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1 Introduction

In RAN4, the BWP switch delay is defined, for which the UE shall complete the switch of active DL and/or UL BWP within the delay. In this paper, we discuss the possible impacts due to the BWP switch delay.
2 Discussion
2.1 BWP switch delay
In RAN4 (TS 38.133) and in the latest CR [1], the active BWP switching delay is defined. UE shall complete the switch of active DL and/or UL BWP within the delay. The delay for two types of BWP switching is defined, which is DCI-based BWP switching and RRC signalling based BWP switching, as shown in the following description from RAN4 specification:
	8.6.2
UE active BWP switch delay

For DCI-based BWP switch, after the UE receives BWP switching request at slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay.
For timer-based BWP switch, the UE shall start BWP switch at slot n, where n is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer bwp-InactivityTimer [2] expires on a serving cell, and the UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+ TBWPswitchDelay.

The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs.
Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.

· Table 8.6.2-1: BWP switch delay
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NR Slot length (ms)

BWP switch delay TBWPswitchDelay (slots)

Type 1Note 1

Type 2Note 1

0

1

[1]

[3]

1

0.5

[2]

[5]

2

0.25

[3]

[9]

3

0.125

[6]

[17]

Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.




Based on the latest CR in RAN4 [1], the BWP switch delay for each SCS is defined. Depending on the UE capability, the BWP switch delay is different. For example, when the SCS for the BWP is 15 KHz, the BWP switch delay could be up to 3 slots which is 3 ms.

Observation 1 RAN4 defines a BWP switch delay, which could be up to 3 ms. During the BWP switch delay, UE is not required to transmit UL signals or receive DL signals.

2.2 drx-InactivityTimer impacts due to BWP switching delay

For DRX operation, the BWP switch delay may have impact on the drx-InactivityTimer. More specifically, as an example shown below, when a PDCCH indicating BWP switching is received, the UE performs BWP switching and according to the drx-InactivityTimer behaviour, it should be started/restarted in the first symbol after the end of the PDCCH reception.
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However, several aspects need to be clarified:

· Firstly, RAN2 needs to clarify whether the first symbol refers to the symbol in the old BWP or new BWP since it’s not clear which BWP the UE stay during the BWP switch delay. Based on the discussion in last meeting, it’s clear that the timer starts in the first symbol after PDCCH reception no matter whether it’s in the BWP switch delay or not. 
· Secondly, according to RAN4, during the BWP switch delay, UE is not required to receive DL signals which in our understanding includes monitoring PDCCH. If drx-InactivityTimer starts/restarts immediately after reception of PDCCH indicating BWP switching, whether UE needs to monitor PDCCH during the switching delay or not?
Observation 2 It’s not clear whether UE needs to monitor PDCCH during the BWP switch delay.
· Thirdly, the drx-InactivityTimer value can be as low as 0ms, 1ms or 2ms. If drx-InactivityTimer starts/restarts immediately after reception of PDCCH indicating BWP switching, the drx-InactivityTimer may expire within the BWP switch delay depending on different BWP switching cases. Besides, since the gNB actually does not know the UE switching time, it will assume the worst case which is specified in RAN4. This means from UE perspective, it will not expect any scheduling during the BWP switch time. In such cases, drx-InactivityTimer running during the BWP switch delay does not make sense.

drx-InactivityTimer
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ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80, 












ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8, 












spare7, spare6, spare5, spare4, spare3, spare2, spare1},

Observation 3 UE does not expect any scheduling during BWP switch delay since the gNB is not aware of the actual BWP switching time, drx-InactivityTimer running during BWP switch delay is useless.

· Fourthly, network vendor may argue that this case can be handled by always configuring a large drx-InactivityTimer to cover possible BWP switch delay. However, this will cause the UE to monitor PDCCH longer when BWP is not switched.

Based on the observations, we propose:
Proposal 1 If the PDCCH indicates a new transmission (DL or UL) with BWP switching indication, start or restart drx-InactivityTimer in the first symbol after the BWP switch delay defined in TS 38.133;

Proposal 2 Adopt the CR in [2];

If the P1 and P2 are not agreed, the UE shall start drx-InactivityTimer in the first symbol after the end of PDCCH reception. It means that the drx-InactivityTimer will be overlapped or partially overlapped with the BWP switch delay. According to observation 2, RAN2 or RAN4 needs to confirm whether UE should monitor PDCCH during the overlapped duration.

Proposal 3 If P1 and P2 are not agreed, RAN2 to confirm during the BWP switch delay, even if the drx-InactivityTimer is running, the UE is not expected to monitor PDCCH.
2.3 bwp-InactivityTimer impacts due to BWP switching delay
Currently, BWP switch can be controlled/triggered by the PDCCH, RRC signalling or MAC entity itself when RACH is initiated. If BWP switch is triggered by either cases, it’s possible that the bwp-InactivityTimer is expired during the BWP switch delay. When such case happens, it may cause ambiguity issue to the UE which is analysed case by case in the following:
Case 1: DCI based BWP switch

Based on the current RRC specification, the bwp-InactivityTimer can be configured as short as 2ms:
bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,

                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,

                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,

                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R

The bwp-InactivityTimer is started/restarted if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP. If network configures 2ms bwp-InactivityTimer, the following case will happen:
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As shown in the figure, when a PDCCH indicating downlink assignment or uplink grant, and the PDCCH is received for BWP switching, the UE will switch to the indicated BWP. However, if the bwp-InactivityTimer is configured very short, e.g., 2ms, it may expire during the BWP switch delay. In such a case, it will cause ambiguity to the UE which BWP it should be switched to, i.e., the BWP indicated by PDCCH or the initial/default BWP due to bwp-InactivityTimer expires.

Observation 4 For DCI based BWP switch, if 2ms bwp-InactivityTimer is configured, the bwp-InactivityTimer may expires during the BWP switch delay. If this case happens, it causes ambiguity to the UE which BWP it should be switched to, i.e., the BWP indicated by PDCCH or the initial/default BWP due to bwp-InactivityTimer expiry.

Network vendor may argue that the case can be handled by network configuration, i.e., by not configuring such a short bwp-InactivityTimer. If this is the solution, the 2ms bwp-InactivityTimer is not allowed to be configured for a serving cell when DCI-based BWP switching is supported, however this should be clarified.
Observation 5 The 2ms bwp-InactivityTimer is not allowed to be configured for a serving cell when DCI-based BWP switching is supported, otherwise the ambiguity issue would happen.
Case 2: RRC based BWP switch

Besides, the BWP switch can also be indicated by RRC signalling as agreed by RAN2, which implies the following case may happen:
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As shown in the figure, when a PDCCH indicating downlink assignment is received, it triggers the start/restart the bwp-InactivityTimer. The RRC signalling indicating BWP switching is scheduled by the PDCCH, after the RRC processing delay, the UE performs the BWP switch. Then, the bwp-InactivityTimer may expire during the BWP switch delay even if the bwp-InactivityTimer is configured with relative large value. In such a case, it will cause ambiguity to the UE which BWP it should be switched, i.e., the BWP indicated by RRC or the initial/default BWP due to bwp-InactivityTimer expiry.
Observation 6 For RRC based BWP switching, the bwp-InactivityTimer may expire in the BWP switch delay which causes ambiguity to the UE.

For case 1 and case 2, there are in general two solutions:

· Solution1: relying on smart network configuration:

· For the DCI based BWP switching, the network is not expect to configure 2ms bwp-InactivityTimer ;

· For the RRC based BWP switching, the bwp-InactivityTimer is expected to be configured larger than RRC processing delay plus BWP switch delay.
· Solution2: defining a rule to handle the ambiguity case, e.g., the UE always follow the indication from DCI or RRC signalling if bwp-InactivityTimer expires in BWP switch delay.
Proposal 4 RAN2 to discuss the solutions based on CR [3] which contains both proposed solutions to handle the ambiguity issue if bwp-InactivityTimer expires in the BWP switch delay.

Case 3: BWP switch due to RACH initiation
Upon initiation of RACH procedure, the UE firstly perform possible BWP switch, e.g., switch DL BWP to the BWP with the same index as the UL BWP. Then, the bwp-InactivityTimer is stopped if it’s running, as bellow:
Upon initiation of the Random Access procedure on a Serving Cell, the MAC entity shall for this Serving Cell:

1>
if PRACH occasions are not configured for the active UL BWP:

2>
switch the active UL BWP to BWP indicated by initialUplinkBWP;

2>
if the Serving Cell is a SpCell:

3>
switch the active DL BWP to BWP indicated by initialDownlinkBWP.

1>
else:

2>
if the Serving Cell is a SpCell:

3>
if the active DL BWP does not have the same bwp-Id as the active UL BWP:

4>
switch the active DL BWP to the DL BWP with the same bwp-Id as the active UL BWP.
1>
stop the bwp-InactivityTimer associated with the active DL BWP of this Serving Cell, if running.

1>
if the Serving Cell is SCell:

2>
stop the bwp-InactivityTimer associated with the active DL BWP of SpCell, if running.
It can be understood that the yellow highlighted part is firstly executed then followed by the green highlighted part. If this is the understanding, the bwp-InactivityTimer will possibly expire in the BWP switch delay which is not controlled by the network since when to initiate RACH is transparent to the network.

Observation 7 For BWP switching due to RACH initiation, the bwp-InactivityTimer may expire in the BWP switch delay which can not be solved by the network.

For case 3, it should be clarified that the MAC entity will firstly stop the bwp-InactivityTimer then perform possible BWP switching upon initiation of the RACH procedure.
Proposal 5 For BWP switch due to RACH initiation, the MAC entity shall firstly stop the bwp-InactivityTimer then perform possible BWP switching [4].
It should be noted that in the current RAN4 discussion [1], the BWP switch delay is specified only for the case of DCI based BWP switching and timer based BWP switching. However, besides these cases, RAN2 has defined RRC based BWP switching and BWP switching due to RACH initiation. Thus, it would be good to ask RAN4 for clarification whether the specified BWP switch delay also applies to these two cases.
Proposal 6 Send an LS [5] to RAN4 to ask whether BWP switch delay also applies to RRC based BWP switching and BWP switching due to RACH initiation.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
RAN4 defines a BWP switch delay, which could be up to 3 ms. During the BWP switch delay, UE is not required to transmit UL signals or receive DL signals.
Observation 2
It’s not clear whether UE needs to monitor PDCCH during the BWP switch delay.
Observation 3
UE does not expect any scheduling during BWP switch delay since the gNB is not aware of the actual BWP switching time, drx-InactivityTimer running during BWP switch delay is useless.
Observation 4
For DCI based BWP switch, if 2ms bwp-InactivityTimer is configured, the bwp-InactivityTimer may expires during the BWP switch delay. If this case happens, it causes ambiguity to the UE which BWP it should be switched to, i.e., the BWP indicated by PDCCH or the initial/default BWP due to bwp-InactivityTimer expiry.
Observation 5
The 2ms bwp-InactivityTimer is not allowed to be configured for a serving cell when DCI-based BWP switching is supported, otherwise the ambiguity issue would happen.
Observation 6
For RRC based BWP switching, the bwp-InactivityTimer may expire in the BWP switch delay which causes ambiguity to the UE.
Observation 7
For BWP switching due to RACH initiation, the bwp-InactivityTimer may expire in the BWP switch delay which can not be solved by the network.
Proposal 1
If the PDCCH indicates a new transmission (DL or UL) with BWP switching indication, start or restart drx-InactivityTimer in the first symbol after the BWP switch delay defined in TS 38.133;
Proposal 2
Adopt the CR in [2];
Proposal 3
If P1 and P2 are not agreed, RAN2 to confirm during the BWP switch delay, even if the drx-InactivityTimer is running, the UE is not expected to monitor PDCCH.
Proposal 4
RAN2 to discuss the solutions based on CR [3] which contains both proposed solutions to handle the ambiguity issue if bwp-InactivityTimer expires in the BWP switch delay.
Proposal 5
For BWP switch due to RACH initiation, the MAC entity shall firstly stop the bwp-InactivityTimer then perform possible BWP switching [4].
Proposal 6
Send an LS [5] to RAN4 to ask whether BWP switch delay also applies to RRC based BWP switching and BWP switching due to RACH initiation.
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