Page 1
[bookmark: _Ref494746248]3GPP TSG-RAN WG1 #98bis	R1-1911139
Chongqing, China, 14th – 20th October, 2019

[bookmark: Source]Agenda item:	7.2.13.3
Source: 	Qualcomm Incorporated
Title: 	Fast SCell Activation and SCell Dormancy
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
Fast SCell activation for NR is being studied for UE power saving as well as latency reduction under this sub-agenda in terms of the RAN1 impact on support of efficient and low latency serving cell configuration/activation/setup.

We also discuss this topic in the corresponding agenda item in RAN2. Please refer to our companion contribution [1]. 

This is a resubmission of R1-1909287 with updates that reflect recent RAN1, RAN2 and RAN progress.
Discussion
(Note that in all discussion below, for simplicity, the terminology “PCell” is used throughout, but it can also mean PSCell when the context is applied to the secondary cell group.)
Overview
In this section, we will review recent RAN1, RAN2 and RAN progress and provide our analysis and opinions for the remaining issues.

RAN1 Agreements and Conclusions
In RAN1 #98 and the follow-up email discussion, options for fast SCell activation and SCell dormancy were identified based on inputs from companies. Two options were identified for fast SCell activation and five options were identified for SCell dormancy. These options can be found in appendix of this contribution.
For fast SCell activation, option 1 has less specification impact than option 2. Due to the limited meeting time, RAN1 should prioritize option 1 if fast SCell activation is discussed for NR Rel. 16. 
For SCell dormancy, the five options belong to three categories 
· Transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour explicitly indicated by specialized DCI. This includes option 1 and 1a.
· Transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour implicitly indicated by PCell BWP switching. This includes option 2.
· SCell BWP switching between dormant BWP and regular BWP in cross-carrier scheduling framework based on existing DCI formant. This includes option 3, 3a and 3b
The main difference between option 1 and 1a is that option 1a supports cell grouping so that a smaller number of bits can be used to indicate the transitioning. Option 1a requires additional RRC signalling to map SCell groups to the indication field of the DCI. Due to limited meeting time, RAN1 should finish the basic design for the DCI with a 15-bit indication field first. Both multiple BWPs and a single BWP cases should be considered. For a SCell configured with multiple BWPs, the specialized DCI indicates BWP switching between the dormant BWP and the regular BWP with full SCell utilization. For a SCell configured with a single BWP, the DCI indicates transitioning between PDCCH monitoring and no PDCCH monitoring for the BWP. It is worth noting that even for the single BWP with and without PDCCH monitoring, application delay still needs to be specified. This is because once the ‘dormancy-like’ behavior starts, the UE should turn off the RF to save power if there is CSI activity. When the UE transitions back to SCell full utilization, it takes time for RF to warm up. Similarly, for BWP switching between BWPs that differ only in search space configuration, application delay needs to be specified. There seems no much use in maintaining sparse PDCCH monitoring when the UE is in the ‘dormancy-like’ behavior. Compared to other more basic techniques, the sparse PDCCH monitoring mechanism should be de-prioritized. 
Option 2 uses implicit indication of transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior based on BWP association between PCell and SCells. It is less flexible than option 1 type of solutions because the SCell can only transition into or out of dormancy-like behaviour when the PCell switches to a BWP for reduced utilization or back to full utilization, respectively. It cannot independently control the UE behaviour for the PCell and the SCell. Option 2 can be further discussed if there is time left when option 1 type of solutions is defined.
Option 3 indicates the transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior based on cross-carrier scheduling framework. It requires per BWP cross-carrier scheduling configuration. It is not clear whether the per BWP enabling/disabling of cross-carrier scheduling has any impact outside SCell dormancy. Option 3a uses existing cross-carrier scheduling DCI which does not support transitioning in and out of ‘dormancy-like’ behavior if the UE is not capable of cross-carrier scheduling. Option 3b is similar to option 1 in the sense that switching between dormant BWP and regular BWP is indicated by DCI. Option 3b has less specification impact than option 1 as it uses existing DCI format, but it is also less flexible because it can only indicate BWP switching for one SCell in a DCI. 

RAN1 LS to RAN2 and RAN4
RAN1 provided answers to RAN2’s questions on fast SCell activation and SCell dormancy in [2]. In this LS, RAN1 expressed its preference for SCell dormancy. SCell ‘dormancy-like’ behavior can reduce UE power consumption in a similar way to LTE dormant state. In addition, once enabled, SCell ‘dormancy-like’ behavior can reduce the demand for SCell activation which induces long latency. SCell dormancy should be prioritized in the meeting.
	Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
[RAN1 Answer] RAN1 is still discussing the details of the ‘dormancy’ behaviour. If the SCell is already activated, the latency of a UE from ‘dormancy’ behaviour to normal data transfer can be smaller compared to transition from SCell deactivated to activated state. It is expected that ‘dormancy’ behaviour can reduce at least the same parts of latency as can be reduced with a dormant cell in LTE and further reduce other parts of latency that occur only for NR. There may or may not be additional latency introduced, e.g. for BWP switching. In addition, ‘dormancy’ behaviour reduces the need for deactivated to activated state transitions of SCells and therefore reduces the number of occasions where the long SCell activation latency requirements are applied.



RAN #85 Summary
In RAN #85, the following list of proposals was endorsed ([3], [4]). According to this list, RAN2 should define the dormancy behavior and RAN1 should provide L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells. In addition, it will be studied in MR-DC agenda whether the PDCCH based power saving signal/channel outside active time can be used to indicate the transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior. RAN2 has agreed that wake-up signal is monitored only in a PCell or PSCell. This makes it possible for the PDCCH based power saving signal/channel to fit in with the SCell dormancy framework.
	1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
1. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 
1. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the additional UE behavior will be specified.  
2. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
2. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   
1. MR-DC/CA and Power Saving WID will not be updated



Based on RAN1, RAN2 and RAN status, the following high-level observations and proposals are made.
[bookmark: ob1]Observation 1: 
· RANP requested RAN1 and RAN2 to design L1 based mechanism for SCell dormancy in MR-DC
· PDCCH based power saving signal fits in with UE dormancy framework based on specialized DCI
· There is application delay for transitioning between PDCCH monitoring and no PDCCH monitoring for a SCell
· There is application delay for BWP switching between BWPs that differ only in SS configuration for a SCell
· No strong motivation to specify transitioning between sparse PDCCH monitoring and frequent PDCCH monitoring
· Implicit indication of transitioning for SCell dormancy based on BWP association between the PCell and SCells is less flexible than explicit indication by specialized DCI
· Impact of cross-carrier scheduling based transitioning for SCell dormancy is unclear outside SCell dormancy if cross-carrier scheduling is per BWP configured

[bookmark: pr1]Proposal 1:
· Prioritize SCell dormancy over fast SCell activation and prioritize option 1 for SCell dormancy with 15-bit indication in specialized DCI
· Discuss other options for SCell dormancy behaviour and fast SCell activation if the above is finished. Prioritize option 1 for fast SCell activation
· Use Option 1 for SCell dormancy to support both BWP switching and transitioning between PDCCH monitoring and no PDCCH monitoring
· Deprioritize sparse PDCCH monitoring for SCell ‘dormancy-like’ behavior 
· For transitioning between PDCCH monitoring and no PDCCH monitoring, specify the application delay to account for RF warm-up time 
· For BWP switching between BWPs that differ only in SS configuration, specify the application delay to account for RF warm-up time 

In the following sections, we will provide details of our proposed solutions.

Fast SCell Activation/Deactivation
The motivation for fast SCell activation/deactivation is so that the number of activated SCell can adapt more closely to the actual traffic load, thereby improving power efficiency and latency. In NR, the timeline for SCell activation/deactivation can be optimized by using aperiodic TRS/CSI-RS and DCI-based signaling.
Figure 1 introduces the NR Rel-15 SCell activation/deactivation timeline analysis. In general, UE will feedback acknowledgement within k1 + 1 slot after UE successfully receives the PDSCH carrying SCell activation/deactivation MAC CE, and then UE needs to prepare RF transition to receive signals from target SCell within T_activation time. After UE gets ready to receive signals from new SCell, UE still requires a certain period, i.e., TSMTC_SCell, TSMTC_MAX (defined in TS 38.133) and additional latency, to finish synchronization in the target SCell. The exact time for synchronization in target SCell depends on the specified conditions. Finally, UE performs CQI measurements and reporting within Z latency after UE starts to receive reference signals. Z is typically not more than a few milliseconds, defined in 5.4 in TS 38.214. For details of the analysis, please refer to Appendix 5.1.
Figure 2 depicts a possible scheme of fast SCell activation/deactivation procedure timeline. If aperiodic TRS can be triggered and transmitted, channel tracking can be done based on A-TRS and latency for acquiring SSB can be bypassed. A-CSI can be triggered for CQI measurement. The TTRS covers the A-TRS duration and it can be assumed as 1 to 2 slots to process aperiodic TRS and update loop in a known SCell, which is much smaller than the TSMTC_SCell. The adoption of additional RS for fast SCell activation was also discussed in RAN2. RAN2 agreed that a temporary RS should be studied. Options of the temporary RS include SSB, CSI-RS or TRS [5]. RAN2 has considered this RS a temporary one because it is only needed when SCell activation is triggered.
	Temporary RS resources at SCell activation will be studied as a solution for fast SCell activation. RAN1/4 input required on feasibility and benefit.



If the measurement and CQI reporting timeline is sufficiently optimized, DCI-based signaling for fast SCell activation can be considered to further reduce the latency. It can be observed that once UE receives DCI-based fast activation command, only k0 + X latency is needed for PDCCH receiving and UE RF transition (i.e. X latency) to receive new signaling from target SCell. Support for triggering A-TRS and/or A-CSI from the SCell activation command should be considered.


[bookmark: _Ref525911908]Figure 1: NR SCell activation/deactivation timeline with MAC CE command



[bookmark: _Ref525911945]Figure 2: DCI-based fast SCell activation/deactivation procedure timeline

Some numerical examples can demonstrate the overall SCell activation latency improvement. For the baseline NR case (Figure 1), if the SCell is known and in FR1 band, assuming k0=0, k1=1, 15 kHz SCS (i.e. 1 slot = 1 msec), 3 msec T_activation time is the total time for processing the MAC CE and RF tuning time, T_SMTC_SCell = 20 msec (according to A.3.2.2. in TS 38.133) and Z = 1.6 msec, the total activation latency is 28.6 msec or 48.6 msec, depending on whether the SCell measurement cycle is smaller than or larger than 160 msec, respectively. The latency number for FR2 can be much worse. For the proposed optimized case (Figure 2), k0+X can be assumed to be 3 msec, assuming it can be the same as BWP transition latency (Type 2 as defined in TS 38.133). Overall, the time span can be about 8.6 msec. If MAC-CE is used instead of DCI, at least 4 msec (k1 + MAC-CE processing time) needs to be added, and it would be a significant percentage of the overall timeline (i.e. 4 / 8.6 = 47% increase). It should be justifiable to adopt DCI-signaling. DCI design consideration is discussed in2.3.1.
[bookmark: _Toc16865493][bookmark: pr2]Proposal 2: A-TRS/CSI triggering from SCell activation command can be supported to greatly reduce SCell activation time.
[bookmark: _Toc16865494][bookmark: pr3]Proposal 3: DCI-based signaling for SCell activation/deactivation can be supported, if other enhancements are also adopted to greatly reduce the overall activation timeline compared to Rel-15.

SCell Dormancy
[bookmark: _GoBack]In Rel-15 LTE euCA [5], a new SCell state, distinct from legacy activated and deactivated state, is introduced. This new state allows periodic CSI of the SCell to be measured and reported, but otherwise is similar to legacy deactivated state: no data transfer and no PDCCH monitoring is expected on the SCell. The advantage is that the latency of transition into active state from this new state is reduced significantly compared to transition from deactivated state. The UE power consumption in the new state is much lower than that in active state and can be slightly higher than that in deactivated state. The ability to do fast state transition between low power new state to high power active state results in reduced overall UE power consumption for most traffic patterns. In RAN2, companies have also discussed the dormancy behavior for NR fast SCell activation and reached the following agreements [6]. 
	Agreement
1 SCell dormant state like LTE euCA will not be introduced in NR
2 ‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit



It is acknowledged that “dormancy” behavior can be useful for fast return to SCell utilization for data transfer: the time-consuming parts (i.e. AGC, initial CQI warm up, beam management and MIB reading) can also be performed when the UE doesn’t monitor PDCCH/PDSCH, to reduce the latency to return to SCell utilization. Note that AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB. Thus, a separate SMTC monitoring cycle can also be configured to balance the UE power consumption and latency reduction.
In RAN #85, RANP tasked RAN2 to define the dormancy behavior. RAN1 should provide corresponding L1 design for the indication of transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells. Therefore, RAN1 should prioritize the SCell dormancy in RAN1 #98bis.
[bookmark: _Toc16865491][bookmark: ob2]Observation 2: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.
[bookmark: _Toc16865492][bookmark: ob3]Observation 3: Not monitoring PDCCH on SCell is a necessary but not a sufficient condition for improving SCell energy efficiency. Other periodic activities including CSI measurement and reporting, beam management, and/or RRM may still be performed at much reduced duty cycle. There is tradeoff between minimizing SCell power consumption level and maintaining sufficient state information about the SCell such that UE can very quickly return to SCell utilization when traffic arrives.
[bookmark: _Toc16865495]
[bookmark: pr4]Proposal 4: “Dormancy” behavior should be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve good trade-off between latency reduction for return to SCell utilization and UE power consumption.

[bookmark: _Ref528665980][bookmark: _Ref4744460]Dormant BWP for SCell
One major difference between NR and LTE is that NR supports BWP operation. In LTE euCA, in order to support “dormancy” behavior for SCell, dormant SCell state with new MAC-CE-based transitions and new procedures in MAC layer was introduced. In NR, it is not necessary to introduce SCell dormant state, because SCell “dormancy” behavior can be achieved on the BWP level. The BWP that supports “dormancy” behavior for the SCell is referred to as the “dormant BWP”. Specifically, the dormant BWP requires:
· One particular BWP without PDCCH/PDSCH configuration is configured in RRC, i.e. dormant BWP.
· No PDCCH monitoring configuration is already supported based on Rel-15 specification by configuring no search space for the particular BWP.
· No new SCell state (i.e. SCell dormant) is introduced, and thereby no MAC-CE state transition is required. All the state transitions in dormant BWP framework are shown in Table 1 and Figure 3. 
· The only new signaling or behavior is for the transition from dormant BWP to active BWP with PDCCH/PDSCH configuration because the UE is not expected to receive DCI on the SCell in dormant BWP. We have two alternatives to address it: 
· Alt-1 (new signaling): DCI for cross-carrier BWP switch from PCell 
· Alt-2 (new behavior): Implicit SCell BWP switch based on PCell
· The latency to return to SCell utilization (i.e. from dormant BWP to active BWP with PDCCH/PDSCH configuration) can be further reduced since the BWP switching delay is shorter compared with SCell state transition, which is only 1 or 3ms in 15KHz depending on UE capability (type1 or type2 UE) in TS 38.133. 



[bookmark: _Ref4540379]Figure 3: Illustration of state transition in dormant BWP framework
The actual signaling mechanism to put SCell in-and-out of dormant BWP can be done via specialized BWP DCI signaling on the PCell (referred to as Alt-1, or explicit signaling). Also, the default BWP for the SCell can be configured to be the dormant BWP, so that when BWP timer expires, the SCell autonomously switches to the dormant BWP for power saving. 
Alternatively, new behavior (referred to as Alt-2, or implicit signaling) can be defined such that the switching of SCell’s dormant BWP is based on PCell’s active BWP status. For example, one BWP on PCell can be designated as the “power saving BWP” and whenever it is active, SCell’s active BWP is implicitly switched to the dormant BWP (illustrated below). It is most logical to configure the power saving BWP the same as the default BWP on PCell, so that upon BWP timer expiry, SCells are switched to the dormant BWP. For better flexibility, the set of SCells affected by the implicit switching can also be RRC-configured.


Figure 4: illustration of BWP switch (implicit or explicit cross-carrier signaling) in dormant BWP framework

	          To From        
	Activated state
	Deactivated state
	Dormancy (dormant BWP)

	Activated state
	
	Legacy signaling: 
· MAC-CE, or
· sCellDeactivationTimer
	No new signaling or behavior required: 
· DCI to switch to dormant BWP, or
· bwp-InactivityTimer (need to configurate dormant BWP as default BWP)

	Deactivated state
	Legacy signaling: 
· MAC-CE for activation
	
	No direct transition (no new signaling or behavior): 
· NW first uses MAC-CE to activate SCell, and then uses DCI to switch UE to dormant BWP 


	Dormancy (dormant BWP)
	New signaling or behavior required:   
· Alt-1: new DCI signalling for cross-carrier BWP switch
· Alt-2: implicit BWP switch
	Legacy signaling: 
· MAC-CE, or
· sCellDeactivationTimer
	


[bookmark: _Ref4712420]Table 1: State transitions in dormant BWP framework

Being able to bring SCell(s) in and out of dormancy relatively quickly is beneficial for power saving. Leveraging the BWP framework allows reusing many of the mechanisms (e.g. DCI signaling, BWP inactivity timer, etc), resulting in less specification work and impact.
It should be emphasized that quick adaptation of PDCCH monitoring is only one aspect for SCell power saving and enabling fast return to SCell utilization (i.e. switch from dormant BWP to active BWP with PDCCH/PDSCH configuration). Other aspects include periodic operations, e.g. CSI, beam management, also can be relaxed by separate duty cycle in dormant BWP to achieve good tradeoff between power consumption and latency to return to SCell utilization. Therefore, we think that BWP adaptation is a suitable framework to support the switching between “dormancy” (i.e. low power) and fully active operations, compared to adapting different aspects with separate mechanisms.
[bookmark: _Toc16865496][bookmark: pr5]Proposal 5: In NR, ‘dormancy-like’ behavior for a SCell can be supported by configuring a particular BWP without PDCCH/PDSCH monitoring as the dormant BWP for the SCell.
[bookmark: _Toc16865497][bookmark: pr6]Proposal 6: RAN1 supports dormant BWP and specifies the required new DCI signaling and/or BWP switching behavior for dormant BWP on SCell in association with the PCell.

There are other proposals for reducing PDCCH monitoring duty cycle, for example, by configuring very large PDCCH monitoring periodicity. In Rel-15, PDCCH monitoring periodicity configuration is BWP-specific; Therefore, adaptation between large and small PDCCH monitoring periodicities can be achieved by BWP adaptation as well. UE power saving study for Rel-16 [TR 38.304] has looked into adaptation of PDCCH monitoring periodicity independent of BWP adaptation, but support in Rel-16 is still to be further studied by RAN2. In our view, reusing the Rel-15 BWP adaptation framework is more desirable as it can also support other aspects of adaptation.
Another point to note is that even with large PDCCH monitoring periodicity configured for dormant BWP (instead of no PDCCH monitoring), it is still necessary to have a mechanism on the PCell to trigger transition from dormant BWP to active BWP with PDCCH/PDSCH configuration for the SCell. This is because with very large PDCCH monitoring periodicity, and with C-DRX operation, it is possible that the PDCCH occasion may rarely align with the ON duration of C-DRX, and there can be huge delay for an opportunity to signal on the SCell for return to SCell utilization (i.e. switch from dormant BWP to active BWP with PDCCH/PDSCH configuration).

[bookmark: _Ref528948684]Semi-persistent search space configuration
An alternative approach to dormant BWP is to support SCell dormancy with a completely new DCI-signaling scheme as follows. A DCI-based search space (SS) set activation/deactivation scheme has been proposed in the context of PDCCH monitoring reduction [2]. In this scheme, the SS sets in the SCell remains inactive normally, and can be selectively activated by DCI signaling from the anchor SS set. When a SS set is inactive, the UE will skip PDCCH monitoring in the set.
When all the configured SS sets within the cell are inactive, ‘dormancy-like’ behavior is assumed for the SCell. Therefore, the DCI-based SS set activation/deactivation may be considered as a signaling basis for fast transition of SCell to the dormancy state.
[bookmark: _Toc528863312][bookmark: _Toc528958967][bookmark: _Toc528960883][bookmark: _Toc534394002][bookmark: _Toc16865498][bookmark: pr7]Proposal 7: Semi-persistent search space configuration based on DCI-signaling can be considered as an alternative to support fast transitioning in and out of SCell ‘dormancy-like’ behavior.

Usage of fast SCell activation and dormant BWP
One difference between SCell dormancy and SCell deactivation is that, when a SCell is deactivated, UE does not have to perform any CQI measurement or operations on the SCell, whereas when SCell is in dormant BWP, UE may perform CQI measurements and reporting, albeit at a much sparser periodicity. It is expected that transitioning from dormant BWP to an active BWP with PDCCH/PDSCH configuration is much shorter than SCell activation. Based on initial estimates for our earlier example, even for the best optimization scenario, SCell activation latency may be reduced to approximately 7 milliseconds, but still quite large compared to dormant BWP transition latency.
	Scheme
	Latency
(15kHz SCS)
	Comment

	Dormant BWP switching
	1~3 msec
	BWP transition latency for multiple CC is to be decided in RAN4

	Fast Scell activation
	7~12 msec 
	Best optimization estimate

	Rel-15 SCell activation (baseline)
	28~88 msec
	Upper range is for unknown cell. Lower range for known cell with SCell measurement cycle less than 160 msec.



[bookmark: _Hlk534965862]The usage of the two proposed schemes can be differentiated as follows: Dormant BWP switching targets faster adaptation to short-term traffic variations, while SCell activation/deactivation targets long-term traffic variations. During period of low traffic activity, activated SCell(s) can have its active BWP switched to the dormant BWP; The UE would continue monitoring DL control channel on the PCell, but not on the SCell(s) in dormant BWP. With fast L1 signalling for transitions in-and-out of dormant BWP, the SCell(s) can quickly adapt to short-term traffic variations for power saving. In contrast, SCell activation/deactivation via MAC-CE / SCellDeactivationTimer, with its higher overhead and latency, is used much less frequently and only on a much large time scale. Support for dormant BWP on SCell provides additional flexibility and power saving on top of C-DRX which applies to PCell and SCell jointly. Figure 6 illustrates an example of the relative timeline.


[bookmark: _Ref4619502]Figure 6: Timeline example of SCell state, BWP, traffic, and C-DRX operation.
[bookmark: _Ref4757304]
[bookmark: _Ref16845142]DCI Design Consideration
There are two potential schemes where new DCI signalling would be needed:
1) When SCells are in dormant BWP, the trigger to transition to an active BWP with PDCCH/PDSCH configuration has to be provided on the PCell where UE still monitors PDCCH. As discussed in Section 2.2.1, this trigger can be either implicit or explicit. In the explicit option, a cross-carrier BWP switching trigger is needed, i.e. a DCI received on the PCell that delivers the information about SCell BWP transition from the dormant BWP.
· Note: If cross-carrier scheduling is enabled, it is possible to have a configuration such that a BWP switching DCI can be transmitted on PCell to switch the BWP of the SCell indicated by the CIF, and this works even when the SCell is in dormant BWP. However, the disadvantage of this approach are two folds: (i) Dependency on the cross-carrier scheduling feature for dormant BWP switching is undesirable, (ii) group SCell signaling is not supported.
2) If DCI-based SCell activation is adopted, new DCI signalling would be needed to convoy SCell activation information. The information should be similar to that in the MAC-CE SCell activation command in Rel-15.
The design requirement is very similar between the two schemes, except for the details specific to the content of the information. In the following we discuss the common part together and the details can be left for further discussion.
The information for either scheme is UE-specific and there is no use case for group common signaling. Therefore, it makes sense to designate a DCI format scrambled with C-RNTI for this new DCI signaling functionality.
In the current specification, C-RNTI-scrambled DCI formats are monitored in UE-specific search space and/or Type 3 common search space (if configured). There is also a DCI size budget limit (i.e. 3 sizes for C-RNTI and overall 4 sizes per serving cell). If a new DCI format is introduced, in order to avoid impacting the DCI size budget limit, it should be size-matched to existing DCI formats scrambled with C-RNTI that the UE is already monitoring. It makes sense that one of the size-matching targets should be DCI format 1-0 (i.e. fallback DL scheduling DCI). It should be noted that DCI format 0-0 (i.e. fallback UL scheduling DCI) is always size matched to format 1-0.
Then, if the DCI size of the new DCI is the same as the existing DL scheduling DCI, and both are scrambled by C-RNTI, the new and existing DCI would be indistinguishable from each other. We can follow similar techniques as DL SPS release DCI in Rel-15, i.e. by designating special values in certain DCI fields in the DL scheduling DCI to indicate that the DCI carries the new information. One example is to use the frequency domain resource allocation (FDRA) field: The value of all 1’s is not valid for normal usage for scheduling, and it can be used in combination with special values in other fields to indicate that the DCI content should have the new interpretation. 
For the cross-carrier BWP switching indication supported with the new DCI interpretation, for a DCI decoded in PCell to trigger SCells to transition from dormant BWP, we can consider the following switching options: (i) for an individual SCell, or (ii) for a group of SCells. Given that we are defining a new DCI interpretation we should try to achieve (ii) that can also support (i). For this, some of the unused DCI fields can carry the “SCell control bitmap” under the new interpretation. This bitmap can contain the BWP IDs for the target BWP that the SCells should go to. A binary indication per SCell can be given if the target BWP can be pre-configured. In this example, if for the bitmap to signal the BWP ID for 8 SCells, the bitmap size of 16 bits is needed, which should be able to fit within reclaimed field in an existing DCI. Additionally, UE is expected to send HARQ acknowledgement on the configured PUCCH resource associated with the DCI (e.g. Format 1-0 and/or Format 1-1).
For signaling SCell activation with the new DCI interpretation, the SCell control bitmap can be similar to the bitmap in legacy SCell activation MAC-CE; Additional bit(s) may be added per SCell for A-CSI trigger information. An additional identifier can indicate which of the functionality (either for SCell activation or cross-carrier BWP switching) should be used.
[bookmark: _Toc16865499][bookmark: pr8]Proposal 8: New DCI information to trigger BWP switch from dormant BWP on SCell and/or fast SCell activation should be based on reusing an existing DCI of C-RNTI that the UE is expected to monitor for DL scheduling, but with special values in one or more existing fields to allow reinterpreting other field(s) as containing the new information. UE is expected to send acknowledgement based on the HARQ-ACK resource indicated by the DCI.

1.1 SCG RACH Procedure Latency Reduction
As described below, one objective of DC/CA enhancement WI is the efficient and low latency serving cell configuration/activation/setup.
RP-181469:
Efficient and low latency serving cell configuration/activation/setup: Minimizing signaling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
o	This objective applies to MR-DC, NR-NR DC and CA
[bookmark: _Hlk534898345]o	The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In the following, we focus on reducing SCG setup latency in DC, which includes latency due to initial access on PSCell. As shown in Figure 3, DC with NR as SCG includes two scenarios: EN-DC and NR-NR DC. For UE at the cell edge of NR PSCell, the initial access may be delayed due to message retransmissions. Compared with connected mode, retransmissions may happen more frequently in initial access due to the use of wider beams. Beam refinement may only be performed when UE is in connected mode in R15.
Therefore, to reduce initial access latency on PSCell, latency reduction mechanisms should be considered for corresponding message transmissions. Otherwise, initial access latency may be significantly affected by message retransmissions. In R15, if Msg1 has no response, UE may have to retransmit in next RACH occasion. Initial access is successful only when all messages go through successfully. 
[bookmark: _Toc16865500][bookmark: pr9]Proposal 9: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA.
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[bookmark: _Ref525819517][bookmark: _Hlk534972806]Figure 4: DC scenarios with NR as SCG

1.2 CSI-RS Resource Repetition for Mobility
To reduce initial access latency on PSCell, one way is to improve message reception reliability via UE beam refinement. Specifically, for UE performing CFRA on PSCell, PCell can configure PSCell to transmit CSI-RS with repetition. As illustrated in Figure 4, UE can beam sweep within each CSI-RS repetition to find the best Tx/Rx beam pair, which is then used for the following message exchange. This will improve the link budget and hence the latency for the whole initial access. 



Figure 5: UE Rx refinement via repetition of CSI-RS for mobility

However, according to TS 38.331, the CSI-RS in CFRA follows the structure of CSI-RS for mobility, which currently cannot be configured with repetition. So far, only NZP-CSI-RS resource set for L1 measurement can be configured with repetition in R15. Therefore, it would be beneficial to also enable repetition configuration of CSI-RS for mobility. 
[bookmark: _Toc16865501][bookmark: pr10]Proposal 10: Support repetition of CSI-RS for mobility. 

[bookmark: _Toc503314554][bookmark: _Toc503531337]Conclusion
In this contribution, the following observations and proposals have been made.
Observation 1: 
· RANP requested RAN1 and RAN2 to design L1 based mechanism for SCell dormancy in MR-DC
· PDCCH based power saving signal fits in with UE dormancy framework based on specialized DCI
· There is application delay for transitioning between PDCCH monitoring and no PDCCH monitoring for a SCell
· There is application delay for BWP switching between BWPs that differ only in SS configuration for a SCell
· No strong motivation to specify transitioning between sparse PDCCH monitoring and frequent PDCCH monitoring
· Implicit indication of transitioning for SCell dormancy based on BWP association between the PCell and SCells is less flexible than explicit indication by specialized DCI
· Impact of cross-carrier scheduling based transitioning for SCell dormancy is unclear outside SCell dormancy if cross-carrier scheduling is per BWP configured
Observation 2: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.
Observation 3: Not monitoring PDCCH on SCell is a necessary but not a sufficient condition for improving SCell energy efficiency. Other periodic activities including CSI measurement and reporting, beam management, and/or RRM may still be performed at much reduced duty cycle. There is tradeoff between minimizing SCell power consumption level and maintaining sufficient state information about the SCell such that UE can very quickly return to SCell utilization when traffic arrives.

Proposal 1:
· Prioritize SCell dormancy over fast SCell activation and prioritize option 1 for SCell dormancy with 15-bit indication in specialized DCI
· Discuss other options for SCell dormancy behaviour and fast SCell activation if the above is finished. Prioritize option 1 for fast SCell activation
· Use Option 1 for SCell dormancy to support both BWP switching and transitioning between PDCCH monitoring and no PDCCH monitoring
· Deprioritize sparse PDCCH monitoring for SCell ‘dormancy-like’ behavior 
· For transitioning between PDCCH monitoring and no PDCCH monitoring, specify the application delay to account for RF warm-up time 
· For BWP switching between BWPs that differ only in SS configuration, specify the application delay to account for RF warm-up time 
Proposal 2: A-TRS/CSI triggering from SCell activation command can be supported to greatly reduce SCell activation time.
Proposal 3: DCI-based signaling for SCell activation/deactivation can be supported, if other enhancements are also adopted to greatly reduce the overall activation timeline compared to Rel-15.
Proposal 4: “Dormancy” behavior should be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve good trade-off between latency reduction for return to SCell utilization and UE power consumption.
Proposal 5: In NR, ‘dormancy-like’ behavior for a SCell can be supported by configuring a particular BWP without PDCCH/PDSCH monitoring as the dormant BWP for the SCell.
Proposal 6: RAN1 supports dormant BWP and specifies the required new DCI signaling and/or BWP switching behavior for dormant BWP on SCell in association with the PCell.
Proposal 7: Semi-persistent search space configuration based on DCI-signaling can be considered as an alternative to support fast transitioning in and out of SCell ‘dormancy-like’ behavior.
Proposal 8: New DCI information to trigger BWP switch from dormant BWP on SCell and/or fast SCell activation should be based on reusing an existing DCI of C-RNTI that the UE is expected to monitor for DL scheduling, but with special values in one or more existing fields to allow reinterpreting other field(s) as containing the new information. UE is expected to send acknowledgement based on the HARQ-ACK resource indicated by the DCI.
Proposal 9: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA.
Proposal 10: Support repetition of CSI-RS for mobility. 
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Appendix
[bookmark: _Ref4743812]SCell dormancy Email discussion
	For L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells, study further the candidates including the following and aim to conclude at RAN1#98bis

o   Option 1
0. Introduce dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s) (or Scell(s) other than cell x)
0. For case when Scell is configured with multiple BWPs
                                                               i.      Alt1: DCI indicates the BWP to be used on the Scell (FFS 1 or 2 bits per Scell)
                                                             ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell (1 bit per Scell)
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
0. For case when Scell is configured with 1 BWP
                                                               i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on the Scell (1 bit per Scell)
                                                             ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring (1bit per Scell)
0. DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
                                                               i.      FFS for cross-carrier scheduling case
0. DCI details
                                                               i.      At least [15] DCI bits (i.e., 1 bit per Scell)
                                                             ii.      Monitored along with other scheduling DCI
                                                           iii.      No extra BDs for monitoring this DCI
0. Alt 1: DCI CRC scrambled with C-RNTI but some fields reserved in one of DCI 0-0/0-1/1-0/1-1, and other fields used for triggering the dormancy behavior
0. Alt 2: DCI CRC scrambled by another RNTI (i.e., similar to SPS PDCCH release)
0. Other alternatives not precluded (e.g. monitored in CSS with size similar to DCI 2-x)
0. Application delay
                                                               i.      <= BWP switching delay; BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay 
0. The dedicated DCI is not expected to be used for data scheduling 
0. FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 


o    Option 2
0. Introduce new RRC signaling which allows to use the existing Bandwidth part indicator field in DCI of cell x/BWP timer expiration to indicate the BWP used for cell x and also cell(s) other than cell x 
0. For case when UE is configured with 1 BWP on cell x or on cell(s) other than cell x 
                                                               i.      Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: other alternatives not precluded
0. For case when UE is configured with multiple BWPs on cell x or on cell(s) other than cell x 
                                                               i.      RRC signalling for case when UE is not configured with cross-carrier scheduling
0. Details FFS
                                                             ii.      RRC signalling for case when UE is configured with cross-carrier scheduling
0. Details FFS
0. Grouping of multiple Scells/BWPs
                                                               i.      Details FFS
0. Application delay 
                                                               i.      <= BWP switching delay; BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay 
                                                           iii.      FFS details: e.g. For UE indicating Type 2 capability, whether Type 1 BWP switching delay is used for some BWP switch cases (e.g. for switching between BWPs that differ only in SS configuration)


o    Option 3
0. Introduce new RRC signaling for per-BWP configuration of cross-carrier vs. self scheduling and use the CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells. 
                                                               i.      For case when UE not configured with cross-carrier scheduling/CIF
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
                                                             ii.      For case when UE is configured with 1 BWP on scheduled cells other than Pcell 
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
0. Application delay 
                                                               i.      <= BWP switching delay BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay
o   Option 1a 
1. Introduce new RRC signalling to create a mapping of Scell/Scell group(s) to the indication field (x-bit) in the new and new dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on groups of activated Scell(s) (or groups of Scell(s) other than cell x)
                                                               i.      FFS details of RRC signaling to group the Scells
1. For case when Scell is configured with multiple BWPs
                                                               i.      Alt1: DCI indicates the BWP to be used on the group of Scell(s) 
                                                             ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the group of Scell(s) 
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
1. For case when Scell is configured with one or multiple BWPs
                                                               i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of a the group of Scells (1 bit per group of Scells)
                                                             ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring for the group of Scell(s) 
1. DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
1. FFS for cross-carrier scheduling case
1. DCI details FFS
1. Application delay 
1. <= BWP switching delay; BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay
1. FFS between below alternatives 
0. Alt1: The new DCI is dedicated DCI and is not expected to be used for data scheduling 
0. Alt2: The new DCI is included along with scheduling DCI (i.e., enhanced field in scheduling DCI)
1. FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 

o    Option 3a
1. When UE is configured with cross-carrier scheduling, use CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells 
1. Use per serving cell configuration of cross-carrier vs. self scheduling as in Rel-15
1. For case when UE not configured with cross-carrier scheduling/CIF
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
1. For case when UE is configured with 1 BWP on scheduled cells other than Pcell 
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
1. Application delay 
1. <= BWP switching delay BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay

o    Option 3b
1. Configure CIF to be present in DCI format in Pcell search-space even if cross-carrier scheduling is not configured
1. Details FFS
1. Application delay 
1. <= BWP switching delay BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay

Note 1: FFS: If any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time
Note 2: “BWP” => UE specific RRC configured BWP
Note 3: ‘dormancy like behavior’ may also include CSI measurement/reporting relaxation for some cases
Note 4: It is not precluded to further combine and modify above options



SCell activation conclusions
	Conclusion:
Study further the following two options and aim to conclude in RAN1#98bis:
· Option 1:
· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  
· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case
· UE receives activation command MAC CE for Scell activation and also aperiodic/semi-persistent CSI-RS for the Scell ’at the same time’ as the activation command 
· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger
· FFS: if separate requirement based on specific RS configuration
· Option 2 - Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based Scell activation
· CSI measurement/reporting is based on Rel-15/16 RS(s)
· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.
· FFS between following candidates for enhanced triggering
· Implicit (i.e., Scell activation command reception implies specific RS is triggered like in LTE)
· Separate MAC CE linked to activation MAC CE
· Enhanced activation command MAC CE
· Other candidates not precluded
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.



Detailed Rel-15 SCell activation timeline example
In TS 38.133, it is specified the following requirements of NR SCell activation latency:
Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting], where:
· THARQ is the timing between DL data transmission and acknowledgement, shown in part k0, k1 and A in Figure 2.
· Tactivation_time is the SCell activation latency, which depends on several factors: (i) is the Scell known or not (ii) is the Scell in FR1 or FR2 (iii) is SMTC smaller than 160ms or not. For example:
· When SCell is known in FR1 and the SCell measurement cycle is equal to or smaller than [160ms], Tactivation_time = [3ms+TSMTC_SCell+ 2ms]. As shown in Figure 1, 
· 3ms is MAC-CE processing time including RF warm-up time (i.e. part B, C, D and E in Figure 2); 
· TSMTC_SCell is the SMTC periodicity of SCell being activated for AGC and Fine FTL/TTL (i.e. part F in Figure 2);
· 2ms is margin for SSB coming in last part (i.e. part G in Figure 2).
· When SCell is unknown in FR1, Tactivation_time = [3ms+ 2*TSMTC_MAX + 2*TSMTC_SCell + 2ms], where TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signal, for PSS/SSS timing acquisition and MIB reading. (i.e. part I in Figure 2);     
· TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in [5]. It is indicated in part H of Figure 1.

Figure 1: illustration of NR SCell activation latency
Typical latency of Rel-15 NR SCell activation is also summarized in Table 1.
	
	k0
	K1+A
	B+C+D+E
	F
	I
	G
	H
	Sum

	Value is from
	38.214
	38.214
	38.213
	RAN1 / RAN4
	RAN4
	RAN4
	Section 5.4 of 38.214
	

	Known in FR1
SCellMeasCycle<=160ms
	0
	1ms (assume k1=1, A=up to 1 slot)
	3ms

	20ms (1SMTC)
	0
	2ms
	1.57ms (assume 22 symbol)
	28.57ms

	Known in FR1
SCellMeasCycle>160ms
	0
	2ms 
	3ms

	40ms (2SMTC)
	0
	2ms
	1.57ms 
	48.57ms

	Unknown in FR1
	0
	2ms
	3ms
	40ms
	40ms
	2ms
	1.57ms
	88.57ms


Table 1: maximum delay of NR SCell activation (assume 15KHz SCS and 20ms SMTC)
As seen in Figure.1, latency caused by CQI reporting is not dominant part any more in NR. Instead, the main latency contributors are AGC (which needs at least 1 or 2 SSBs), fine FTL/TTL and MIB reading (for unknown SCell), which all require SSB monitoring. As we see, under typical SMTC configuration (20ms), NR SCell activation latency is even longer than LTE, which is because SSB (typical 20ms) is much sparser than CRS (every 1ms TTI) in LTE. 
In FR2, the main difference is that we have additional long latency caused by beam management. To keep track of which beams the UE needs to use, the UE needs to do beam management (i.e. Rx beam sweeping) after ready for PDCCH monitoring. The beam management can also be relied on SSB monitoring.
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