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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 previous meeting, this topic has been discussed in [2] [3] [4]. In this contribution we provide our considerations on this topic.
2. Discussion
The following agreements are achieved at RAN4 92bis meeting. According to agreements, BWP switching delay requirement and interruption requirement should be specified. 
Specify RRM requirements of BWP switching 
· The RRM requirement when UE is configured or indicated to change BWP on multiple CCs
· interruption requirement and BWP switching delay requirements
· On the side condition of TCI state  assumption after BWP switching before MAC activation
· Need to confirm with RAN1 on their TCI state assumption in case of BWP switching
· RAN4 will continue discussing in RAN4#92
· Depending the progress in RAN4#92, the leftover scope will be introduced in Rel-16 RRM WI in RAN#85.
A BWP switching can be triggered by three different methods, DCI, timer or RRC signalling, when considering the scenario where BWP switching happens on multiple CCS, one issue need to be investigated is the timing relationship between these switching on different CCs and depending on timing relationship, whether they impact each other or not.
Without loss of generality in the following analysis we focus on what could happen in practice and do not specify any particular deployment case such as EN-DC or NE-DC, in addition we also assume that all BWP switches are within the same frequency range.
2.1 BWP switching at different CCs are not overlapping
As shown in figure 1, this scenario is the simplest case where one BWP switching at one CC will not overlap another BWP switching at another CC. Under this scenario, the delay requirement and interruption requirement of BWP switching defined in Rel-15 for single CC can apply to every individual BWP switching on a particular CC when multiple BWP sweepings on multiple CCs.
Proposal 1: When BWP switching on multiple CCs are not overlapping, the Rel-15 BWP switching delay and  interruption requirement can apply for each individual CC. 
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2.2 BWP switching at different CCs are overlapping
The second scenario is the switch delay of BWP switching on different Ccs are overlapping. The first question to ask is whether we need handle this case. Based on the BWP switching delay requirement, if using Type 2 as an example, for DCI based or timer based BWP switch, the smallest delay is 2.25 ms when the slot length is 0.25 or 0.125ms. With this value in mind and depending on number of active CCs, the overlapping of BWP switching on different Ccs need be investigated although it may not happen frequently.
Proposal 2: The case where BWP switching over different CCs are overlapping need be investigated.
For simplicity reason, we assume all BWP switches are triggered by DCI command for the following analysis. We also assume each individual BWP switch will cause an interruption, i.e., each BWP switch involves changes in any parameters of Table 8.2.1.2.7-2 of TS 38.133, or the BWP switching involves change on SCS.
A simple case of the overlapping scenario is illustrated in the figure 2 where there are only two BWP switches in total. The first BWP switching happens on CC1 which causes an interruption period on other CCs, represented by the red block in figure 2 and a second BWP switching happens on CC3, within the delay period of BWP switching 1 on CC1 and causes an interruption period on othe CCs, represented by the orange block in figure 2. 
Regarding the delay requirement, the current BWP switching delay requirement over a single CC has been studied for a long duration where each individual component contributed to the total delay was extensively analyzed. These components include but not limited to base band processing capability (for DCI etc) and TX/RX switch delay. If we use the same methodology as aforementioned non-overlapping case to define the delay requirement on each individual CC where a BWP switching happens, it implies a UE has the capability to parallelly process multiple BWP switching simultaneously, at least for the overlapping period. This requirement is demanding for UE capability and likely to limit on UE implementation.  
Observation 1: For overlapping BWP switching over multiple CCs case, if using the same methodology of the non-overlapping case to define the delay requirement,  it is demanding of UE capability and will limit UE implementation.
Regarding the interruption requirement, due to the uncertainty of the starting time of the interruption, few new issues need to be studied. 
One scenario is the interruption period caused by BWP switching 1 is not overlapping with the BWP switching 2 therefore the command for BWP swiching 2 could be received successfully, as shown in figure 2. However the interruption period caused by BWP switching 2, could fall in the duration of the delay period of BWP switching 1, as illustrated by the orange block in the figure 2. From CC 2 point of view, within the period TBWPswitchDelay plus Interruption length X, the total interruption could be 2 interruption length X, assuming the SCS of BWP switch 1 and 2 is same. This directly contradicts with the currently Rel-15 interruption requirement and this problem needs be solved. 
Observation 2: For overlapping BWP switching over multiple CCs case, there are scenarios where current Rel-15 interruption requirement on one single CC cannot be satisfied.
Another scenario caused by the uncertain starting time of the interruption is that the starging time of the BWP switching 2 falls into the interruption period caused by BWP switching 1 therefore the command for BWP switching 2 is not received. Under this scenario, how to handle that dropped BWP switching in the delay and interruption requirement should be studied.
Observation 3: BWP switching command may not be received due to the interruption caused by other BWP switchings, how to handle this issue in the delay and interruption requirements needs be studied.
One possible way to handle the overlapping case is to delay the starting time of the delay requirement of each overlapping BWP switching, following the chronological order, as illustrated in figure 2. The corresponding interruption period of BWP switching 2 will be delayed automatically and will be within the period of the corresponding delayed BWP delay requirement duration. From the interruption requirement point of view, at least the principle of Rel-15 requirement, i.e., within a particular duration (delay requirement) at most X slot interruption, can be reused although the value of X could be further studied. From the delay requirement point of view, it also can be viewed as the delay requirement is scaled by the number of total overlapping BWP switchings with a starting time earlier than the current BWP switching.  
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Then we have the following observations:
Observation 4: One possible way to handle the overlapping case is to delay the starting time of the delay requirement of each overlapping BWP switching, following the chronological order.
Observation 5: If the method of observation 4 is used, the principle of Rel-15 interruption requirement could be reused. From the delay requirement point of view, it also can be viewed as the delay requirement is scaled by the number of total overlapping BWP switchings with a starting time earlier than the current BWP switching.  
Proposal 3: The method in observation 4 could be used to handle overlapping BWP switching scenario.




2.3 Other aspects
As mentioned before, same frequency range is assumed in the former analysis. Considering the scenario where two BWP switching are overlapping however locate at different frequency range, for the UE capable of per-FR gap, each interruption time is limited to its own range and will not impact the other frequency range. Under this scenario, although there two overlapping BWP switching, they should be treated separately for per-FR gap capable UE and the principle of non-overlapping case should be used. Of course for per-UE gap capable UE it is still an overlapping case. 
Proposal 4: When designing the delay and interruption for overlapping BWP switching case, per-FR capable or not should be considered.   
3. Conclusion
In this paper, we provide our analysis on BWP switching over multiple Ccs. A few proposals and observations are provided and they are summaried as the following : 
Observation 1: For overlapping BWP switching over multiple CCs case, if using the same methodology of the non-overlapping case to define the delay requirement,  it is demanding of UE capability and will limit UE implementation.
Observation 2: For overlapping BWP switching over multiple CCs case, there are scenarios where current Rel-15 interruption requirement on one single CC cannot be satisfied.
Observation 3: BWP switching command may not be received due to the interruption caused by other BWP switchings, how to handle this issue in the delay and interruption requirments needs be studied.
Observation 4: One possible way to handle the overlapping case is to delay the starting time of the delay requirement of each overlapping BWP switching, following the chronological order. 
Observation 5: If the method of observation 4 is used, the principle of Rel-15 interruption requirement could be reused. From the delay requirement point of view, it also can be viewed as the delay requirement is scaled by the number of total overlapping BWP switchings with a starting time earlier than the current BWP switching.  
Proposal 1: When BWP switching on multiple CCs are not overlapping, the Rel-15 BWP switching delay and  interruption requirement can apply for each individual CC. 
Proposal 2: The case where BWP switching over different CCs are overlapping need be investigated.
Proposal 3: The method in observation 4 could be used to handle overlapping BWP switching scenario.
Proposal 4: When designing the delay and interruption for overlapping BWP switching case, per-FR capable or not should be considered.   

References

[1] RP-191601, “New WI Proposal: NR RRM enhancement in R16”, Intel Corporation, RAN 84
[2] R4-1912206
BWP switching delay on due to BWP switching on multiple CCs, RAN4 92bis
[3] R4-1910818
Discussion on BWP requirements for multiple CCs, RAN4 92bis
[4] R4-1911790
Interruption requirements with BWP switch on multiple CCs, Nokia, RAN4 92bis
�


Figure � SEQ "Figure" \* ARABIC �1� BWP switching on multiple Ccs – non overlapping case





�Figure � SEQ "Figure" \* ARABIC �2� BWP switching on multiple Ccs – non overlapping case








 4 / 4

[image: image3.png]Delay

CC1

cc2

CC3

Cc3
(proposed
solution

t



