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Introduction
[bookmark: _Ref178064866]In RAN1#98, the following was agreed regarding dormancy like behaviour for activated Scells and in email discussion [98-NR-22], several options for the L1 based mechanism were discussed (Annex A).

Agreements:
· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported
· ‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 

Further, it was agreed in RAN#85 [1] that – “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”
In this document, we extend the discussion from [2], and provide more details towards specifying the L1 mechanism for transition between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells.
Discussion
L1 based mechanism for triggering dormancy
For indicating transition to/from dormancy, we prefer a DCI based indication mechanism not linked to other features/configurations. As discussed in [2], this provides an opportunity to independently support latency reduction/power saving improvements to current CA framework without introducing a requirement to implement other optional features such as cross-carrier scheduling or multiple UE-specifically configured BWPs. 
Among the options identified in RAN1#98bis ([98-NR-22] email discussion), options 1/1a are aligned with the above approach. Between options 1 and 1a, option 1 allows both individual and group handling of Scells and is most aligned with the current MAC CE based Scell activation/deactivation mechanism.
According to options 2,3 the BWP/CIF indicator fields should be repurposed to indicate Scell dormancy. However, these approaches eventually result in limiting the flexibility of both dormancy indication and the corresponding feature (i.e., BWP switching or cross-carrier scheduling) without providing any significant advantage. For example, option 2 generally results in overhead of extra ‘BWP indicator field’ bits which are otherwise not required (i.e., when not linked to dormancy indication). Also, since BWP indicator field is limited to max 2 bits, the ability of gNB to control PCell BWP switching and also SCell dormancy (including possibly Scell BWP switching) using just those two bits is severely limited. Similar considerations apply for options 3/3a that rely on repurposing CIF field for dormancy indication. Finally, as discussed in [2], lack of flexibility in managing Scells eventually results in lower power savings or higher latency compared to the more flexible options.
Observations
1. Dormancy indication should be flexible enough to handle various CA configurations including inter-band CA (with multiple frequency bands), intra-band CA and FR1-F2 CA with one/multiple BWPs on different Scells
2. For indicating transition to/from dormancy, an L1 mechanism that uses dedicated DCI bits for dormancy indication provides the most flexibility and opportunity for power savings.
3. Re-purposing DCI indication specified for other features (e.g. BWP indication, CIF etc.) not only limits the flexibility for dormancy indication but also limits the flexibility of the corresponding feature.

Dormancy and BWP handling
For the case when Scell is configured with 1BWP, two alternatives for indicating dormancy were identified in RAN1#98
· Alt1: DCI indicates whether to monitor/not monitor PDCCH on the Scell 
· Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring

In our view, Alt1 is just a simplified version of Alt 2 without need for configuring multiple SS-sets on the SCell (i.e., one SS-set with sparse monitoring and another SS-set with frequent monitoring). If dormancy is indicated for an Scell, the need even for sparse PDCCH monitoring on the Scell is unclear. Therefore, we prefer Alt 1 which requires less RRC signaling. If Alt 2 were to be adopted, we prefer to include ‘inf’ to the list of possible PDCCH monitoring periodicities.
For the case when Scell is configured with multiple BWPs, below alternatives were identified
· Alt1: DCI indicates the BWP to be used on the Scell (FFS 1 or 2 bits per Scell)
· Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell

With Alt1, dormancy on Scell is achieved by configuring a ‘dormant BWP’ (e.g. with no PDCCH-config) and indicating switching into/out of the dormant BWP using the L1 based indication from the Pcell. With Alt 2, PDCCH monitoring on the current active BWP of the Scell is controlled by the L1 based indication from the Pcell. In our view, both alternatives are somewhat similar with Alt 1 requiring configuration of at least one extra BWP compared to Alt2. Therefore, we prefer Alt 2 which requires less RRC signaling. If Alt1 were to be adopted, we prefer to limit the number of bits for BWP indication to just one bit. i.e., L1 based indication from the Pcell indicates whether to use ‘dormant BWP’ or a non-dormant BWP (e.g. current/previously active BWP or default BWP) on the Scell.

Dormancy and Cross-carrier scheduling
When an Scell is configured for cross-carrier scheduling (CCS), the PDCCH monitoring for that Scell is done on another cell (i.e., the scheduling cell). The L1 based indication discussed for options 1/1a can be directly applied for this case, except that for CCS, the PDCCH monitoring ‘for’ the Scell is turned on/off based on the indication. Any further attributes related to dormancy-like behavior are also applied to the cross-carrier scheduled Scell when dormancy is indicated for it.
Observations
4. For an Scell configured with cross-carrier scheduling, dormancy behavior can be applied such that PDCCH monitoring ‘for’ the Scell is turned on/off based on the L1 based mechanism.

Application delay for dormancy
In Rel16 cross-carrier scheduling discussions, a minimum applicable delay Δ (to account for PDCCH processing time at the UE) was specified between ending symbol of PDCCH reception on scheduling cell and starting symbol of PDSCH reception on scheduled cell. 
For dormancy indication, similar delays can be specified. i.e., for transition from dormancy to non-dormancy, a delay Δ_d1 can be specified between the ending symbol of PDCCH reception with dormancy indication(DI) and starting symbol of PDCCH monitoring on Scell. 
Following values of Δ_d1 can be used (expressed in numerology of PDCCH containing DI)
· For 15/30kHz numerology of PDCCH containing DI
· Δ_d1 = [4] symbols 
· For 60kHz numerology of PDCCH containing DI
· Δ_d1 = [8] symbols 
· For 120kHz numerology of PDCCH containing DI
· Δ_d1 = [16] symbols in the numerology of PDCCH containing DI

It should be noted that beam management and related TCI state handling (e.g. for FR2) are expected to be ongoing on the Scell, regardless of whether dormancy or non-dormancy behavior is indicated for the Scell. So, these aspects need not be considered for the application delay Δ_d1. Whether additional relaxation is needed to help the UE hardware transition from relatively low power state with dormancy (where it does not expect to receive PDCCH on activated Scell) to non-dormancy (where PDCCH reception is expected) can be discussed further. Such additional relaxation can be similar to application delay between cross-slot and same-slot scheduling being discussed in UE power savings WI.
Finally, if HARQ-ACK is sent in response to the PDCCH reception with DI, whether the PDCCH to HARQ-ACK delay (k1) should be included in Δ_d1 can also be further considered. As discussed in [2], at least from UE perspective this is not strictly needed. From NW perspective it can be left to NW implementation whether gNB waits until ACK is received for the DI before starting scheduling on the Scell.
Grouping of Scells
Both LTE and NR CA activation/deactivation MAC CEs provide a bitmap to flexibly manage one/multiple/all SCells at any given time. As discussed in [2], our preference is to retain the same level of flexibility also for dormancy indication. For NR, since up to 16 cells including Pcell can be configured for CA, a bitmap of 15 bits is needed for indicating dormancy with same level of flexibility as CA activation/deactivation.
 If dormancy were to be indicated with fewer DCI bits (e.g. <=5 bits), some form of group-based indication for Scells has to be introduced. Even with grouping, our preference is to retain the ability for flexible control of Scells, at least for Scells in different bands/FRs. This can be done by retaining the bitmap based approach used for activation/deactivation MAC CE but allowing each bit in the bitmap to indicate dormancy for a group of Scells. If grouping were to be used, our preferred framework is as below
· RRC configures multiple groups of Scells for the UE
· Up to [5] groups can be configured
· Each group can have cellindex of one or multiple Scells (exact grouping is left to gNB implementation)
· If G groups are configured via RRC, a bitmap of G bits are used in DCI for dormancy indication with each bit controlling the dormancy of the corresponding group.

DCI indication details
As already discussed in section 2.1, we prefer to indicate dormancy using separate DCI bits not linked to other features or configurations. Exact DCI indication mechanism depends on the maximum number of DCI bits possible for dormancy indication and below two alternatives can be considered.
If up to 15 bits are used for dormancy indication (i.e., reuse CA activation/deactivation framework), as discussed in [2], the most straightforward approach would be to send these bits using a similar mechanism as that of SPS activation/deactivation. Detailed framework for this would be as below
· Alt 1 (up to 15 bits are used for dormancy indication)
· Dormancy for activated Scells is sent using a bitmap of up to 15 bits with each bit corresponding to each configured Scell
· The bitmap is sent using existing DCI format (e,g, 1-1 or 1-0) with DCI CRC scrambled by a new RNTI (e.g. D-RNTI) 
Another alternative to the above would be to use DCI format 1-1 with CRC scrambled by C-RNTI but FDRA bits set to all 1s but having a new RNTI allows more DCI formats to be used for the indication and also allows all the bits in the DCI to be used which provides a more forward compatible approach.
If up to [5] bits are used for dormancy indication (i.e., using the grouping approach described above), it is possible to include the DCI bits directly as a separate field in the scheduling DCI formats (e.g. in 1-1, 0-1). From overhead perspective, it not clear if this provides more savings. This due to the fact that these bits are always present in every scheduling DCI message regardless of gNB indicating a transition for the Scells or not, while a dedicated DCI (albeit with more bits) can sent only when needed/possible. However, in case this approach is adopted, our preferred framework is as below
· Alt 2 (up to [5] bits used for dormancy indication)
· RRC configures multiple groups of Scells for the UE
· Up to [5] groups can be configured
· Each group can include cellindex of one or multiple configured Scells (exact grouping is left to gNB implementation)
· Dormancy for activated Scells is sent using a bitmap of up to [5] bits with each bit corresponding to each RRC configured group
· The bitmap is sent using a new field added to existing scheduling DCI formats (e.g. 1-1, 0-1)

Clarifications related to ‘dormancy like behavior’ 

According to current discussions, ‘dormancy-like’ behavior => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting. 

In [98-NR-22] email discussion, whether ‘dormancy like behavior’ also includes CSI measurement/reporting relaxation for some cases was discussed. 
· For periodic and SP-CSI reporting, we do not see the need for introducing any additional UE behavior in relation to transition into/out of dormancy on activated Scells.
· For aperiodic CSI reporting, in the UE power savings WI, a minimum k0 offset was agreed as a mechanism to let the UE stay in low power consumption state when cross-slot scheduling is used. Similar principle can be reused for Scells for which dormancy is indicated by the L1 mechanism.
Dormancy indication in WUS
In [1], it was also discussed whether to include dormancy indication in the PDCCH based power saving signal outside active time (PDCCH-WUS). Following has been agreed regarding WUS so far (in both RAN1 and RAN2)
1. WUS is configured only when DRX is configured
2. WUS monitoring occasions occur at an RRC configured offset before start of “On-duration” when UE is in DRX
3. UE does not monitor WUS when in active time (e.g. during on-duration, data reception, or when IAT is running)
4. WUS is configured only on Pcell/PScell (i.e., WUS not sent on Scells)
Considering a case where Pcell is made to ‘wake up’ using WUS, and Scells are made to go to dormancy using dormancy indication bits -- due to agreements 3,4 above, WUS by itself cannot be used to bring back the Scells from dormancy. This is illustrated in detail below. 
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Figure 1 – Multiple cell WUS operation (SCell indication in WUS)

Figure 1 shows multi-cell WUS operation with Scell indication in WUS (i.e., WUS on PCell controls dormancy of each Scell).  A Pcell and two activated Scells (Scell1, Scell2) are shown. The figure illustrates the issue with separate control of Scells using WUS. 

When a first data burst arrives, the NW can indicate ON for Pcell and OFF for the Scells (WUS shown by green+red box in the figure). As shown in the figure, the NW then uses Pcell to schedule data burst 1 with no wake-up for Scells. However, when subsequent data bursts arrive (e.g. burst 2 larger than burst 1 as shown in the figure), the NW will not be able to send ‘wake-up’ for the Scells using WUS. This happens because UE will be active time on PCell and does not look for WUS when in active time. So, when Scell indication in WUS is used for ‘turning off’ Scell on durations, the NW is stuck with using only the Pcell for data transmission until the next IAT expiration even when there are subsequent data bursts. Clearly this increases latency. It is also not clear if this saves power consumption on UE side since the Pcell is now out of DRX for a longer duration.

In our view, since the L1 based dormancy indication in active time is already being specified in MR-DC WI, the functionality intended by ‘SCell on/off indication in WUS’ is already covered by it and it gives much more flexibility than WUS based Scell dormancy indication. 

Given the above, we do not see a need for introducing Scell indication bits in WUS. However, if such bits were to be introduced, our preference is that dormancy indication in WUS should be independently configurable from the L1 based dormancy indication in active time. i.e., it should be possible to operate WUS without Scell dormancy indication even when L1 based Scell dormancy indication in active time is configured for the UE.

Observations
5. The functionality intended by ‘SCell on/off indication in WUS’ is mostly covered by the L1 based dormancy indication being specified in MR-DC WI with greater flexibility than WUS (i.e, it is possible to send the L1 based indication during active time to the UE, which has same level of flexibility as CA activation/deactivation MAC/CE)

Conclusions
In this document, we provide details for specifying the L1 mechanism for transition between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells.
We make the following observations
Observations
1. Dormancy indication should be flexible enough to handle various CA configurations including inter-band CA (with multiple frequency bands), intra-band CA and FR1-F2 CA with one/multiple BWPs on different Scells
2. For indicating transition to/from dormancy, an L1 mechanism that uses dedicated DCI bits for dormancy indication provides the most flexibility and opportunity for power savings.
3. Re-purposing DCI indication specified for other features (e.g. BWP indication, CIF etc.) not only limits the flexibility for dormancy indication but also limits the flexibility of the corresponding feature.
4. For an Scell configured with cross-carrier scheduling, dormancy behavior can be applied such that PDCCH monitoring ‘for’ the Scell is turned on/off based on the L1 based mechanism.
5. The functionality intended by ‘SCell on/off indication in WUS’ is mostly covered by the L1 based dormancy indication being specified in MR-DC WI with greater flexibility than WUS (i.e, it is possible to send the L1 based indication during active time to the UE, which has same level of flexibility as CA activation/deactivation MAC/CE)

Based on the observations, we propose the following

Proposals

1. For indicating transition to/from dormancy for an activated Scell, support a DCI based indication mechanism 
· For Scell configured with 1 BWP, DCI indicates transition between dormancy and non-dormancy for the Scell
· For Scell configured with multiple BWPs, support one of the below two alternatives
· Alt1: DCI indicates transition between dormancy and non-dormancy for the current active BWP of the Scell
· Alt2: DCI indicates BWP to be used on the Scell

2. For the DCI indication, support one of the below two alternatives
· Alt 1 (if up to 15 bits are used for dormancy indication)
· Dormancy for activated Scells is sent using a bitmap of up to 15 bits with each bit corresponding to each configured Scell
· The bitmap is sent using existing DCI format (e,g, 1-1 or 1-0) with DCI CRC scrambled by a new RNTI (e.g. D-RNTI) 
· Alt 2 (if only up to X<= [5] bits used for dormancy indication)
· RRC configures multiple groups of Scells for the UE
· Up to X<= [5] groups can be configured
· Each group can include cell index of one or multiple configured Scells (exact grouping is left to NW implementation)
· Dormancy indication for activated Scells is sent using a bitmap of up to [5] bits with each bit corresponding to each RRC configured group
· The bitmap is sent using a separate field added to existing scheduling DCI formats (e.g. 1-1, 0-1)
3. Application delay related to dormancy (Δ_d1), is defined as number of symbols between the ending symbol of PDCCH with dormancy indication (DI) and first symbol of PDCCH monitoring on activated Scell.
· Δ_d1 = [4],[8],[16] symbols for 15/30 kHz, 60kHz and 120kHz numerology of PDCCH with DI respectively.
· Note 1: Following additional aspects can be considered for Δ_d1 
· Whether to provide UE hardware related relaxation to transition from no PDCCH monitoring low power state to PDCCH monitoring state. 
· If provided, such additional relaxation should be of similar magnitude as the application delay between cross-slot and same-slot scheduling (being discussed in UE power savings WI).
· Whether to include PDCCH to HARQ-ACK delay (k1), if HARQ-ACK is sent in response to the PDCCH with DI
· Note 2: Since time/frequency tracking, beam management and related TCI state handling (e.g. for FR2) are already ongoing for an activated Scell, they should not impact application delay (Δ_d1).
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Annex A - [98-NR-22] 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
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