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1	Introduction
RAN1 has introduced bandwidth parts (BWP) for NR. In the last RAN4 meetings, BWP switching delay has been discussed based on RAN1 LS [1], where RAN1 indicated that it is up to RAN4 to define the range of the transition time delays of active BWP switching, and to decide whether the transition times are reported to the network as a dedicated UE capability.
Agreements:
The value range of the transition time(s) of active BWP switching are up to RAN4 and it’s also up to RAN4 to decide whether the transition time(s) of active BWP switching is reported to the network as dedicated UE capability or not.
Based on the discussion, an LS response was sent to RAN1 in [2] introducing BWP switching delay for different BWP switching cases, consisting of the time from the end of the last symbol including the DCI indicating the BWP switch until BB processing delay and RF transition time has been completed.
As BWP switching delay discussions in the RRM session have been minor, the following note was added to the LS:
Additionally, RAN4 has not finalized the discussion related to potential RRM delay following the BWP switch, possibly impacting when the UE would be able to decode PDCCH on the new BWP.
In this contribution, we discuss the potential additional RRM delays on top of the BWP switching delay defined in the LS. We also continue the discussion on interruptions during BWP switching.
2	Discussion
As listed in the LS, the following BWP switching cases have been identified:
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.
Based on the discussions in the RF session, two types of BWP switching delays were agreed, fast and slow switch. Identifying which type the UE is capable to perform requires UE capability signalling.
The switching delay is described by the following:
· Composed of BB processing delay and RF transition time.
· The type 4 (per UE) capability signalling to differentiate the Type 1 and Type 2 BWP switching delays for each scenario is agreed to be introduced.

The BWP switching delay parameters are given in Table 1 below. The values are applied to both DCI-based and timer-based BWP switching.

Table 1: BWP switching delay parameters
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2.1 Channel estimation delay
As we briefly discussed in our last meeting paper [3], we think RAN4 still needs to discuss whether after the time durations agreed in [2] the UE can be scheduled immediately, or whether the UE still needs some time for e.g. channel estimation, and thus would need to wait for reference signal before being able to transmit.
UE may need to perform channel estimation before it can be scheduled after BWP switching.
RAN4 should first of all discuss whether channel estimation is needed on top of the delays agreed in the LS. Furthermore, it should be discussed whether channel estimation is needed for all four scenarios, or only some of them. We believe channel estimation could be necessary at least in the cases where the old BWP does not cover the new BWP. Nevertheless, each scenario should be considered separately.
If additional delay due to channel estimation is needed, RAN4 should discuss how long this delay should be. UE would need to wait for reference signals to be able to perform channel estimation. As a default this would mean SSB signals, but RAN4 should discuss whether other reference signals could be utilized to allow faster BWP switch.
RAN4 should discuss whether additional delay due to channel estimation is needed on top of the agreed BWP switching delay, and define the length of such delay.
2.2 Interruptions
In addition to the channel estimation delay, RAN4 also needs to discuss possible interruptions caused by BWP switch. 
In the previous RAN1 meeting in Athens, the following agreements were made:
Agreements:
[bookmark: _Hlk508272386]A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum
The first sentence of the RAN1 agreement indicates that the UE is not expected to receive or transmit during the transition time of active DL or UL BWP switch. However, it is unclear whether this means only the cell where the BWP is switched, or all cells configured to the UE. This is in our view something that needs to be discussed by RAN4.
Firstly, RAN4 should discuss whether interruptions to other cells during BWP switching are needed. The need for interruptions may depend on the scenarios listed in the LS, and RAN4 should define in which scenarios interruptions are needed, and how long the interruption should be.
It is not clear whether BWP switching will cause interruptions to other cells.
In case interruptions are needed, there is in our view no need to interrupt the transmission/reception on other cells for a time longer than the necessary RF pulling takes during the BWP switch i.e. the interruption should be shorter than the BWP switching delay consisting of the time defined in [2] + channel estimation delay. The interruption could potentially be shorter than the BWP switching delay defined in the LS, and at least the possible channel estimation delay as discussed in section 2.1 should not impact other cells.
If interruptions are needed, interruption duration during BWP switching should be shorter than the total BWP switching delay.
RAN4 shall discuss the need for interruptions during BWP switching on other cells, and evaluate the duration of such interruptions.

3	Conclusion
In this contribution, we have discussed RRM part of BWP switching delay including possible additional channel estimation delay and interruptions. We have made the following proposals and observations:
1. [bookmark: _GoBack]UE may need to perform channel estimation before it can be scheduled after BWP switching.
1. RAN4 should discuss whether additional delay due to channel estimation is needed on top of the agreed BWP switching delay, and define the length of such delay.
It is not clear whether BWP switching will cause interruptions to other cells.
If interruptions are needed, interruption duration during BWP switching should be shorter than the total BWP switching delay.
RAN4 shall discuss the need for interruptions during BWP switching on other cells, and evaluate the duration of such interruptions.
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