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Introduction
In RAN4 #86bits meeting one WF was approved by RAN4 [1] for BMP switching. The text in the liaison was duplicated as below,
	Agreements
· BWP switching on a NR serving carrier (carrier1) will cause interruption in at least serving carrier1.  
· If it is identified that BWP switching in NR serving carrier(s) will cause interruption on LTE serving carrier(s) in EN-DC then the interruption on LTE serving carrier(s) shall be specified in terms of subframes.

Issues for Investigation
· Investigate whether or not BWP switching for the 4 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.
· Investigate suitable interruption duration (in number of symbols or slots) on NR serving cell(s) due to BWP switching.
· Investigate for scenario where BWP switching results in change of the SCS from old SCS (SCS1) to a new SCS (SCS2), whether the time unit (number of symbols or slots) to express interruption time is based on SCS1 or SCS2.
· Investigate whether there is any problem for the UE to transmit and/or receive signals in one or more time resources (symbols or slots) occurring immediately after the interruption time due to BWP switching e.g.
· any impact on channel estimation,
· any possible impact on measurements,
· analysis to identify other possible impacts is not precluded.
· 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). 



In this contribution we provide further discussion on the requirements for BWP switching.
Discussion on BWP switching delay requirement
As approved in the LS[2], RAN4 has discussed a number of aspects associated with BWP reconfiguration scenarios and the associated switching delays, which are listed as below,
· 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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[bookmark: _Ref503643701]Figure 1: Illustration of BWP reconfiguration scenarios

Obviously, there are multiple terminologies used in RAN4 and RAN1, which include BWP switching delay, transition time of BWP switching and interruption of BWP switching. Firstly, it is necessary to clarify the definitions of all these terms
1. Transition time of BWP switching (term used in RAN1): 
a. 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
b. 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.
c. Transition time should include the time used to decode DCI (in case of DCI based BWP switch), recalculate RF/baseband configuration (e.g. spur estimation, synthesizers reprogramming estimation and LOWIF calculation etc.) and the time UE physically reconfigure RF and basedband.
i. UE DL and UL operation should not be impacted during DCI decoding and RF/baseband configuration recalculation.
ii. No UE DL and UL operation is expected when UE physically reconfigure RF and baseband configuration. 
2. BWP switching delay: the duration of BWP switching delay is the maximum time it takes UE to physically reconfigure RF and baseband from existing BWP to new BWP. During BWP switching delay, UE is not expected to transmit and receive data.
a. BWP switching delay should be part of transition time of BWP switching.
b. BWP switching delay only concerns the corresponding CC where BWP switching occurs
3. Interruption of BWP switching: this is the maximum time duration during which UE reconfigures the RF e.g. PLL resettling and synthesizers reprogramming with optimized values for new channel and channel combination due to BWP switching.
a. Interruption should impact all active CC shared the same RFIC including both LTE and NR carriers. 
b. Since BWP switching delay include the delay due to both RF and baseband reconfiguration, it is generally assumed interruption duration should be less than BWP switching delay. However, the exact difference is implementation dependent. As a result, it should be OK to assume interruption duration is the same as BWP switching delay.
In figure 2, the above analysis is depicted


Figure 2: Illustration of the definitions of BWP switching transition time, delay and corresponding interruption delay

Observation 1: Transition time of BWP switching should include the time used to decode DCI (in case of DCI based BWP switch), recalculate RF/baseband configuration (e.g. spur estimation, synthesizers reprogramming estimation and LOWIF calculation etc.) and the time UE physically reconfigure RF and baseband.
i. UE DL and UL operation should not be impacted during DCI decoding and preparation for RF/baseband configuration.
ii. No UE DL and UL operation is expected when UE physically reconfigure RF and baseband configuration. 
Observation 2: BWP switching delay and interruption duration only include the time it takes UE to reconfigure RF/baseband.
Consequently, it is proposed

Proposal 1: the maximum allowed transition time of BWP switching, starting from the end of slot which carriers BWP switching DCI, should be [4] ms. 

Proposal 2: Depending on the UE type and scenarios, BWP switching delay agreements can be reused to derive interruption delay.

Proposal 3:  Only interruption due to BWP switching is defined in TS36.133 and TS38.133. No BWP switching delay requirements are specified.  

Proposal 4: Interruption due to BWP switching should not occur beyond the window of [4]ms after the end of the slot which carriers BWP switching DCI
 
Discussion on BWP switching delay requirement
BWP switching time with fine regularity in terms of symbols is beneficial when PDSCH mapping type B is employed, where non-slot based scheduling for PDSCH with 2, 4 or 7 symbols. However, it is more suitable for the interruption duration to be in the unit of slot. The reasons are listed as follows,
1. Since RAN1 has the conclusion that the ending point of switching delay shall be the slot boundary, and the starting point is from the DCI, therefore if DCI is on slot N the delay can be reflected as N+K, which comply with the slot based end boundary.   
2. Slot level interruption will not be impacted by the number of long CP symbol and normal CP symbols. The symbol lengths with long CP and normal CP are list in Table 1 and it is shown that symbol length can be different according to different CP length.
3. For PSDCH mapping type A (“slot-based” scheduling), DMRS are fixed to 3rd or 4th symbol of the slot. Even though PDSCH can be available to receive on a symbol level, which can be scheduled in symbol level, the DMRS can be occur on symbols before PDSCH. Thus, it is more desirable to use slot level BWP switching delay.
4. 
The symbol length and CP length is specified in TS38.211, which is duplicated as below,

 
In order to show the symbol and CP length in the order of “us”, the following table is provided,
 Table 1: Symbol and CP length for NR
	SCS
	OFDM symbol length
	CP length (l=0 or l=7*2^(u))
	CP length (l≠0 or l≠7*2^(u))
	Total OTA symbol length (l=0 or l=7*2^(u))
	Total OTA symbol length (l≠0 or l≠7*2^(u))

	15kHz
	66.7us
	5.2us
	4.7us
	71.9us
	71.4us

	30kHz
	33.3us
	2.9us
	2.4us
	36.2us
	35.7us

	60kHz (normal CP)
	16.7us
	1.7us
	1.2us
	18.4us
	17.9us

	60kHz (extended CP)
	16.7us
	4.2us
	4.2us
	20.9us
	20.9us

	120kHz
	8.3us
	1.1us
	0.6us
	9.4us
	8.9us


   
Thus, we propose that,
Proposal 5: The BWP switching time delay requirement shall be designed in number of slots instead of symbols.
With the time unit of slots, the interruption time due to BWP switch shall not occupy any symbol for DMRS no matter for PDSCH mapping type A or PDSCH mapping type B. Thus, BWP switch interruption has no impact on the channel estimation. However, the interruption due to BWP switching does have impact on measurements. Since the SSB for measurement occurs every SMTC period, the BWP switching interruption time could potentially collide with the SSB, which could lead UE misses the SSB for measurements. As a result, UE shall need longer time to accomplish measurements.  
Observation 3: When BWP switching delay is expressed in the unit of slot, the BWP switch delay will not have impact on channel estimation. 
Observation 4: When BWP switching delay is expressed in the unit of slot, the BWP switch delay may have impact on measurement and results in a longer time for measurement. 


Figure 2: BWP switch from 30 kHz SCS to 15 kHz SCS

Another issue is the case when BWP switch results in a change from SCS1 to SCS2, which time units of SCS1 and SCS2 should BWP switch delay be expressed with? As it is shown in Figure 2, BWP switches from 30kHz SCS to 15 kHz SCS. It can be seen that BWP switching delay is 1ms for 30 kHz SCS but 2ms for 15 kHz SCS. Thus for this case, the BWP switching delay should be expressed with 0.5ms slot for 30 kHz SCS, otherwise, there will be one 0.5ms slot wasted, which can be scheduled by gNB for data transmission.
Proposal 6: If the BWP switch results in the change of the SCS from SCS1 to SCS2, the BWP switching delay should be expressed in the time unit of slots corresponding to the largest SCS between SCS1 and SCS2.
Interruption due to BWP switching 
For EN-DC or NR CA, the possible interruption for BWP switching could further be specified into the following cases:
1) Whether BWP switching in FR2 NR cell causes interruption to LTE cell
2) Whether BWP switching in FR1 NR inter-band cell causes interruption to LTE cell
3) Whether BWP switching in FR1 NR intra-band cell causes interruption to LTE cell
4) Whether BWP switching on FR1 NR CC causes interruption to FR2 NR carrier
5) Whether BWP switching on FR1 NR CC causes interruption to FR1 NR inter-band carrier
6) Whether BWP switching on FR1 NR CC causes interruption to FR1 NR intra-band carrier 
7) Whether BWP switching on FR2 NR CC causes interruption to FR1 NR carrier
8) Whether BWP switching on FR2 NR CC causes interruption to FR2 NR inter-band carrier
9) Whether BWP switching on FR2 NR CC causes interruption to FR2 NR intra-band carrier 
For intra-band case, i.e.,  case 3), case 6), case 9), When BWP switches on one NR cell in scenario 1-3, will cause interruption to other serving cell (either LTE cell or NR cell) due to RF tuning/re-tuning.  For the inter-band cases within FR1/FR2, i.e., case 1, case 2, case 5, and case 8, BWP switching for reconfiguration scenarios 1-3 will also cause interruptions due to the fact that UE vendors might be employing cross-carrier crosstalk mitigation measures, which requires reconfiguration when BWP is changed. For BWP switching for reconfiguration scenario 4 where only SCS changes, there could be a remapping of base-band resources, which will also cause interruptions. As a summary, for case 4 and case 7, BWP switching in one FR will not cause interruptions to other FR; for other cases BWP switching in scenario 1-3 will cause interruptions. The results for interruption due to BWP switching is summarized in the Table 3 in below.
Table 3: Interruptions due to BWP switching 
	Index
	BWP switching interruption in EN-DC or NR CA
	Interruption

	1
	FR1 to LTE inter-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	2
	FR1 to LTE intra-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	3
	FR1 to FR1 inter-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	4
	FR1 to FR1 intra-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	5
	FR1 to FR2 
	No
	Scenario 1/2/3

	
	
	No
	Scenario 4

	6
	FR2 to FR2 inter-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	7
	FR2 to FR2 intra-band
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4

	8
	FR2 to FR1
	No
	Scenario 1/2/3

	
	
	No
	Scenario 4

	9
	FR2 to LTE
	Yes
	Scenario 1/2/3

	
	
	No
	Scenario 4



The BWP switching could be only caused baseband parameter(s) changing for BWP configuration, without changing LO, RF BW or SCS. According to TS 38.213, the BWP configuration parameters are listed as follows:
	· a subcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;
· a cyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;
· a PRB offset with respect to the PRB determined by higher layer parameters offset-pointA-low-scs and ref-scs and a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW; 
· an index in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-index;
· DCI format 1_0 or DCI format 1_1 detection to a PDSCH reception timing values by higher layer parameter DL-data-time-domain, PDSCH reception to a HARQ-ACK transmission timing values by higher layer parameter DL-data-DL-acknowledgement, and DCI format 0_0 or DCI format 0_1 detection to a PUSCH transmission timing values by higher layer parameter UL-data-time-


Thus the baseband parameters other than SCS related to BWP configuration are CP, BWP index and DCI format. These parameters for baseband processing are independent of BWP switching, therefore they will not cause interruptions.
Proposal 7: BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will not cause any interruption to other serving cells, which is similar to BWP switching in scenario 4.  
Proposal 8: 
BWP switching on one NR cell in FR1 for the BWP reconfiguration scenarios 1-3 
· will cause interruptions to other serving LTE cells and NR cells in FR1. 
· will not cause interruptions to other serving NR cells in FR2. . 
BWP switching on one NR cell in FR2 for the BWP reconfiguration scenarios 1-3 
· will cause interruptions to other serving NR cells in FR2. 
· will not cause interruptions to other serving NR cells in FR1 and LTE cells. 
BWP switching on one NR cell for the BWP reconfiguration scenarios 4 will not cause interruptions to other serving LTE or NR cells.
Conclusion
In this contribution, we firstly clarify the definition and relationship between BWP switching transition time, delay and corresponding interruption. 

Observation 1: Transition time of BWP switching should include the time used to decode DCI (in case of DCI based BWP switch), recalculate RF/baseband configuration (e.g. spur estimation, synthesizers reprogramming estimation and LOWIF calculation etc.) and the time UE physically reconfigure RF and baseband.
i. UE DL and UL operation should not be impacted during DCI decoding and preparation for RF/baseband configuration.
ii. No UE DL and UL operation is expected when UE physically reconfigure RF and baseband configuration. 
Observation 2: BWP switching delay and interruption duration only include the time it takes UE to reconfigure RF/baseband.
Consequently, it is proposed

Proposal 1: the maximum allowed transition time of BWP switching, starting from the end of slot which carriers BWP switching DCI, should be [4] ms. 

Proposal 2: Depending on the UE type and scenarios, BWP switching delay agreements can be reused to derive interruption delay.

Proposal 3:  Only interruption due to BWP switching is defined in TS36.133 and TS38.133. No BWP switching delay requirements are specified.  

Proposal 4: Interruption due to BWP switching should not occur beyond the window of [4]ms after the end of the slot which carriers BWP switching DCI
Furthermore, we also discuss the requirement for BWP switching delay for different SCS cases.
[bookmark: _GoBack]Proposal 5: The BWP switching time delay requirement shall be designed in number of slots instead of symbols.
Observation 3: When BWP switching delay is expressed in the unit of slot, the BWP switch delay will not have impact on channel estimation. 
Observation 4: When BWP switching delay is expressed in the unit of slot, the BWP switch delay may have impact on measurement and results in a longer time for measurement. 
Proposal 6: If the BWP switch results in the change of the SCS from SCS1 to SCS2, the BWP switching delay should be expressed in the time unit of slots corresponding to the largest SCS between SCS1 and SCS2.
Proposal 7: BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will not cause any interruption to other serving cells, which is similar to BWP switching in scenario 4.  
Proposal 8: 
BWP switching on one NR cell in FR1 for the BWP reconfiguration scenarios 1-3 
· will cause interruptions to other serving LTE cells and NR cells in FR1. 
· will not cause interruptions to other serving NR cells in FR2. 
BWP switching on one NR cell in FR2 for the BWP reconfiguration scenarios 1-3 
· will cause interruptions to other serving NR cells in FR2. 
· will not cause interruptions to other serving NR cells in FR1 and LTE cells. 
BWP switching on one NR cell for the BWP reconfiguration scenarios 4 will not cause interruptions to other serving LTE or NR cells.
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