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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 meeting, a WF [1] was agreed on requirements for BWP switching. The parts relevant to delay requirement are captured below:
	· In the RAN4# 88 meeting, companies are encouraged to check the agreements listed in background page and consolidate the common RAN4 understanding on following time units
· Transition time of BWP switch (In RAN1 agreement in Annex A)
· BWP switching delay (in RAN4 reply LS R4-1803283)
· Interruption duration due to BWP switching (in RAN4 WF 4-1805540)
and how the corresponding UE actions are concluded in above time unites, e.g.,
· DCI decoding
· RF/BB parameter calculating and loading
· Applying the new parameters 
· Depending on the conclusions, RAN4 identifies if any update of the RAN1/RAN4 agreement is needed
· Agreement during online session
· BWP switch delay requirement is specified in the unit of slot of the serving cell, if the requirement is defined
· The reference SCS when SCS changes from SCS1 to SCS2 is the lager SCS
· FFS whether to allow additional BWP switching delay for UE channel estimation
· Determine in the next meeting the BWP switching delay when only baseband parameters (including DL and UL) are involved
· Option 1: Same as the delay needed for the BWP switching with RF re-tuning
· Option 2: Same as the delay needed for the BWP switching with SCS change only


In this paper, we discuss how the open issues listed above. 
2	Discussion
Definitions 
In RAN1#92 meeting, the following agreements were achieved [2]. RAN1 considered the beginning and end of “transition time of BWP switch”, as defined in the following. 
	Agreements:
· 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


For DCI-based BWP switching, transition time begins right after the last OFDM symbol of PDCCH carrying BWP change request. This means the time needed for DCI decoding is already considered in RAN1. On the other hand, transition time end at the beginning of a slot for DL transmission and reception. This implies UE should finish all required operations during the duration of BWP transition time, e.g., the 3 phases provided in 錯誤! 找不到參照來源。.
[image: ]
Figure 1. Three phases for DCI-based BWP switching

[bookmark: _Ref517601063]Observation 1: According to RAN1’s definition of transition time of BWP switch, UE has to finish DCI decoding, 
RF/BB parameter calculating and loading and applying the new parameters in the duration of BWP transition time.

In RAN4#86 meeting, an LS [3] was agreed on 2 types of “BWP “switching delays” for 4 different scenarios in both FR1 and FR2, as shown in Table 1. For short, we omit the definitions of the 4 scenarios here.
	[bookmark: _Ref510033351]Table 1: BWP switching delay parameters
	Frequency Range
	Scenario
	Type 1
Delay (us)
	Type 2
Delay (us)
	Comment

	1
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective

	2
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective


Note: the numbers in the table are calculated from the end of the last symbol including the DCI indicating the BWP switch and until BB processing delay and RF transition time has been completed.



According to the note in [3], we can see that RAN4 has a similar understanding as RAN1 on 3 phases that need to be considered in BWP switching delay. In our understanding, the definitions of “transition time of BWP switch” used in RAN1 and “BWP “switching delays” used in RAN4 are roughly the same. Both are the overall time UE needs to finish BWP switching and start to transmit or receive at the new BWP. The only one difference between the definitions in RAN1 and RAN4 is on the issue of slot alignment. In RAN4 LS [3], the delay is given directly in us without considering the alignment to slot, while slot alignment was considered in RAN1 [2]. In our understanding, this difference has been resolved as RAN4 already agreed to specify the delay requirement in the unit of slot of the serving cell.
[bookmark: _Ref517601065]Observation 2: Since RAN4 already agreed to specify BWP delay requirement in the unit of slot of serving cell, the definitions of “transition time of BWP switch” used in RAN1 and “BWP “switching delays” used in RAN4 are equivalent.

Based on above understanding, we can check the agreed delay requirement in [3]. Actually, we found that the Type 1 delay requirement is not feasible. For the 1st phase, we assume 3 to 4 OFDM symbols are needed for PDCCH decoding and DCI parsing. In 15KHz SCS, the DCI decoding part already takes roughly 250us from UE. This means that there is only 350us left to UE to finish RF/BB parameter calculating and loading as well as applying the new parameters (e.g., FR re-tuning). In our understanding, 350us is even not enough for the 3rd phase, no mentioning the 2nd phase which needs the longest time among the 3 phases due to the large amount of possible changes in between 2 BWP configurations. 
[bookmark: _Ref517601066]Observation 3: Type 1 delay requirement is not feasible.
[bookmark: _Ref517601071]Proposal 1: RAN4 to consider revise the Type-1 delay requirements for BWP switching.

Since some modifications on the delay many be needed, below we provide a general framework on how to specify the requirement given a delay X us. The concept is illustrated in Figure 2. 
· DCI-based BWP switching: Since the requirement will be in the unit of slot, it makes sense to include the time occupied by PDCCH with BWP switching request in the overall delay. As we known, the max number of OFDM symbol for PDCCH is 3. Therefore, the final requirement (Y slots) can be calculated as

As a results, the requirement in spec would be like: After UE receives BWP switching request at slot n on a serving cell, UE should be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.

· Timer-based BWP switching: In general, no additional time is occupied by PDCCH. However, to keep the spec simple, we can re-use the requirement of DCI-based BWP switching. It seems that there is some unnecessary relaxation, but actually this does not bring degradation to the network. Note that timer is only expired when UE does not receive DL/UL grant for a long period of time. This means network does not have the intention to schedule UE right after BWP switching in this case. Therefore the extra small amount of delay is not critical. One different to DCI-based BWP switching is that UE actually detects timer expiry at slot N-1, start to switch its BWP at slot N. So the requirement in spec would be like: UE should be able to start BWP switch at slot n, which is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires on a serving cell and be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.

[image: ]
[bookmark: _Ref517556238]Figure 2. Framework of definition BWP switching delay requirement in RAN4 spec

[bookmark: _Ref517601078]Proposal 2: Given the BWP switching delay X us, the delay requirement in RAN4 spec is Y slots, where Y is calculated by  .
[bookmark: _Ref517601080]Proposal 3: For DCI-based active BWP switch, after UE receives BWP switching request at slot n on a serving cell, UE should be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.
[bookmark: _Ref517601082]Proposal 4: For timer-based BWP switching, UE should be able to start BWP switch at slot n, which is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires on a serving cell and be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.
3	BWP switching delay for UE channel estimation
Since BWP switching is always within the same carrier, UE can always assume the same timing and frequency offset before and after BWP switching. On the other hand, the DMRS for PDCCH and PDSCH can work without cross-slot processing. Therefore, in general UE should have no problem decoding the PDCCH and PDSCH right after BWP switching. 
However, network may not have the full information of the CSI (CQI/PMI/RI/…) reporting for the new BWP right after the end of BWP switching procedure. Therefore, it is not guaranteed that UE can achieve the same decoding performance if the PDCCH/PDSCH is scheduled based on the CSI reported in the previous BWP. 
[bookmark: _Ref517601083][bookmark: _Ref513559525]Proposal 5: No additional BWP switching delay for UE channel estimation
[bookmark: _Ref517601068]Observation 4: UE may not keep the same DL decoding performance right after BWP switching because of the mismatch in CSI (CQI/PMI/RI/…) reporting.
4	Scenarios for BWP switching involving baseband parameter changes only
In RAN#86 meeting, the BWP switching delays were agreed for the 4 scenarios and 2 UE types, as in Table 1. However, the detail BWP configurations was not clear in TS38.331 (version 15.0.0) at that time. Therefore, only the RF re-tuning and SCS changing were considered, when defining BWP switching delay requirements. 
After the release of version 15.1.0 of TS38.331, the detail BWP configurations become clear. It can be seen that the BWP configuration includes not only the RF parameters and SCS, but also a lots of baseband parameters for both UL and DL BWPs, e.g., RACH, PUSCH, PUCCH, SRS, beam failure recovery, PDCCH, PDSCH, SPS, RLM, … . Therefore, it would be necessary to clarify:
1) The delay of the 5th scenario: BWP switching involving only baseband parameter changes 
2) Whether the agreed 4 scenarios involves baseband parameter changes

There are many baseband parameters in a BWP configuration. Some may be critical to the BWP delay and the other may not. It is very difficult to study them one-by one on the impact to BWP switching delay and it is even more infeasible to study all possible combinations. To simplify the requirement, we think the delay requirement for scenario 1 can be directly re-used for the 5th scenario.
[bookmark: _Ref513557543]Proposal 6: Add a 5th scenario to the requirement of the BWP switching delay, which involves only baseband parameter changes. The values of delay is the same as scenario 1 for both Type A and Type B UE.

If above proposal is agreeable, then it is straightforwardly consider changes of baseband parameters also in scenario 1, 2 and 3. Therefore, the updated scenarios becomes
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 and baseband parameters.
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 and baseband parameters.
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 and baseband parameters.
Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency, and BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.

[bookmark: _Ref513557547]Proposal 7: Update the BWP configurations as follows:
Scenario 1: The reconfiguration involves changing the center frequency and baseband parameters 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 and baseband parameters of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing the BW, the center frequency and baseband parameters 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, BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.

5	Conclusions
In the contribution, we provide our view on the requirement of BWP switching delay and update scenarios due to the consideration of baseband parameter changes in the BWP configuration. We have the following proposals:
Observation 1: According to RAN1’s definition of transition time of BWP switch, UE has to finish DCI decoding,
Observation 2: Since RAN4 already agreed to specify BWP delay requirement in the unit of slot of serving cell, the definitions of “transition time of BWP switch” used in RAN1 and “BWP “switching delays” used in RAN4 are equivalent.
Observation 3: Type 1 delay requirement is not feasible.
Observation 4: UE may not keep the same DL decoding performance right after BWP switching because of the mismatch in CSI (CQI/PMI/RI/…) reporting.
Proposal 1: RAN4 to consider revise the Type-1 delay requirements for BWP switching.
Proposal 2: Given the BWP switching delay X us, the delay requirement in RAN4 spec is Y slots, where Y is calculated by  .
Proposal 3: For DCI-based active BWP switch, after UE receives BWP switching request at slot n on a serving cell, UE should be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y
[bookmark: _GoBack]Proposal 4: For timer-based BWP switching, UE should be able to start BWP switch at slot n, which is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires on a serving cell and be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the serving cell on which BWP switch occurs at slot n+Y.
Proposal 5: No additional BWP switching delay for UE channel estimation.
Proposal 6: Add a 5th scenario to the requirement of the BWP switching delay, which involves only baseband parameter changes. The values of delay is the same as scenario 1 for both Type A and Type B UE.
Proposal 7: Update the BWP configurations as follows: 
Scenario 1: The reconfiguration involves changing the center frequency and baseband parameters 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 and baseband parameters of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing the BW, the center frequency and baseband parameters 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, BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.
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