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1. Introduction

BWP switching was widely discussed in last RAN4 #86bis. The latest agreement and open issues are captured in the approved WF in [1]. In this contribution, we further discuss the RRM impact of BWP switching based on [1]. After the discussion, some proposals are provided.
2. Discussion

It was agreed in [1] that BWP switching on a NR serving carrier (carrier1) will cause interruption in at least serving carrier1. However, it is FFS whether there is interruption on other serving carrier(s). It is quite straightforward that requirements for interruption/delay due to BWP switching operation will be captured in RRM specification.
BWP switching delay requirement is used to provide guidance to network for serving cell (on which UE is doing BWP switching) scheduling when BWP switching occurs, while interruption requirement is used to guarantee that UE will not lose too much traffic on other victim serving cells.

Proposal 1: RAN4 is to define BWP switching delay requirement for the cell on which UE is doing BWP switching.

Proposal 2: RAN4 is to define interruption requirements on other victim serving cells (if any) for BWP switching.

It was first agreed in RF session on BWP switching delay for the following four BWP reconfiguration scenarios [2]:
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.
Figure 1 below illustrates the scenarios with a number of examples.
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Figure 1: Illustration of BWP reconfiguration scenarios
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.
Actually the switching delay in Table 1 also includes timeline for AGC settling on the new BWP [3, 4]. Thus we believe UE can start PDSCH reception or PUSCH transmission immediately after the time duration of above delay, without any additional time result from channel estimation or measurement. 
Proposal 3: BWP switching delay is defined as the time duration from

· the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI (for DCI-based BWP switching), or

· the beginning of the subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires (for timer-based BWP switching)

until the beginning of the slot on which UE is ready to receive PDSCH or transmit PUSCH

Therefore, in RRM specification corresponding BWP switching delay requirement can be derived from Table 1, by translating the delay into slot level. Although it was mentioned in [1] that RAN4 should investigate suitable interruption duration (in number of symbols or slots) on NR serving cell(s) due to BWP switching, we prefer to define the delay/interruption duration in number of slots to align with interruption requirement in other sections, e.g. SCell activation/deactivation.
Proposal 4: BWP switching delay D1, D2, D3 and D4 can be defined as:
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	NR SCS (kHz)
	BWP switching delay (slots)

	
	
	D1

Scenario 1
	D2

Scenario 2
	D3

Scenario 3
	D4

Scenario 4

	
	
	Type 1
	Type 2
	Type 1
	Type 2
	Type 1
	Type 2
	Type 1
	Type 2

	0
	15
	1
	2
	1
	2
	1
	2
	1
	1

	1
	30
	2
	4
	2
	4
	2
	4
	1
	2

	2
	60
	3
	8
	3
	8
	3
	8
	2
	4

	3
	120
	5
	16
	5
	16
	5
	16
	4
	8


Besides BWP switching delay, RAN4 also agreed to investigate whether BWP switching for the four 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.
In our understanding, at least for an intra-band contiguous serving cell, there should be interruption allowed since in some UE implementations, a single RF chain can be used to cover this type of CA operation. It is quite straightforward that the interruption length in this case can be equal to BWP switching delay in proposal 4.
Proposal 5: interruption due to BWP switching shall be allowed at least for other intra-band contiguous serving cell(s). Corresponding interruption length for a victim intra-band contiguous serving cell shall be equal to the BWP switching delay in proposal 4.
Note that in proposal 4, the delay is expressed in terms of numbers of slots, of which the length is determined by the numerology being used. If BWP switching results in change of the SCS from old SCS (SCS1) to a new SCS (SCS2), it will be vague to define delay/interruption length in terms of numbers of slot without any clarification. Technically, we see no significant for to define the interruption/delay based on either SCS1 or SCS2. However, the decision has to be made. Defining requirement based on SCS1 is slightly preferred since we may also need to define interruption requirement of other serving cell(s) and for other serving cell the SCS is not changed. So defining requirement based on its own SCS (before BWP switching occurs) seems more straightforward.

Observation 1: technically, it seems to be no significant difference to define the interruption/delay based on either SCS1 or SCS2. Defining requirement based on SCS1 is slightly preferred.
Another issue is RAN4 agreed to 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).
To our understanding, at least for L1 parameters K0, K1 and K2 change, there should not be interruption occurs. From scheduling perspective, network can avoid scheduling colliding on PDSCH and PUSCH since the scheduled resource is per DCI resource indicated. From UE perspective, SW change (including baseband parameters) does not necessarily result in interruption. For instance, sTTI capable UE which support multiple length of processing time is not allowed to cause any interruption when the processing time is changed by RRC.
Observation 2: sTTI capable UE which support multiple HARQ processing times is not allowed to cause interruption when the HARQ processing time is changed.
As for NR, such parameters can be changed via RRC reconfiguration. Thus we believe there should not be any interruption as well if it is changed by RRC.
Proposal 6: baseband parameters change without BWP switch need no interruptions.
Alternatively, these parameters can also be changed via BWP switching, i.e. network can configures two BWP with the same LO, RF BW and SCS but with different baseband parameters like K0, K1 and K2, and then change these parameters by changing the active BWP for the UE. Technically, from UE implementation perspective, we see no big difference from RRC reconfiguration for this change. If there is no interruption allowed for baseband parameters change without BWP switch, there shall not be interruption allowed for baseband parameters change with BWP switch as well.
Proposal 7: If there is no interruption allowed for baseband parameters change without BWP switch, there shall not be interruption allowed for baseband parameters change with BWP switch.
3. Conclusion
In this contribution we further discuss the RRM impact from BWP switching based on the approved WF in RAN4 #86bis. After discussion the following conclusions are provided:
Proposal 1: RAN4 is to define BWP switching delay requirement for the cell on which UE is doing BWP switching.
Proposal 2: RAN4 is to define interruption requirements on other victim serving cells (if any) for BWP switching.
Proposal 3: BWP switching delay is defined as the time duration from
· the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI (for DCI-based BWP switching), or

· the beginning of the subframe (FR1) or half-subframe (FR2) immediately after a BWP timer expires (for timer-based BWP switching)

until the beginning of the slot on which UE is ready to receive PDSCH or transmit PUSCH.

Proposal 4: BWP switching delay D1, D2, D3 and D4 can be defined as:
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	0
	15
	1
	2
	1
	2
	1
	2
	1
	1

	1
	30
	2
	4
	2
	4
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	4
	1
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	2
	60
	3
	8
	3
	8
	3
	8
	2
	4
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	120
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	16
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	16
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	16
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Proposal 5: interruption due to BWP switching shall be allowed at least for other intra-band contiguous serving cell(s). Corresponding interruption length for a victim intra-band contiguous serving cell shall be equal to the BWP switching delay in proposal 4.
Observation 1: technically, it seems to be no significant difference to define the interruption/delay based on either SCS1 or SCS2. Defining requirement based on SCS1 is slightly preferred.
Observation 2: sTTI capable UE which support multiple HARQ processing times is not allowed to cause interruption when the HARQ processing time is changed.
Proposal 6: baseband parameters change without BWP switch need no interruptions.
Proposal 7: If there is no interruption allowed for baseband parameters change without BWP switch, there shall not be interruption allowed for baseband parameters change with BWP switch.
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