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Introduction
In RAN4#86, RAN4 agreed BWP switching delays consisting of RF and BB delay for the following scenarios:
· Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
· Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
· Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
· Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.
The agreed delays are the following as agreed and sent to RAN1 for information in [1]:
Table 1: BWP switching delays.
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Discussion about RRM part of bandwidth part switching started in the previous RAN4 meeting. Based on the discussion, a way forward was agreed in [2]. In this contribution, we continue the discussion based on the way forward.
Discussion
The content of the way forward [2] is listed below:
Agreements
· BWP switching on a NR serving carrier (carrier1) will cause interruption in at least serving carrier1.  
· If it is identified that BWP switching in NR serving carrier(s) will cause interruption on LTE serving carrier(s) in EN-DC then the interruption on LTE serving carrier(s) shall be specified in terms of subframes.
Issues for Investigation
· Investigate whether or not BWP switching for the 4 BWP reconfiguration scenarios on cell1 will also cause interruption:
· on LTE PCell and LTE activated SCell(s) and other NR serving cells (e.g. PSCell, SCells) in EN-DC,
· on other NR serving cells (e.g. PCell, SCells) in NR CA.
· Investigate suitable interruption duration (in number of symbols or slots) on NR serving cell(s) due to BWP switching.
· Investigate for scenario where BWP switching results in change of the SCS from old SCS (SCS1) to a new SCS (SCS2), whether the time unit (number of symbols or slots) to express interruption time is based on SCS1 or SCS2.
· [bookmark: _Hlk513554295]Investigate whether there is any problem for the UE to transmit and/or receive signals in one or more time resources (symbols or slots) occurring immediately after the interruption time due to BWP switching e.g.
· any impact on channel estimation,
· any possible impact on measurements,
· analysis to identify other possible impacts is not precluded.
· Investigate whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption and the interruption time (if the procedure is supported and the interruption occurs). 
· Additionally investigate if changing baseband parameters without BWP switch will need interruptions (if the procedure is supported). 
In the following we discuss interruptions and possible additional delay due to channel estimation, as well as how to capture the requirements in specifications.
Interruptions
It is clear that the UE is not expected to receive DL signals or transmit UL signals during BWP switching on the cell where the BWP is switched. However, it is up to RAN4 to discuss whether interruptions to other NR and/or E-UTRA cells are needed and allowed during BWP switching.
If interruptions to other cells are needed, the reason for this needs to be clear. Interruptions, as allowed by the current requirements are caused by tuning on/off another RF chain, which causes distortion to an already active RF chain (inter-band), or due to change of bandwidth and center frequency of active RF chain (intra-band). The question is whether retuning of RF settings due to BWP switching causes interruptions to other cells in a similar way. 
RAN4 should agree whether interruptions are needed for all scenarios 1-4 [1] or if some (or all) of them would not require interruptions to other cells. In our view, at least scenario 4 should not require interruptions to other cells, as only SCS is changed, and this scenario does not require any delay from RF perspective, which is also noted in the LS [1] (Table 1). 
Interruptions to other cells due to BWP switching are not introduced at least for scenario 4.
Interruption need for other scenarios than scenario 4 shall be discussed. However, the former RAN4 discussions related to UEs causing interruptions were about interruptions being caused by turning on/off a second RF chain. For BWP switching there is no turning on or off an additional RF chain, so the situation is not completely similar to other cases where interruptions are allowed. 
Whether interruptions are needed for scenarios 1-3 is to be discussed.
In the WF an additional point was added to be discussed:
· Investigate whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption and the interruption time (if the procedure is supported and the interruption occurs). 
· Additionally investigate if changing baseband parameters without BWP switch will need interruptions (if the procedure is supported). 
As mentioned, interruptions as they currently are defined in 36.133 and 38.133 are due to RF related actions and there have been no discussions related to interruptions due to change of BW and BB settings. Currently we do not see why changing baseband parameters would cause interruptions on other cells than the cell on which the BWP is switched. 
Interruptions are not allowed to other cells for BWP switching due to change in only baseband parameters.
In case interruptions are introduced to other cells (for scenarios 1-3), interruption duration needs to be well defined. As baseline we do not see a need to define longer interruption durations than what is required for other NR interruption cases due to RF pulling which was 1-5 NR slots depending on subcarrier spacing as agreed in [4] and [5]. It should be clear that interruption duration on impacted cells does not need to be as long as the whole BWP switching delay. An interruption on the impacted cell shall only be the time required for the RF actions causing the interruption as in other interruption types introduced for NR.
If interruptions due to BWP switching are needed, interruption duration on the impacted cells shall only cover RF part, not the whole BWP switching time.
BWP switching delay duration to the cell where BWP is switched shall be defined based on the whole BWP switching time. This is at least the time agreed in [1]. However, RAN4 still needs to discuss whether additional delays are needed due to channel estimation or other reasons.
Channel estimation
As listed in the way forward, RAN4 needs to discuss whether the UE can receive and be scheduled immediately after the BWP switching delay defined in Table 1. As discussed in our paper in the previous meeting [6] it should be clarified whether UE in some or all BWP switching scenarios need time for channel estimation after the defined BWP switching delay. 
We see that the need for channel estimation may be necessary only for some of the scenarios 1-4. More specifically, we think channel estimation may only be needed for scenarios where the center frequency is changed – i.e. scenarios 1 and 3. These scenarios are quite similar to intra-band SCell activation, where changing the center frequency causes longer interruption on active cells due to loss of channel information. RAN4 would need to discuss if the UE in these scenarios need some additional time to estimate the channel before it can be scheduled. How long such delay should be would need to be discussed and defined by RAN4. 
In case needed, channel estimation delay would depend on the availability of reference signals after BWP switch. This is dependent on RAN1 agreements.
For other scenarios, we do not see a need for channel estimation. Scenario 4 is only for changing the SCS, which should not require any channel estimation. In scenario 2 bandwidth is changed, but center frequency remains the same. We do not see a need for channel estimation for this case either. However, for scenarios 2 and 4 it should be clarified if there are any limitations after BWP switch for scheduling the UE e.g. regarding MCS.
Additional channel estimation delay may be needed for scenarios 1 and 3.
Additional channel estimation delay is not needed for scenarios 2 and 4.
RAN4 need to define additional UE BWP switch delay – if any – due to channel estimation.
Specification aspects
In RAN1 LS [3], the following is stated:
RAN1 discussed how to specify active BWP switching delay and has achieved the following agreements.
	Agreements:
· It’s RAN1’s understanding that the active DL (or UL) BWP switching delay (i.e. T μs) for two types of UE capability will be specified in RAN4 specs.



Based on RAN1 understanding, BWP switching delay requirement should be added to RAN4 specifications. Although values BWP switching delay as in [1] are agreed by RF, we think the actual delay requirement should be captured in 38.133. We think the following way to introduce BWP switching would be reasonable:
1. Introduce a new section “BWP switching delay” under section 8 covering BWP switching delay on the cell where BWP is switched.
2. If interruptions are caused to other cells, introduce these requirements under interruption section 8.2.
3. If interruptions are also caused to E-UTRA cells, interruption requirements for EN-DC are also needed in 36.133 to cover interruptions to E-UTRA cells. For requirement on BWP switching delay 36.133 can refer to 38.133.
Add new section under section 8 in TS 38.133 covering BWP switching delay for the cell where BWP is switched.
If interruptions due to BWP switching are required to other cells, cover these requirements under interruption sections.
We have made a text proposal for new section 8.x in 38.133 introducing BWP switching delay requirement in [7]. If interruptions are to be introduced for other cells, these requirements can be added under section 8.2.
Conclusion
In this contribution we have discussed the RRM part of BWP switching delay. We have made the following proposals:
1. Interruptions to other cells due to BWP switching are not introduced at least for scenario 4.
Interruptions are not allowed to other cells for BWP switching due to change in only baseband parameters.
If interruptions due to BWP switching are needed, interruption duration on the impacted cells shall only cover RF part, not the whole BWP switching time.
Additional channel estimation delay may be needed for scenarios 1 and 3.
Additional channel estimation delay is not needed for scenarios 2 and 4.
Add new section under section 8 in TS 38.133 covering BWP switching delay for the cell where BWP is switched.
If interruptions due to BWP switching are required to other cells, cover these requirements under interruption sections.
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