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1	Introduction
RAN1 has introduced bandwidth parts (BWP) for NR. In the last RAN4 meeting, discussions on BWP switching delay took part based on RAN1 LS [1], where RAN1 indicates 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.
In the last meeting, a common way forward was agreed for RF and RRM aspects in [2]. As the RRM discussion only started in the last meeting, no agreements for RRM part of the BWP switching delay were agreed. In this contribution, we continue the discussion on the RRM delays related to BWP switching. 
2	Discussion
Start and end of BWP switching
According on RAN1 agreements, there are two ways the BWP may be switched:
1) The BWP is switched because of DCI command,
2) Switching back to default BWP because of expiring timer on a non-default BWP. 

In the last meeting, it was discussed when the BWP switching is considered to begin and end in these two cases. Options that were discussed were captured in the way forward:
· Definition of start of BWP switching operation on DL when BWP switch command received via DCI
· Option 1> The new BWP configuration becomes active at the slot boundary
· Option 1a> The BWP switching operation starts at the slot boundary after BWP reconfig command (via DCI ) is received 
· Option 1b> The BWP switching operation starts is at the first slot boundary where UE has not grants after BWP switch command is received 
· Option 2> After UE receives the DCI (last symbol containing DCI)
· Other options are not precluded
· BWP switch time start based on time expiration is FFS
· Definition of end of BWP switching operation 
· Option 1> When the UE is capable of monitoring PDCCH with the new BWP numerology
· Option 2> immediately after the delay switch time
· Other options are not precluded
In the first case, where BWP is switched by a DCI command, our view is that BWP switching begins when the UE receives the DCI command to switch the BWP. On the second case, where BWP is switched because of timer expiration, the switching begins at the moment when the timer expires. For both cases, BWP switching can be considered completed on the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP.
Proposal 1: The BWP switching time can be seen as:
1) DCI command based BWP switching: Time from receiving the DCI command to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP
2) Timer expiration based BWP switching: Time from the timer expiration to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP

Total BWP switching time
RF delay related to BWP switching has been discussed for some meetings, but in our view the total BWP switching time consists of three parts:
· DCI decoding latency
· RF switching time
· RRM latency
The total BWP switching time is the sum of these parameters i.e. RF switching time is only one part of the latency. DCI decoding latency and any possible RRM latencies on top of this need to be discussed as well by RAN4.
Observation 1: BWP switching delay consists of DCI decoding latency, RF switching time, and RRM latency.
DCI decoding latency
DCI decoding latency is part of BWP switching delay only when the BWP is switched by a DCI command. For the second case, where BWP is switched because of timer expiration, the value for DCI decoding latency is zero. RAN1 has not defined such value, so the value needs to be defined. For starting the discussion, DCI decoding latency should at least be significantly lower than PDSCH to HARQ ACK latency, which for 15 kHz subcarrier spacing without additional PDSCH DM-RS configured is 8 ms (38.214, section 5.3).
Proposal 2: Value for DCI decoding latency as part of BWP switching delay shall be defined.
RF switching time
As listed in the way forward, RF switching time consists of baseband processing, retuning the local oscillator, reconfiguring the RF chain for more or less bandwidth, reconfiguring the RF chain for different numerologies, or a combination of these operations. This part of the delay should be defined in RF discussions and it may be different for different cases listed in the WF. RRM requirements should refer to these values in the total BWP switching delay requirement.
In the way forward [2], four different scenarios of BWP switching were identified as below:
· For intraband bandwidth part switching, there are 4 scenarios which involve possible changes in BWP configuration
· The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the numerology. 
· The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the numerology.
· The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the numerology. 
· The reconfiguration involves changing only the numerology, where the center frequency and BW of the BWP remain unchanged.
The actual delay is likely different for these four different cases, where changing only the numerology as being pure baseband operation is likely the fastest, while changing both bandwidth and center frequency likely causes the longest latency. RAN4 should define whether different delay requirements need to be defined for the different cases, or whether one delay can cover all cases in case differences in the actual latencies between the cases are minor. When defining the delay, intra-band requirement should be defined, as BWP switching always happens within the same band. 
Additional RRM delays
Any additional RRM latencies that need to be discussed by RAN4 may include need for time-frequency tracking, channel estimation or AGC. In our view there should not be any need for time-frequency tracking, because the old and new BWP are transmitted from the same base station, and the UE can assume timing alignment between different BWPs. Same reasoning applies for AGC. 
Observation 2: Additional RRM delays may contain time-frequency tracking, channel estimation and AGC.
Proposal 3: No additional delay is expected for time-frequency tracking for BWP switching.
Proposal 4: No additional delay is expected for AGC during BWP switching.
However, RAN4 should discuss whether an additional delay for channel estimation is necessary when switching from one BWP to another. As listed in the WF and above under RF switching time, BWP switching may mean:
· Change of center frequency
· Change of bandwidth
· Change of numerology
· Any combination of these
Channel estimation may be needed for at least some of these cases, at least when the new BWP is not covered by the old BWP. RAN4 should discuss what kind of additional delay channel estimation could lead into.
Proposal 5: RAN4 shall discuss whether additional delay is needed due to channel estimation.
Any possible additional RRM delays on top of the delays discussed in this contribution shall also be identified by RAN4 when defining the total BWP switching time.
Interruptions
Interruptions as part of BWP switching were also discussed briefly during the last meeting. According to some arguments, when BWP of one cell is switched, this may cause a glitch on transmission on other cells on the active RF chain. 
When discussing interruptions, we want to clarify that “interruption” as defined in .133-specifications is caused only in case BWP switching includes activating/deactivating a second RF. If activating/deactivating a second RF is part of BWP switching, interruptions may need to be introduced. However, the interruption duration should be less than the total BWP switching time, as the interruption to other cells in the active RF chain would be only due to second RF activation/deactivation, which is only part of the total delay. RAN4 should first of all define if such interruptions are needed, and if so, define a suitable duration for the interruption.
Observation 3: Interruptions are only caused due to BWP switching if it includes activating/deactivating a second RF. The interruption duration in such case would be less than the total BWP switching time.
Proposal 6: RAN4 shall discuss whether interruptions during BWP switching are needed.
[bookmark: _GoBack]Another issue is then the transmission glitch caused to the cell where BWP is switched. The duration of this glitch is the total BWP switching time. There should be high motivation for defining the total BWP switching time as short as possible to guarantee the usefulness of the feature. If BWP switching time is long and happens frequently, the whole feature may not be very useful if it causes too many and too long transmission glitches.
3	Conclusion
In this contribution, we have discussed active BWP switching delay. We have made the following observations and proposals: 

Proposal 1: The BWP switching time can be seen as:
1) DCI command based BWP switching: Time from receiving the DCI command to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP
2) Timer expiration based BWP switching: Time from the timer expiration to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP

Observation 1: BWP switching delay consists of DCI decoding latency, RF switching time, and RRM latency.
Proposal 2: Value for DCI decoding latency as part of BWP switching delay shall be defined.
Observation 2: Additional RRM delays may contain time-frequency tracking, channel estimation and AGC.
Proposal 3: No additional delay is expected for time-frequency tracking for BWP switching.
Proposal 4: No additional delay is expected for AGC during BWP switching.
Proposal 5: RAN4 shall discuss whether additional delay is needed due to channel estimation.
Observation 3: Interruptions are only caused due to BWP switching if it includes activating/deactivating a second RF. The interruption duration to other cells in this case would be less than the total BWP switching time.
Proposal 6: RAN4 shall discuss whether interruptions during BWP switching are needed.
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