 2)

	0
	1
	3
	1 + 2 
	1 + N*2

	1
	0.5
	5
	1 + 4
	1+ N*4

	2
	0.25
	9
	2 + 7
	2 + N*7

	3
	0.125
	18
	3 + 15
	3 + N*15


Proposal 1: For the simultaneous BWP switch on multiple CCs case, the type 2 switch delay requirement consists of two parts, the RF part and the baseband part. The value of RF related part is scaled by the number of total involved CCs and the value of baseband processing part is the same as the BWP switch delay on single CC.
Proposal 2: For a CC among involved CCs, if its BWP switch does not require related RF change, it does not need to be included in the scaling factor N. 
The next question is how to handle the case when BWP switch results in change the SCS. For example, simultaneously BWP switch on 2 CCs has the case where a BWP switch on CC1 causes the change from SCS1 to SCS2 and a BWP switch on CC2 causes the change from SCS3 to SCS4. To solve this question, we can follow the same methodology of the Rel-15, i.e., the BWP switching delay should be expressed in the time unit of slots corresponding to the largest SCS among all involved SCS value.
Proposal 3: For the simultaneous BWP switch on multiple CCs case, if the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, the BWP switching delay should be expressed in the time unit of slots corresponding to the largest SCS among all involved SCS value of all involved CCs.
Currently RRC based BWP switch delay for single CC is defined as slot [image: image3.png]n + [RRCprocessingDelay T5WPswitchDelayRRC
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, using aforementioned method, as least the [image: image5.png]TrrCprocessingDelay



 should not be scaled by the number of involved CCs. Currently TBWPSwutcgDelayRRCis defined as [6]ms and this part may be scaled by the number of involved CCs. Details on how to extend this part could be investigated further. 
 
Proposal 4: For RRC based simultaneous BWP switch on multiple CCs, at least [image: image9.png]TrrCprocessingDelay



 is not scaled by the number of involved CCs.
2.2 Partial overlapping cases

For the partial overlapping case, it is already agreed that requirements are only defined for BWP switch triggered by the same method. As mentioned by [2], some scenarios of the partial overlapping BWP switch cases have been addressed by [5]. At section 12 at [5], with the same frequency range, the scenario where a DCI based BWP switch is partial overlapping with a previous BWP switch is forbidden and a timer based BWP switch will be delayed if it partially overlaps with a previous BWP switch. Actually the fundamental logic is partial overlapping BWP is not allowed within the same frequency range. The same logic can be applied for RRC based BWP switch as well, i.e., within the same frequency range, the partial overlapping RRC based BWP switch is not allowed. 
Proposal 5: Within the same frequency range, partial overlapping BWP switch is not allowed.    
For the case where partially overlapping BWP switch happens over different frequency range, the case will be forbidden for a UE is not capable of per-FR gap since the location of interruption caused by each related BWP switch is not predictable, i.e., using the same logic for partial overlap BWP switch within the same frequency range. For per-FR capable UE, partial overlapping BWP at different frequency range could be allowed. Since the interruption caused by BWP switch at each frequency range will not impact the transmission/reception at the other frequency range, each individual BWP delay requirement among all partial overlapping BWP switches can follow either the single or the multiple BWP switch delay requirement at corresponding frequency range, depending on whether that BWP switch happens on a single CC or simultaneous multiples CCs.
Proposal 6: For a UE is not capable of per-FR gap, the case where partially overlapping BWP switch happens over different frequency range is not allowed.
Proposal 7: For a UE is capable of per-FR gap, the case where partially overlapping BWP switch happens over different frequency range is allowed.

Proposal 8: For a UE is capable of per-FR gap, at each frequency range, each individual BWP delay requirement among all partial overlapping BWP switches can follow either the single or the simultaneously multiple BWP switch delay requirement, depending on whether that BWP switch happens on a single CC or simultaneous multiples CCs.

3. Conclusion
In this paper, we provide our analysis on BWP switching over multiple CCs and we have the following proposals: 
Proposal 1: For the simultaneous BWP switch on multiple CCs case, the type 2 switch delay requirement consists of two parts, the RF part and the baseband part. The value of RF related part is scaled by the number of total involved CCs and the value of baseband processing part is the same as the BWP switch delay on single CC.
Proposal 2: For a CC among involved CCs, if its BWP switch does not require related RF change, it does not need to be included in the scaling factor N. 
Proposal 3: For the simultaneous BWP switch on multiple CCs case, if the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, the BWP switching delay should be expressed in the time unit of slots corresponding to the largest SCS among all involved SCS value of all involved CCs.
Proposal 4: For RRC based simultaneous BWP switch on multiple CCs, at least [image: image10.png]TrrCprocessingDelay



 is not scaled by the number of involved CCs.

Proposal 5: Within the same frequency range, partial overlapping BWP switch is not allowed.    

Proposal 6: For a UE is not capable of per-FR gap, the case where partially overlapping BWP switch happens over different frequency range is not allowed.

Proposal 7: For a UE is capable of per-FR gap, the case where partially overlapping BWP switch happens over different frequency range is allowed.
Proposal 8: For a UE is capable of per-FR gap, at each frequency range, each individual BWP delay requirement among all partial overlapping BWP switches can follow either the single or the simultaneously multiple BWP switch delay requirement, depending on whether that BWP switch happens on a single CC or simultaneous multiples CCs.
References

[1] RP-191601, “New WI Proposal: NR RRM enhancement in R16”, Intel Corporation, RAN 84
[2] R4-1913586
Discussion on BWP requirements for multiple CCs, MediaTek, RAN4 93
[3] R4-1913997
Considerations on BWP switching on multiple CCs, vivo, RAN4 93
[4] R4-1915403
Discussion on BWP switch for multiple cells, Qualcomm Incorporated, RAN4 93
[5] TS38.213, V15.7.0
 4 / 4

