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Delay and interruption requirements for switching between dormant and non-dormant BWPs were discussed at RAN4#95e, with focus on firstly agreeing on requirements for switching of a single SCell. There were a few issues that remained for further discussion, and which were captured in a Way Forward document [1].
[bookmark: _GoBack]At RAN#88e, and exception sheet [3] was approved were RAN4 is given one more meeting cycle to complete the requirements associated with SCell dormancy, including those for switching of multiple SCells.· RAN4
[…]
· SCell dormancy:
· Baseline switching delay requirements when switch is triggered after first 3 OFDM symbols in a slot
· Whether to define optimized dormancy switch delay requirement w.r.t. to certain parameter change
· Switching interruption requirements compared to Rel-15 BWP switch interruption
· Switching delay and interruption requirements for switching triggered outside DRX active time
· Switching delay and interruption requirements for switching of multiple SCells
· Interruption requirements for CSI and RRM measurements on dormant SCell(s)



Following RAN4#95e, an LS [4] was received where RAN1 is requesting RAN4 to provide information on the development of RRM requirements for SCell dormancy switching.
In this contribution we are following up on the open issues from RAN4#95e, as captured in the WF [1] and in the exception sheet [3]. Additionally, we are outlining a response to the LS [4] from RAN1.
Discussion
Dormancy Switching Delay for single SCell
As captured in the WF [1], the following issues remain to be settled for SCell dormancy switching of single SCell.
· Switching delay for transition between dormancy and non-dormancy during DRX active time, general case w.r.t. parameter change
As captured in the WF [1], issue 2-1-3, it was agreed that delay requirements for transition between dormancy and non-dormancy during DRX active time shall be the same regardless of direction.
Moreover it was agreed for issue 2-1-1 that conditioned on that DCI is received within the first 3 OFDM symbols, switching delay for transition between dormancy and non-dormancy during DRX active time shall follow the Rel-15 Active BWP switching delay in Table 8.6.2.-1.
Furthermore the following was agreed for issue 2-1-1, where “switching delay for transition from non-dormancy to dormancy” shall read “switching delay for transition between non-dormancy to dormancy” as a consequence of agreement 2-1-3, and where two details are to be settled:
 
* * *
For DCI-based triggering with DCI received in any of the first X OFDM symbols of a slot, and for timer-based triggering, the switching delay for transition from non-dormancy to dormancy is given by Table 8.6.2-1.
For DCI-based triggering with DCI received after the first X OFDM symbols of a slot, if applicable, the switching delay for transition from non-dormancy to dormancy is given by Table 8.6.2-1 plus Z additional slot(s).
For value of X:
· Option 1a: X = 3 symbols
· Option 1b: X = 7 symbols
For value of Z:
· Option 2a: Z = 1 slot in numerology for the spCell in which the triggering DCI was received
· Option 2b: Z = 1 slot in the numerology for the SCell for which the transition is triggered 
In case SCS differs between spCell and SCell, the switching delay, except for Z slot(s), associated with the smaller SCS applies
* * *
In the discussions at RAN4#95e it became clear that there were different views on whether X and Z are to be specified with respect to the numerology of the spCell in which triggering (DCI decoding) takes place, or whether it would be with respect to the SCell for which the triggered transition between dormancy and non-dormancy is to be carried out. In our view, the numerology for X and Z shall be with respect to the spCell. Hence if DCI is received after X OFDM symbols in the spCell, the activation time shall be extended by Z=1 slot in the spCell numerology. The justification is that a delayed reception of DCI in spCell will impact the time by which DCI is decoded and a potential dormancy indication is detected, and the impact will be in a granularity associated with the spCell numerology.
For the value of X, we think the same condition as for BWP switching between non-dormant BWPs can be re-used, i.e., whether to allow additional time shall be conditioned on whether DCI is received within, or after, the initial 3 OFDM symbols of the spCell.
To summarize, we therefore propose the following regarding X and Z:
Proposal 1: 	Numerology for X and Z shall follow the spCell in which dormancy indication is received. The value of X shall be 3 OFDM symbols as in the BWP switching baseline. This corresponds to 2-1-1 Option 1a and Option 2a, respectively, in the WF. 

In case the spCell would have a larger SCS than the smallest SCS of spCell and SCell, there may be some cases where the extended activation time due to late triggering after X OFDM symbols would not be visible. This happens for instance when spCell is using numerology µ=2 and SCell is using numerology µ=0, and the UE has reported Type 1 capability (see table below for BWP switch delay). Hence the extension of the switching delay due to late triggering would be conditioned on the numerology of the spCell and the lowest numerology of spCell and SCell(s). Table 1 below shows an example for Type 1 UE. 




Table 8.6.2-1: BWP switch delay
	[image: ]
	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
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Table 1: Delay increase in number of slots for lowest SCS of SCell(s) 
and spCell due to triggering after first X OFDM symbols (Type 1)
	
	Minimum over 
{SCells, spCell}

	spCell
	µ
	0
	1
	2
	3

	
	0
	1
	---
	---
	---

	
	1
	1
	1
	---
	---

	
	2
	0
	0
	1
	---

	
	3
	0
	0
	1
	1


 
We make the following proposal which may be further discussed and modified during the meeting as it to some extent is dependent on progress of the BWP switching topic within the RRM enhancement WI.
Proposal 2: 	The switching delay shall take into account the smallest numerology of spCell (where triggering is carried out) and SCell(s) for which switching is triggered. Extension of switching delay due to late triggering after the first X OFDM symbols is to be conditioned on: numerology of the spCell, smallest numerology of spCell and SCell(s), and the reported UE capability with respect to BWP switching (Type 1, Type 2). 

· Switching delay for transition between dormancy and non-dormancy during DRX active time, optimized w.r.t. parameter change
As captured in the WF, issue 2-1-2, there has also been a discussion on whether there shall be special delay requirements when only certain parameter values change between dormant and non-dormant BWP. This discussion is yet to be settled.
* * *
For further discussion:
· Option 1: Only introduce generic requirements. Optimizations can be introduced as future enhancements.
· Option 2: Rel-15 Type-1 BWP switch delay apply for dormancy switch if only parameters for PDCCH monitoring and CSI-RS reporting differ between regular BWP and dormant BWP.                      
* * *
As this is the first release with SCell dormancy we think it is better to focus on a generic requirement scope, and then in later releases, we can introduce optimizations with respect to which parameter values are changed between dormant and non-dormant BWPs. We hence propose to only introduce generic requirements in the Rel-16 scope. 
Proposal 3: 	Introduce generic switching delay requirements in Rel-16. Optimizations with respect to which parameter values change between dormant and non-dormant BWPs can be considered for future releases. This corresponds to 2-1-2 Option 1 in the WF.

· Interruption at transition between dormancy and non-dormancy during DRX active time
As captured in the WF, issue 2-1-5, interruptions on other serving cells at transition between dormancy and non-dormancy during DRX active time were discussed during RAN4#95e, with some issues still remaining to be solved:
* * *
For further discussion:
· Option 1: Rel-15 BWP switch interruption requirements apply for dormancy switch triggered within DRX active time. Interruption additionally allowed for toggling RF on/off.
· Option 2: Interruption length as in Table 8.2.2.2.5-1 applies. The interruption time window is confined within the BWP switching delay for transition between dormancy and non-dormancy. If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range. If UE is not capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells. Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy. 
· Option 3: Follow normal BWP change interruption requirements, i.e., no interruption when neither of locationAndBandwidth, nrofSRS-Ports, maxMIMO-Layers, or SCS, changes.  
* * *
As a related CR was agreed at RAN4#95e, the following has been introduced in the 38.133 specification concerning interruptions in NR stand-alone (proposed corrections highlighted in purple): 
* * *
[bookmark: _Hlk47534601]8.2.2.2.12	Interruptions due to SCell dormancy
8.2.2.2.12.1	Interruptions due to SCell dormancy switch
When one SCell in MCG is switched from dormancy to non-dormancy or from non-dormancy to dormancy [7] when UE is in DRX active time,
-	the UE is allowed an interruption on any active serving cell in MCG as defined in clause 8.2.2.2.5, except that the interruption is allowed regardless of which parameters change between the dormant BWP and the non-dormant BWP
* * *
From the specification, it seems that we have already settled the issue by choosing Option 1. In the discussions, the main differences between Option 1 and Option 2 concerned the impact of SCS change on serving cell(s) in other frequency range for UE capable of  per-FR gap, and whether the interruption time window can be guaranteed to be confined within the BWP switching delay, given potentially different numerologies on spCell and SCell. We are fine with Option 1, and propose to remove this from the open issues as it is already in the specification.
· Switching delay between dormancy and non-dormancy outside DRX active time
Discussions on switching delay between dormancy and non-dormancy outside DRX active time ended up with three options for further discussion, as captured in the WF, issue 2-2-1:
* * *
For further discussion:
· Option 1: Same set of switch delay requirements shall apply for triggering outside active time (DCI 2_6) as for triggering inside active time (e.g. DCI 0_1).
· Option 2: BWP switch delay for scheduled and non-scheduled DCI dormancy switch delay would be covered by the DCI BWP switch delay requirement. WUS based dormancy BWP switch does not lead to visible switch delay provided the WUS is received early enough before On-duration.
· Option 3: RAN4 to further wait for RAN1 conclusion to see if visible delay and interruption requirements are needed.
* * *
Checking the email discussion summary [2], it seems that the intention with Option 2 is the same as with Option 1, then whether the delay would be observable or not depends on how far in advance relative to DRX On duration the WUS indication is received. We support Option 1.

Proposal 4: 	For triggering by DCI 2_6 outside DRX active time, the same switching delay requirements shall apply as for triggering by e.g. DCI 0_1 inside active time. Whether the switching delay is observable (and testable) depends on how far in advance to the On duration the WUS is received. This corresponds to 2-2-1 Option 1 in the WF. 

· Interruption at switching between dormancy and non-dormancy outside DRX active time
Discussions regarding interruption requirements for transitions between dormancy and non-dormancy outside DRX active time ended up with two options for further discussions, as capture in the WF, issue 2-2-2:
* * *
For further discussion:
· Option 1: Same interruption requirement apply for triggering outside as for inside active time.
· Option 2: RAN4 to wait for RAN1 conclusions before defining interruption requirements for dormancy switch triggered outside DRX active time.
* * *
Similar to the previous issue on switching delay between dormancy and non-dormancy outside DRX active time, the issue on interruption requirement very much seems to depend on whether the interruption, in the end, is observable. We do not see a contradiction in specifying a core requirement that states that the same interruption requirement shall apply regardless whether triggering is inside or outside DRX active time. Then test cases are only introduced for cases where the interruption is observable (e.g. potentially for some NR-DC configuration, or for triggering close to On duration).
Proposal 5: 	The same interruption requirements apply for triggering inside as for outside DRX active time. Whether the interruption is observable (and testable) depends on the scenario. This corresponds to 2-2-2 Option 1 in the WF.
· Interruptions for CSI and RRM measurements during dormancy
A captured in the WF, issue 2-4-2, discussions on interruptions due to RRM measurements and CSI measurements for a dormant SCell, ended up with two options:
* * *
For further discussion:
· Option 1: The legacy principle of LTE can be reused and total interruption requirements for CSI and RRM measurement during SCell dormancy shall not exceed a particular percentage value.
· Option 2: For Interruptions due to SSB-based measurements and CSI-RS reception,
· Interruptions are allowed with up to X% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1 if victim cells are not in the same band as the aggressor SCell. Each interruption shall not exceed requirement in Table 8.2.2.2.2-2 if victim cells is in the same band as the aggressor SCell.
· Interruptions are allowed with up to Y% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an CSI-RS OFDM symbol. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.
* * *
The difference here between Option 1 and Option 2 is mainly whether any interruption would be constrained to some interruption window that is well-known to the base station scheduler. When the locations of interruptions are unknown to the base station, there may be a loss of system performance as the base station may schedule the UE at a time when the reception is interrupted. Those resources could have been used for other UEs instead. To limit the impact on system performance, we would prefer Option 2, i.e. to specify where with respect to the targeted SSBs or CSI-RSs, interruptions for switching RF on and off can occur. This would allow the base station to avoid scheduling the UE in those windows, and thereby avoid loss of system performance, when possible. It would not force the base station to avoid scheduling the UE in the concerned windows, but the base station could decide whether to do so case-by-case or scenario-by-scenario e.g. based on end-user throughput request, the load situation, etc.  
Proposal 6: 	For interruption requirements for RRM and CSI measurements, Option 2 as captured in the WF shall be used.
· For RRM measurements, interruptions are allowed with up to X% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1 if victim cells are not in the same band as the aggressor SCell. Each interruption shall not exceed requirement in Table 8.2.2.2.2-2 if victim cells is in the same band as the aggressor SCell.
· For CSI measurements, interruptions are allowed with up to Y% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an CSI-RS OFDM symbol. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.

Dormancy Switching Delay for Multiple SCells
As captured in the WI exception sheet [3], requirements for switching of multiple SCells between dormancy and non-dormancy shall be defined within the Rel-16 scope.
We propose that similar to the case for the switching of a single SCell, delay requirements for switching of multiple SCells between dormancy and non-dormance shall, as much as possible, be based on corresponding requirements for switching of multiple SCells between non-dormant BWPs.
Moreover, we propose that interruption requirements for switching of multiple SCells between dormancy and non-dormancy are based on the corresponding interruption requirements for switching of multiple SCells between non-dormant BWPs.
Proposal 7:  Delay requirements for switching of multiple SCells between dormancy and non-dormancy shall be based on corresponding delay requirements for switching of multiple SCells between non-dormant BWPs. 

Proposal 8: 	Interruption requirements for switching of multiple SCells between dormancy and non-dormancy shall be based on corresponding interruption requirements for switching of multiple SCells between non-dormant BWPs.

Examples of how this can be introduced in the specification are shown below – see highlighted parts.

* * *
8.6.2A.1	Simultaneous DCI based BWP switch delay on multiple CCs
The delay requirements for simultaneous DCI based BWP switch on multiple CCs in this clause apply only if the timing difference among the first symbol of slot carrying DCI for all CCs is received within the MRTD for inter-band CA as defined in clause 7.6.4.
For DCI-based BWP switch on multiple CCs, after the UE receives BWP switching request, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWPs on the serving cells on which BWP switch on the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n, where slot n is slot which UE receives the earliest BWP switching request among CCs on which UE is performing simultaneous DCI-based BWP switching.
The UE is not required to transmit UL signals or receive DL signals until the first DL or UL slot occurs right after a time duration of TMultipleBWPswitchDelay which starts from the beginning of DL slot n except DCI triggering BWP switch on the cell where DCI-based BWP switch occurs. The UE is not required to follow the requirements defined in this clause when performing a DCI-based BWP switch between the BWPs in disjoint channel bandwidths or in partially overlapping channel bandwidths on any serving cell.
UE shall finish BWP switch within the time duration TMultipleBWPswitchDelay, which is defined as:
	TMultipleBWPswitchDelay = TBWPswitchDelay + N*(D -1)
Where:
-	TBWPswitchDelay is the BWP switching delay on single CC defined in Table 8.6.2-1 depending on UE capability bwp-SwitchingDelay [2]. If the BWP switch on multiple CCs results in the change of the SCS on any CC among involved CCs, TBWPswitchDelay should be based on the smallest SCS among all SCS values of all involved CCs.
-	D is the incremental delay for each additional CC involved in simultaneous BWP switch and depends on UE capability [13].
-	N is the number of CCs undergoing simultaneous BWP switch.
Provided the UE does not have the required TCI-state information to receive PDCCH and PDSCH in the new BWP, the UE shall use old TCI-states before the BWP switch until a new MAC CE updating the required TCI-state information for PDCCH and PDSCH is received after the BWP switch. 
If UE has the information on the required TCI-state information to receive PDCCH and PDSCH in the new BWP, 
-	UE shall be able to receive PDCCH and PDSCH with old TCI-states before the delay as specified in Clause 8.10 in the new BWP.
-	UE shall be able to receive PDCCH and PDSCH with new TCI-states after the delay as specified in Clause 8.10 in the new BWP.
If the BWP switch is triggered within DRX active time, and either of the source BWPs or target BWPs are dormant BWPs [TS 38.321, 7], UE shall be able to complete active BWP switching within
-	TMultipleBWPswitchDelay, provided that the BWP switching request is received in any of the first 3 OFDM symbols of a slot in the spCell where the DCI is received, or
-	TMultipleBWPswitchDelay + 1, provided that the BWP switching request is received after the first 3 OFDM symbols of a slot in the spCell where the DCI is received
* * *
8.2.2.2.12	Interruptions due to SCell dormancy
8.2.2.2.12.1	Interruptions due to SCell dormancy switch
When one SCell in MCG is switched from dormancy to non-dormancy or from non-dormancy to dormancy [7] when UE is in DRX active time,
-	the UE is allowed an interruption on any active serving cell in MCG as defined in clause 8.2.2.2.5, except that the interruption is allowed regardless of which parameters change between the dormant BWP and the non-dormant BWP
When multiple SCells in MCG are switched from dormancy to non-dormancy or vice versa when the UE is in DRX active time, the interruption requirement described above applies for each BWP switch.
* * *
Incoming LS from RAN1
A LS [4] has been received where RAN1 is requesting RAN4 to provide information related to development of RRM requirement for switching between dormant and non-dormant BWPs.
The first request is as follows.
1. RAN1 requests RAN4 to inform RAN1 of the current RAN4 agreements/discussion (if any) for below cases including whether RAN4 is developing RF/RRM requirements for these cases
0. case when DCI with SCell dormancy indication is received on primary cell within first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell 
0. case when DCI with SCell dormancy indication is received on primary cell later than first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell.

According to our understanding we can confirm to RAN1 that we are developing requirements for both (1a) and (1b). Furthermore, for agreements, we can can mention to what extent we are relying on BWP switching requirement for switching between non-dormant BWPs, and e.g. point out differences between (1a) and (1b) such as the additional Z=1 slot discussed for late triggering. For documentation on discussions, we can point RAN1 at the chairman’s notes and the email summary.
The second request is as follows.
1. RAN1 requests RAN4 to inform RAN1 if there are any differences in RF/RRM requirements between case when DCI with SCell dormancy indication is received with DCI format 2_6 and case when DCI with SCell dormancy indication is received with DCI format 0_1/1_1. 

This relates to the outcome of WF [1] issue 2-2-1. As mentioned further above, after revisiting the email discussion summary [2] it seems that the intentions of Options 1 and 2 were the same, and both are implying that there is no difference between triggering by DCI 2_6 and triggering by DCI 0_1 or DCI 1_1. We can respond to this request once we have settled issue 2-2-1.

The third request is as follows.

1. RAN1 requests RAN4 to inform RAN1 of cases (if any) where the RF/RRM requirements for switching between dormant and non-dormant BWP are different from the requirements for switching between two non-dormant BWPs, and whether the requirements for either of these cases will be  different from Rel15 DCI based BWP switching.

This issue very much depends on the outome of the discussions during RAN4#96e. The intention at least for switching of single SCell is to use Rel-15 BWP switching as baseline (and Rel-15 requirements only cover a single cell). Then there may be differences compared to BWP switching between non-dormant BWPs since for switching between dormant and non-dormant BWPs the triggering is carried out in spCell, while the switching is carried out in SCell. Moreover late triggering (after OFDM symbol X) is supported for switching between dormant and non-dormant BWPs, but not between non-dormant BWPs. For switching of multiple SCells between dormant and non-dormant BWPs there will definitely be differences to Rel-15 BWP switching since the latter only support switching of a single cell. Similar to the other requests, we can respond to this request first after having settled on the open issues.
Summary and Conclusion
In this contribution we have made the following proposals:
Proposal 1: 	Numerology for X and Z shall follow the spCell in which dormancy indication is received. The value of X shall be 3 OFDM symbols as in the BWP switching baseline. This corresponds to 2-1-1 Option 1a and Option 2a, respectively, in the WF. 

Proposal 2: 	The switching delay shall take into account the smallest numerology of spCell (where triggering is carried out) and SCell(s) for which switching is triggered. Extension of switching delay due to late triggering after the first X OFDM symbols is to be conditioned on: numerology of the spCell, smallest numerology of spCell and SCell(s), and the reported UE capability with respect to BWP switching (Type 1, Type 2). 

Proposal 3: 	Introduce generic switching delay requirements in Rel-16. Optimizations with respect to which parameter values change between dormant and non-dormant BWPs can be considered for future releases. This corresponds to 2-1-2 Option 1 in the WF.
Proposal 4: 	For triggering by DCI 2_6 outside DRX active time, the same switching delay requirements shall apply as for triggering by e.g. DCI 0_1 inside active time. Whether the switching delay is observable (and testable) depends on how far in advance to the On duration the WUS is received. This corresponds to 2-2-1 Option 1 in the WF. 
Proposal 5: 	The same interruption requirements apply for triggering inside as for outside DRX active time. Whether the interruption is observable (and testable) depends on the scenario. This corresponds to 2-2-2 Option 1 in the WF.
Proposal 6: 	For interruption requirements for RRM and CSI measurements, Option 2 as captured in the WF shall be used.
· For RRM measurements, interruptions are allowed with up to X% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1 if victim cells are not in the same band as the aggressor SCell. Each interruption shall not exceed requirement in Table 8.2.2.2.2-2 if victim cells is in the same band as the aggressor SCell.
· For CSI measurements, interruptions are allowed with up to Y% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an CSI-RS OFDM symbol. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.
Proposal 7:  Delay requirements for switching of multiple SCells between dormancy and non-dormancy shall be based on corresponding delay requirements for switching of multiple SCells between non-dormant BWPs. 

Proposal 8: 	Interruption requirements for switching of multiple SCells between dormancy and non-dormancy shall be based on corresponding interruption requirements for switching of multiple SCells between non-dormant BWPs.

A CR draft covering extension of existing SCell dormancy switching requirements for single SCell to multiple SCells is provided in [5]. 
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