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1.	Introduction
We present our views in the following structure.
1) [bookmark: _GoBack]Optimization for BWP transition into/out of dormancy requirements w.r.t. parameter change
a. Whether it is essential or not
2) Requirements at BWP transition into/out of dormancy in a “Single SCell”
a. BWP switching delay
b. Interruption length
c. Requirements for inside active time vs. outside active time
3) Requirements at BWP transition into/out of dormancy in “Multiple SCells”
a. Requirement extension
b. Differences in comparison to deactivated SCell and simultaneous active BWP switching for multiple cells
4) Interruptions due to measurements during SCell dormancy
a. Interruption requirements depending on P-CSI report configuration
b. Differences in comparison to deactivated SCell
2. 	Discussion
Optimization for BWP transition into/out of dormancy requirements w.r.t. parameter change
There were proposals to enhance dormant BWP switching delay and interruption requirement for specific BWP configurations, e.g. BWP configurations between dormancy and non-dormancy are almost identical. However, considering that in dormant BWP context UE power saving is also an important aspect which can be achieved mostly by, e.g. adjusting and/or turning on/off RF components and/or parts of baseband processor, it is not desirable to further tighten BWP processing timeline requirements than the current ones. Besides, with the dormant BWP feature, as illustrated in R4-2002936, SCell activation latency can decrease by as much as 20~40msec in comparison to Rel.15 mechanism. Given that the current requirement on BWP switch latency is up to 3msec, a further optimization will likely to be a matter of 1-2ms enhancement at most, hence, is marginal.
[bookmark: _Hlk47564145]Proposal 1: RAN4 to only introduce generic requirements, and the further need for optimizations w.r.t. parameter change can be discussed in the future release, if needed

Requirements at BWP transition into/out of dormancy in a “Single SCell”
In RAN4#95e, it was agreed to define requirements for BWP switch delay at timer based dormant BWP switch. As indicated in Reply LS (R2-2006318) to RAN4 from RAN2, however, it was concluded in RAN2#110e that no timer-based transition is defined between non-dormant BWP and dormant BWP. Therefore, the agreement made in RAN4#95 meeting should be updated to not define timer-based dormant BWP transition requirements accordingly.
As presented in [R4-2007282] and mentioned in LS (R1-2005081) to RAN4 from RAN1, 
Regarding LS (R1-2005081) to RAN4 from RAN1, DCI with SCell dormancy indication on spCell can be located even after the first 3 OFDM symbols, while DCI triggering active BWP switching can be placed only within the first 3 OFDM symbols. Based on this observation, BWP switch delay for (non-)dormancy transition needs to be extended at least by one slot, which was agreed in RAN4#95e meeting with the following options.
· 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 

As for the value of X, we can refer to a similar discussion for Rel.16 cross-slot scheduling feature which was concluded to add 1 slot if DCI is received outside the first 3 OFDM symbols for the triggering carrier. In order to make requirements consistent with Rel.15 BWP switching latency and Rel.16 cross-slot scheduling, X should be 3. And considering the intent of adding one additional slot is to compensate for the loss of 3 OFDM symbol margin on the spCell, the additional slot should be based on the spCell’s numerology if SCS differs between spCell and SCell.
Proposal 2: From the agreement made in RAN4#95e for BWP transition into/out of dormancy in a single SCell, RAN4 to remove requirements pertaining to timer-based BWP switching and choose Option 1a (3 symbols) and 2b (7 symbols) for values of X and Z, respectively.

Upon BWP transition into/out of dormancy, there can be an interruption as it is allowed for active BWP switching except that interruptions need to be allowed regardless of which parameters differ between dormancy and non-dormancy because UE may have to retune RFE, re-program parts of processor, etc. for power saving. It should also be noted that BWP is used to realize dormant SCell while minimizing spec work, which means timeline requirement should be defined based on a principle used in defining requirements for LTE dormant SCell rather than a generic NR BWP switch context. In LTE dormant SCell requirements, interruption at dormant SCell activation/deactivation is always allowed.
Proposal 3: Upon BWP transition in a single SCell into/out of dormancy, RAN4 to define the interruption requirements as follows:
· 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 not capable of per-FR gap, or if the BWP switching involves SCS changing, UE is allowed to cause interruption of up to X slots to other active serving cells
· If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slots to other active serving cells in the same frequency range
· Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy

In RAN1#101e, the following WF was confirmed.
· The value of minimum time gap is decoupled with SCell dormancy indication
· Two values of minimum time gap in terms of slots per SCS are specified based on the assumption that PDCCH carrying DCI format 2_6 can be at any symbol of the slot indicated by monitoringSymbolsWithinSlot of SearchSpace IE as follows,  
	SCS (kHz)
	Minimum Time Gap TminimumTimeGap(slots)

	
	Value 1
	Value 2

	15
	1
	3

	30
	1
	6

	60
	1
	12

	120
	2
	24



As per the above agreement, RAN4 shall not impose additional restriction on WUS OFDM symbol/slot position. In order words, if RAN4 agrees to define WUS OFDM symbol/slot position in such a way that interruption/BWP switch latency should be absorbed into WUS gap, it won’t be consistent with RAN1 agreement. As shown in Fig.1, whether switching delay/interruption can be visible to network or not and how to deal with it should be up to UE capability w.r.t. BWP switch delay and WUS min Time gap, WUS configuration, and network scheduling.

[image: ]
Figure.1 An illustration of timeline from DCI 2-6 indicating wake-up and dormant BWP switching to the associated onDuration.

Proposal 4: For BWP transition in a single SCell into/out of dormancy triggered by DCI 2-6 outside active time, the same set of switch delay and interruption requirements shall be applied as for triggering inside active time.

Requirements at BWP transition into/out of dormancy in “Multiple SCells”
Similar to Multiple SCell (de)activation, DCI based dormant BWP switching for multiple SCells is supported. For the requirement of BWP transition into/out of dormancy over multiple SCells, DCI-based simultaneous BWP switching requirement can be served as baseline. However, there are two distinct differences that should be taken into account as below.
· OFDM symbol position for DCI triggering BWP switching
As opposed to DCI triggering active BWP switching, dormant BWP switching DCI can be placed in any OFDM symbol within a slot. In order to accommodate a reduced processing time margin compared to active BWP switching DCI, UE will be provided with one additional slot for dormant BWP switching in “Single SCell”. And the same will be applied to dormant BWP switching in “Multiple SCells”
· One DCI can trigger BWP switching for one cell vs. multiple cells
For an active BWP switching between non-dormant BWPs, one DCI can trigger BWP switching only for a single cell because it can be done via either a self-carrier or cross-carrier scheduling DCI. On the other hand, spCell can indicate BWP transition into/out of dormancy for multiple SCells via scheduling DCI 0-1/1-1, non-scheduling DCI 1-1, or WUS DCI 2-6. More specifically, for scheduling DCI 0-1/1-1 and WUS DCI 2-6, the number of SCell groups that can be indicated by respective DCI can be separately configured by higher-layer signalling, which can be up to 5 SCell groups. Whereas, non-scheduling DCI 1-1 has a dedicate bitmap to trigger dormant BWP switching for an individual SCell.
Based on the similarity between active and dormant BWP transitions, a dormant BWP switching requirement can be formulated as “the longest BWP switching latency for a single cell” plus “an incremental latency”. Primarily due to the fact that dormant BWP switching is indicated by one DCI, however, the incremental latency factor may not need to be directly and linearly proportional to the total number of cells. For example, in the best case in terms of latency, dormant BWP switching for multiple SCells can be carried out in parallel as soon as DCI is parsed and interpreted if the all CCs share the same RF component. On the contrary, in the worst case, when each CC is assigned to separate RF chain, BWP switching will be executed in sequential order, and thereby the total latency proportionally increases. As can be seen from the examples, how much incremental latency is required to deal with BWP switching for multiple cells indicated by one DCI is up to CC configuration, e.g. CCs associated with SCell groups are intra- vs. inter-band, and UE RF architecture, e.g. intra-band contiguous CCs share the same RF chain or not, which cannot be easily formulated and/or standardized. Therefore, as a compromise solution, we consider that the incremental latency is scaled with the number of SCell groups configured for dormant BWP switching, which is semi-static parameter and always less or equal to the number of SCells. In addition, considering that there can be a case where non-scheduling DCI 1-1 is the only configured DCI that can indicate dormant BWP switch, i.e. SCell group is not configured, there can be a need to introduce a UE capability pertaining to the minimum incremental latency. And finally, the latency requirement should primarily focus on a typical scenario where cells grouped into the same SCell group are intra-band contiguous CCs.
Proposal 5: For BWP transition into/out of dormancy in multiple SCells, RAN4 to define the following requirements
· BWP switch delay:
· TdormantBWPSwitchDelay + Ddormancy * max(G, Gmin), where
· T_dormantBWPSwitchDelay is the longest dormant and/or active BWP switching delay that would have taken if each BWP switching had been triggered by spCell DCI individually and non-simultaneously
· A set of candidate values for Ddormancy (incremental delay factor) is the same as those for DCI/Timer based simultaneous (non-dormant) BWP switching requirement, and UE can support different Ddormancy from that for DCI/Timer based BWP switch
· G is #SCell groups that are configured with dormant BWP by higher-layer signaling, which can be up to 5 if configured
· Gmin is determined by UE capability, e.g. Gmin={0,1,…,5}
· The above requirement should be considered when the maximum number of cells within an SCell group configured with dormant BWP is less than K, where K is e.g., 3 for FR1 and 8 for FR2
· If G for DCI 2-6 is differently configured from that for DCI 0-1/1-1 by higher-layer signaling, BWP switch delay requirement for inside active time is different from that for outside active time
· Whether G counts SCell groups including an SCell in the same FR or across FRs follows the same principle as DCI/Timer based simultaneous (non-dormant) BWP switch latency
· FFS on whether upper bound for BWP switch delay is needed
· Interruption time at BWP switch:
· Whether or not multiple interruptions are allowed within BWP switching delay follows the same principle as an interruption requirement at DCI/Timer based simultaneous (non-dormant) BWP switch
· For each interruption:
· The interruption length 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 not capable of per-FR gap, or if the BWP switching involves SCS changing, UE is allowed to cause interruption of up to X slots to other active serving cells
· If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slots to other active serving cells in the same frequency range
· Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy
· The above requirements apply regardless of DCI format, i.e. the same requirements for DCI 0-1/1-1 based inside active time and DCI 2-6 based outside active time dormancy indication

Interruptions due to measurements during SCell dormancy
As UE can adjust and/or turn off RF components to save power consumption in dormant BWP, there can be interruptions when the UE retune and/or turn on RF to receive SSB and/or CSI-RS for measurement, CQI acquisition, beam management, etc. Therefore, the interruption requirements can be defined in a similar way to those for deactivated SCell. However, as dormant SCell is still considered active SCell, the following aspect should be additionally taken into account.
· For an active SCell, measCycleSCell doesn’t need to be considered
· Since UE has to maintain link and perform CQI acquisition, beam management, etc as it does in a legacy active SCell, UE may need to receive SSB more frequently than deactivated SCells
· If a periodic CSI-RS report is configured and its reporting periodicity is shorter to the extent that power saving gain from RF retune and on-and-off becomes marginal, allowing frequent interruptions will be detrimental to UE and network throughput 

Proposal 6: For Interruptions due to SSB-based measurements and/or CSI-RS reception,
· If P-CSI reporting in dormant SCell is not configured or configured with a periodicity of CSI-ReportConfig for a domant SCell larger than [Z]ms:
· Interruptions due to SSB reception are allowed with up to [X]% probability of missed ACK/NACK with the following conditions
· 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 are in the same band as the aggressor SCell.
· For CSI-RS reception,
· UE is allowed to cause interruptions immediately before and after consecutive CSI-RS resources associated with CSI-ReportConfig
· Additionally, if there are configured periodic CSI-RS resources not for CSI acquisition (e.g. TRS, BM), interruptions are allowed with up to [Y]% probability of missed ACK/NACK immediately before and after the consecutive CSI-RS resources not associated with CSI-ReportConfig
· Each interruption shall not exceed requirement in Table 8.2.2.2.2-1
· Whether or not interruption happens to cells across FRs is determined by whether UE is capable of per-FR gap or not as defined in the legacy requirement of interruptions during measurements on deactivated SCC
· Otherwise:
· SSB and CSI-RS reception in the dormant SCell shall not cause interruption to active Cells
· FFS on X (>0.5), Y, and Z

3.	Conclusion
We presented our views and proposals about dormant BWP switching requirements in terms of BWP switching delay and interruption.
Optimization for BWP transition into/ out of dormancy requirements w.r.t. parameter change
Proposal 1: RAN4 to only introduce generic requirements, and the further need for optimizations w.r.t. parameter change can be discussed in the future release, if needed
Requirements at BWP transition into/out of dormancy in a “Single SCell”
Proposal 2: From the agreement made in RAN4#95e for BWP transition into/out of dormancy in a single SCell, RAN4 to remove requirements pertaining to timer-based BWP switching and choose Option 1a (3 symbols) and 2b (7 symbols) for values of X and Z, respectively.
Proposal 3: Upon BWP transition in a single SCell into/out of dormancy, RAN4 to define the interruption requirements as follows:
· 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 not capable of per-FR gap, or if the BWP switching involves SCS changing, UE is allowed to cause interruption of up to X slots to other active serving cells
· If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slots to other active serving cells in the same frequency range
· Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy
Proposal 4: For BWP transition in a single SCell into/out of dormancy triggered by DCI 2-6 outside active time, the same set of switch delay and interruption requirements shall be applied as for triggering inside active time.
Requirements at BWP transition into/out of dormancy in “Multiple SCells”
Proposal 5: For BWP transition into/out of dormancy in multiple SCells, RAN4 to define the following requirements
· BWP switch delay:
· TdormantBWPSwitchDelay + Ddormancy * max(G, Gmin), where
· T_dormantBWPSwitchDelay is the longest dormant and/or active BWP switching delay that would have taken if each BWP switching had been triggered by spCell DCI individually and non-simultaneously
· A set of candidate values for Ddormancy (incremental delay factor) is the same as those for DCI/Timer based simultaneous (non-dormant) BWP switching requirement, and UE can support different Ddormancy from that for DCI/Timer based BWP switch
· G is #SCell groups that are configured with dormant BWP by higher-layer signaling, which can be up to 5 if configured
· Gmin is determined by UE capability, e.g. Gmin={0,1,…,5}
· The above requirement should be considered when the maximum number of cells within an SCell group configured with dormant BWP is less than K, where K is e.g., 3 for FR1 and 8 for FR2
· If G for DCI 2-6 is differently configured from that for DCI 0-1/1-1 by higher-layer signaling, BWP switch delay requirement for inside active time is different from that for outside active time
· Whether G counts SCell groups including an SCell in the same FR or across FRs follows the same principle as DCI/Timer based simultaneous (non-dormant) BWP switch latency
· FFS on whether upper bound for BWP switch delay is needed
· Interruption time at BWP switch:
· Whether or not multiple interruptions are allowed within BWP switching delay follows the same principle as an interruption requirement at DCI/Timer based simultaneous (non-dormant) BWP switch
· For each interruption:
· The interruption length 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 not capable of per-FR gap, or if the BWP switching involves SCS changing, UE is allowed to cause interruption of up to X slots to other active serving cells
· If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slots to other active serving cells in the same frequency range
· Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy
· The above requirements apply regardless of DCI format, i.e. the same requirements for DCI 0-1/1-1 based inside active time and DCI 2-6 based outside active time dormancy indication
Interruptions due to measurements during SCell dormancy
Proposal 6: For Interruptions due to SSB-based measurements and/or CSI-RS reception,
· If P-CSI reporting in dormant SCell is not configured or configured with a periodicity of CSI-ReportConfig for a domant SCell larger than [Z]ms:
· Interruptions due to SSB reception are allowed with up to [X]% probability of missed ACK/NACK with the following conditions
· 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 are in the same band as the aggressor SCell.
· For CSI-RS reception,
· UE is allowed to cause interruptions immediately before and after consecutive CSI-RS resources associated with CSI-ReportConfig
· Additionally, if there are configured periodic CSI-RS resources not for CSI acquisition (e.g. TRS, BM), interruptions are allowed with up to [Y]% probability of missed ACK/NACK immediately before and after the consecutive CSI-RS resources not associated with CSI-ReportConfig
· Each interruption shall not exceed requirement in Table 8.2.2.2.2-1
· Whether or not interruption happens to cells across FRs is determined by whether UE is capable of per-FR gap or not as defined in the legacy requirement of interruptions during measurements on deactivated SCC
· Otherwise:
· SSB and CSI-RS reception in the dormant SCell shall not cause interruption to active Cells
· FFS on X (>0.5), Y, and Z
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