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1. Introduction

UE adaptation in frequency domain for power saving has been studied in RAN1 and potential enhancements are captured in TR 38.840 [1]. 
	The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain  in the study are as follows, 

· BWP -  UE adaptation to different BWP

· RS to assist UE channel tracking and measurements to assist BWP switching  

· The assistance may also include CSI measurements (UE supports and processes one BWP at a time)

· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching

· Association of BWP and DRX

· UE assistance information could be considered

· CA/DC – 

· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 

· Adaptation of PDCCH monitoring/search space on activated SCell 

· Including cross carrier scheduling

· Adaptation based on the operation in a group of cells in power efficient way

· Including group of cells in bundle operation

· CSI/RRM measurements and beam management at non-active SCell
· UE assistance information could be considered

· Including the combined operation with the BWP switching


In this contribution, we will discuss the power saving schemes for BWP/SCell operation in RRC_CONNECTED in more details with the corresponding RAN2 impacts.
2. Discussion 
	8.3.2
SCell Activation Delay Requirement for Deactivated SCell
The requirements in this section shall apply for the UE configured with one downlink SCell in SCG in EN-DC, or in standalone NR carrier aggregation and when one SCell is being activated.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.
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 as specified in [7].
Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is:
-
[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-
[TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown and belongs to FR1, Tactivation_time is:

-
[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt.
If the SCell being activated belongs to FR2, Tactivation_time is:
-
[TSMTC_SCell + 5ms] if there is at least one active serving cell on that FR2 band, provided that the SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in section 3.6.3.
-
[TBD* TSMTC_SCell + 5ms] if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1.
Where,

TSMTC_MAX:

-
In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.

-
In FR2, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA.

-
TSMTC_MAX is bounded to a minimum value of 10ms.

TSMTC_SCell: SMTC periodicity of SCell being activated and the minimum value is 10ms.
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 [2].


Similar as in LTE, MAC-CE based SCell activation/deactivation is supported in NR Rel-15. For power saving purpose, the SCell is activated only when there is large amount of traffic for the UE. 

As specified in TS38.133 (copied above for reference), the SCell activation delay is up to [THARQ + Tactivation_time + TCSI_Reporting], where Tactivation_time = [TSMTC_SCell + 5ms] for FR1 and FR2 respectively in the best case (corresponding to the highlighted text in the table), i.e. the corresponding SCell is known by the UE. In an optimistic assumption with THARQ =1ms, TCSI_reporting=1ms, the overall activation delay for a known cell is around 27ms for 20ms SMTC periodicity and 12ms for 5ms SMTC periodicity, respectively. Such activation delay is not optimal for burst traffic and may cause traffic delay and unnecessary UE power consumption.

In general, there can be two ways to enhance the efficiency of SCell activation, as the following

· Reduce the SCell activation delay (from deactivated state to activated state)

In this method, the SCell is activated only when necessary (burst traffic arrival), and the delay from deactivated state to activated is minimized.
· Keep the SCell activated, but reduce the UE power consumption during SCell activated state

In this method, the SCell can be maintained activated regardless of traffic condition, such that the SCell can be used for DL transmission immediately after traffic arrival without activation delay. However, the UE power consumption during SCell activation time should be minimized as much as possible.

In the following section, we will discuss the above two potential methods in more detail. 

2.1. Reducing SCell activation delay

As analyzed in section 1, the components of SCell activation delay is as the following

· Tactivation_time = [TSMTC_SCell + 5ms], in which the fixed 5ms processing time may include the RF retuning time and higher layer processing time (MAC CE), and TSMTC_SCell is the time that UE has to wait until the first available SSB for AGC and time/frequency synchronization. 

· The TSMTC_SCell is determined by the configured SMTC periodicity on the SCell frequency and can be down to 5ms if the network configures SSB transmission per 5ms. Reducing SMTC periodicity can be helpful for SCell activation e.g. the activation delay can be reduced from 27ms to 12ms if the SMTC periodicity is reduced from 20ms to 5ms. However, this will cause significant network overhead as SSB has to be transmitted on the SCell once per 5ms periodically regardless there is UE requiring SCell activation or not. Alternatively, to avoid the overhead issue caused by periodic SSB transmission, network can trigger on demand RS to facilitate UE preparation (AGC and time/frequency sync) for SCell activation. The on demand RS can be SSB, or TRS, etc. The triggering of on demand RS can be MAC CE based, or DCI based. The TSMTC_SCell can potentially be reduced to 1~2ms if the on demand RS can be available immediately after the SCell activation command is applied at the UE. 

· The 5ms processing time may include the RF retuning time and higher layer processing time due to MAC CE based activation command. If DCI based SCell activation command is introduced, the processing time can potentially be reduced to 3ms at the maximum assuming 1ms for DCI decoding and 2ms for RF retuning. 

· THARQ, If DCI based SCell activation command is introduced, this component can be removed as there is no HARQ-ACK for DCI.
· TCSI_reporting can be assumed 1ms unless faster CSI processing time is introduced. 
Based on the above discussion, it is feasible to reduce the SCell activation time to around 5~6ms, if DCI can be used for SCell activation command and triggering the on-demand RS for UE preparation, which is a significant latency reduction compared to the current 27ms delay assuming typical 20ms SMTC periodicity. 

Proposal 1: NR supports a DCI based SCell activation command and on-demand RS for UE SCell preparation triggered by the DCI command. 

In RAN2#105bis, it was agreed that some power consumption benefits can be seen if SCells monitoring is reduced. According to the current procedure, the SCell can be deactivated or activated by the network with MAC. But the mechanism is not flexible and will have some latency, which is not suitable for the case with different DRX cycles and different serving bandwidth. An alternative solution is to use PScell WUS to indicate on which SCell UE needs to monitor PDCCH. In this way, the activated SCells can be dynamically switched by WUS. How to design the WUS to indicate SCells on which UE needs to monitor PDCCH can be further discussed in RAN1. 
Proposal 2: The activated SCell on which UE needs to monitor PDCCH can be indicated in WUS. How to design such indication in WUS can be further discussed in RAN1. 

2.2. Minimizing UE power consumption during SCell activation time

As discussed above, a 5~6ms SCell activation delay still exits even when DCI based activation command is supported. If a tighter latency requirement after DL data arrival is targeted for SCell transmission, the UE may have to keep SCell always active such that the DL traffic can be served on SCell as soon as possible. However, the continuous PDCCH monitoring would cause significant power consumption especially during the time when less or no traffic is scheduled on SCell. Thus, it would be necessary to reduce PDCCH monitoring on the activated SCell for power saving. 

In LTE eUCA, a SCell dormant state was introduced and UE is triggered by MAC CE for state transition among the activated state, deactivated state and dormant state. On a dormant SCell, UE does not monitor PDCCH but keep the time/frequency sync and CQI measurement and reporting, thus the power consumption can be significantly reduced. When traffic arrives, network can trigger the UE transition from dormant state to active state with very delay (mostly MAC CE signalling delay) such that traffic can be served as soon as possible.

In NR, similar concept as dormant SCell state can be used to minimize the UE power consumption. However, as the PDCCH monitoring periodicity can be configured with various values (from 1slot to 2560slots), the power saving gain can be obtained by using long PDCCH monitoring periodicity, there is no strong need to introduce explicit SCell dormant state in NR if the PDCCH monitoring periodicity can be dynamically switched based on the traffic demand. To achieve the dynamic PDCCH monitoring periodicity on SCell, two options can be considered.  

· Dynamic switching of PDCCH monitoring periodicity based on DCI indication

This scheme has been studied in TR38.840 [2] as one candidate solution for UE power saving. Based on the evaluation it is observed above 50% power saving gain for the sporadic traffic. As one example, a long PDCCH monitoring periodicity (e.g. with periodicity of hundreds of slots) can be used for an activated SCell when there is no traffic to serve and a 1 slot PDCCH monitoring periodicity can be used immediately after traffic arrives. To minimize the delay due to switching from a long monitoring periodicity to a short monitoring periodicity, a cross-carrier indication DCI from Pcell can be used to switch the PDCCH monitoring periodicity on SCell. 

· “Dormant” BWP

In Rel-15, UE can be configured with a DL BWP without PDCCH search space, such DL BWP can be considered as “dormant” BWP. If UE is configured with a dormant BWP and another regular BWP (with PDCCH search space), the UE can stay on the dormant BWP for power saving and can be dynamically switched to the regular BWP by gNB when traffic arrives. Thus, only the BWP switching delay is introduced before UE is able to receive DL traffic on the SCell. Since there is no PDCCH search space on the dormant BWP, cross-carrier indication from Pcell for UE BWP switch from the dormant BWP to the regular BWP is necessary.  

Proposal 3: Do not introduce the explicit SCell dormant state in NR.

Proposal 4: Support at least one of the following schemes to minimize the UE power consumption on an activated SCell
· Dynamic switching of PDCCH monitoring periodicity for an activated SCell based on cross-carrier DCI indication from another serving cell

· Dynamic BWP switching from a dormant DL BWP (DL BWP without PDCCH search space) to a regular DL BWP based on cross-carrier DCI indication from another serving cell

Interaction of SCell activation/deactivation with C-DRX should be discussed in RAN2. As one example, joint DRX across different serving cells can be used, which is the same as current functionality. Alternatively, individual DRX for different serving cells can be considered. In this case, either individual DRX configuration or individual DRX procedure can be the solutions. If SCell is switched, how to process the DRX procedure or how to apply the DRX configuration should be studied in RAN2. 
Proposal 5: Interaction of SCell activation/deactivation with C-DRX should be discussed in RAN2, i.e. joint or individual DRX across different serving cells. 

2.3. Enhanced BWP operation

As captured in TR, the enhanced BWP operation may include triggering of TRS in the target BWP to facilitate earlier UE channel tracking, or enhanced DCI trigger for BWP switch. However, these are more RAN1 related schemes and have little RAN2 impact. One potential aspect for BWP enhancement with RAN2 impact is the interaction of BWP switch with DRX. RAN2 should discuss whether per-BWP DRX configuration is beneficial and should be supported. 
Proposal 6: RAN2 should discuss the interaction between BWP switch and DRX, and whether per-BWP DRX configuration should be supported. 
2.4. UE assistance information

The power saving gain by UE assistance information has been evaluated, from the evaluation results captured in TR38.840 section, it can be seen that up to 45% and 43% power saving gain can be obtained due to UE assistance information regarding BWP and SCell operation, respectively. The UE assistance information regarding BWP operation may include the UE reporting of preferred BWP. The UE assistance information regarding SCell operation may include the UE reporting of preferred SCell index, or request for SCell activation/deactivation. 
Proposal 7: The following UE assistance information should be supported, and the corresponding signaling should be designed in RAN2:
· UE preferred BWP

· UE preferred SCell index, request for SCell activation/deactivation

3. Text proposal on TR

---------------------------------------------------------Text Proposal Start-------------------------------------------------------
5.1.1 Adaptation to the variation in frequency 
NR supports a DCI based SCell activation command and on-demand RS for UE SCell preparation triggered by the DCI command. The activated SCell on which the UE needs to monitor PDCCH can be indicated in WUS. 

Do not introduce the explicit SCell dormant state in NR. Support at least one of the following schemes to minimize the UE power consumption on an activated SCell:
· Dynamic switching of PDCCH monitoring periodicity for an activated SCell based on cross-carrier DCI indication from another serving cell
· Dynamic BWP switching from a dormant DL BWP (DL BWP without PDCCH search space) to a regular DL BWP based on cross-carrier DCI indication from another serving cell

Per-BWP DRX configuration should be supported. DRX configuration can be switched by BWP switching. 
---------------------------------------------------------Text Proposal End-------------------------------------------------------
Proposal 8: RAN2 to consider the above text proposal about BWP/SCell operation for power saving. 
4. Conclusion

In this contribution, we discuss the power saving for BWP/SCell operation in RRC_CONNECTED. Based on the discussion, we have the following proposals:

Proposal 1: NR supports a DCI based SCell activation command and on-demand RS for UE SCell preparation triggered by the DCI command. 
Proposal 2: The activated Scell on which UE needs to monitor PDCCH can be indicated in WUS. How to design such indication in WUS can be further discussed in RAN1. 

Proposal 3: Do not introduce the explicit SCell dormant state in NR.

Proposal 4: Support at least one of the following schemes to minimize the UE power consumption on an activated SCell

· Dynamic switching of PDCCH monitoring periodicity for an activated SCell based on cross-carrier DCI indication from another serving cell

· Dynamic BWP switching from a dormant DL BWP (DL BWP without PDCCH search space) to a regular DL BWP based on cross-carrier DCI indication from another serving cell

Proposal 5: Interaction of SCell activation/deactivation with C-DRX should be discussed in RAN2, i.e. joint or individual DRX across different serving cells. 

Proposal 6: RAN2 should discuss the interaction between BWP switch and DRX, and whether per-BWP DRX configuration should be supported. 
Proposal 7: The following UE assistance information should be supported, and the corresponding signaling should be designed in RAN2:

· UE preferred BWP

· UE preferred SCell index, request for SCell activation/deactivation

Proposal 8: RAN2 to consider the above text proposal about BWP/SCell operation for power saving.
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