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1. Introduction

The WI on Further Multi-RAT Dual-Connectivity enhancements was approved in [RP-201040].
	1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG  applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]

· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]

· This objective applies to FR1 and FR2

2. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]

· support scenarios which are not addressed in Rel-16 NR mobility WI


This meeting is the first meeting to formally discuss the WI. This paper provides the RRM impact, work plan and remaining issues in temporary RS related topic.
2. Work plan

According to the WID [1], the core part of RRM shall be finalized by March 2022 (RAN #95), the performance part of RRM shall be finalized by September 2022 (RAN #97).  The work plan is proposed as blow.
 RAN4#99-e
· Discuss and approve the work plan for RRM part.
· Discuss and identify which RRM requirements need to be specified for

· Conditional PSCell change and addition

· Efficient activation/de-activation mechanism for one SCG
· Efficient activation/de-activation mechanism for SCells in NR CA
· Reply RAN1/2 LS, if any

RAN4#100-e

· Discuss the identified RRM requirements on

· Conditional PSCell change and addition

· Efficient activation/de-activation mechanism for one SCG
· Efficient activation/de-activation mechanism for SCells in NR CA
· Reply RAN1/2 LS, if any

RAN4#100-e-Bis 

· Continue to discuss the identified RRM requirements on

· Conditional PSCell change and addition

· Efficient activation/de-activation mechanism for one SCG
· Efficient activation/de-activation mechanism for SCells in NR CA
· Provide draft CR on TS38.133

· Reply RAN1/2 LS, if any

RAN4#101-e

· Further discuss the RRM requirements on

· Conditional PSCell change and addition

· Efficient activation/de-activation mechanism for one SCG
· Efficient activation/de-activation mechanism for SCells in NR CA
· Provide and refine the draft CR

RAN4#102-e

· Approve the CR on TS38.133

RAN4#102-e-Bis (RRM performance part only)

· Discuss and decide test case lists and related parameters

RAN4#103-e (RRM performance part only)

•
Provide draft test cases for RRM
RAN4#104-e (RRM performance part only)

•
Approve test cases for RRM
3. RRM impact
3.1. Conditional PSCell change and addition
In current RRM specification, the requirements for PSCell addition /release delay and interruption in NE-DC and NR-DC are specified. No conditional PSCell addition/release related requirements are discussed.
At the initial discussion of Rel-16, all scenarios for conditional PSCell change were considered in RAN2. Due to the WI time limitation, Rel-16 scope was narrowed down only to introduce intra-SN conditional PSCell change without MN involvement. In R16 RRM specification, the requirements for conditional PSCell change are specified in Ts38.133 clause 8.11B.
In R17 RAN2 focus on CPA(Conditional PSCell Addition) and inter-SN CPC (Conditional PSCell Change) where both NR-DC and (ng)EN-DC deployment scenarios are considered, that is:

-
Conditional PSCell addition 

-
MN initiated Inter-SN conditional PSCell change

- 
SN initiated Inter-SN conditional PSCell change
From RAN4 RRM perspective, there is no difference for inter-SN or intra-SN conditional PSCell change requirements.
Proposal 1: The inter-SN conditional PSCell change requirements can reuse the existing conditional PSCell change requirements specified in clause 8.11B.

Regarding conditional PSCell addition, no corresponding requirements are specified in R16 so far. Therefore Conditional PSCell addition delay shall be specified in R17.
Proposal 2: Conditional PSCell addition delay shall be specified.
In RAN2 some company mentioned the coexistence of CHO and CPAC in the last meeting. The baseline is that CHO and CPAC can be supported simultaneously. Details can be discussed in a later stage when time allows. RAN4 will wait RAN2’s progress on this issue. The related RRM requirements are discussed until RAN2 has completed and concrete solutions.

Propsal3: The RRM requirements of coexistence of CHO and CPAC are discussed until RAN2 has completed the concrete solutions.
3.2. Efficient activation/de-activation mechanism for one SCG 
The motivation of SCG activation/deactivation is that SCG only needs to be configured to activated state during high data rate while taking the advantage of power saving upon switching to deactivated state during low data rate.
RAN2 have discussed this objective for several meeting cycles. UE behaviours after SCG deactivation is one essential aspect in RAN2 discussion. In parallel, the identification of UE behaviour also impacts RAN4 RRM requirement definition. 
- RACH procedure due to SCG activation command

Whether RACH should be performed or not when SCG is activated are under discussion in RAN2. If RACH is performed, the PSCell activation delay shall consider the time waiting for PRACH. The procedure resembles the existing PSCell addition. If there are some schemes which can omit RACH procedure, then UL timing alignment shall be always maintained during PSCell deactivation. Then the corresponding PSCell activation delay will be different with the RACH based scheme.
Proposal 4: PSCell activation delay shall be specified and the detailed schemes wait for RAN2.

- RLM on PSCell after SCG deactivation

Whether RLM is supported on deactivated PSCell is under discussion in RAN2. Upon SCG RLF, the UE could use the existing SCG failure reporting procedure, which can help network to handle the SCG immediately. On the other hand, other companies believe the network can be aware of SCG failure based on RRM measurement reporting, and in order to save UE power, it is better to not perform RLM on the PSCell.
Proposal 5: The requirements for RLM on deactivated PSCell are supposed to be specified if RAN2 decides to do so.

- BFD/BFR/beam management on PSCell after SCG deactivation

Whether BFD/BFR are supported on deactivated PSCell is under discussion in RAN2. Some companies think BFD/BFR/beam management can help UE maintain the DL timing synchronization and other companies propose not to support BFD/BFR/beam management because RRM measurement results is sufficient to evaluate the PSCell coverage. Therefore the requirements for BFD/BFR/beam management on deactivated PSCell are supposed to be specified if RAN2 decides to do so.
Proposal 6: The requirements for BFD/BFR/beam management on deactivated PSCell are supposed to be specified if RAN2 decides to do so.

RRM measurement after SCG deactivation
It is a common understanding that RRM measurement is supposed to be performed in deactivated PSCell. However whether the RRM measurement shall be relaxed or not is not determined in RAN2. In last meeting, RAN2 intend to send an LS to RAN4 and ask RAN4 to study the RRM relax for SCG deactivation and RRM requirement for maintaining DL fine Sync. However the LS is not approved. RAN4 can trigger the discussion if needed.
Proposal 7: The L3 measurement requirements on deactivated PSCell can be discussed in RAN4.
There are some other discussions, e.g., SCG SCell addition/release/modification while SCG is deactivated, etc. we suggest to focus on the main functionality of SCG activation/deactivation. The requirements for other enhancements are deprioritized.
Proposal 8: Focus on the main functionality of SCG activation/deactivation and the requirements for other enhancements are deprioritized.

3.3. Efficient activation/de-activation mechanism for SCells in NR CA

This objective starts to be discussed from RAN4#98e as there is an LS sent from RAN1.The reason is that RAN1 wait for RAN4’s conclusions to carry out the temporary RS design. LS reply [2][3] are sent to RAN1. Some remaining issues are still under discussion in RAN4. The detailed discussion on the remaining issues are discussed in section 3.4.
It is intuitive that this objective impacts the SCell activation delay and interruption. 
Proposal 9: SCell activation delay and interruption based on temporary RS shall be specified.
3.4. Remaining issues in LS [4]
· SCell being activated is known and belongs to FR1
During 2 meeting cycles discussion, it is agreed that when SCell to be activated is known and belongs to FR1, temporary RS can be correctly detected by UE. Then fine time frequency tracking and AGC adjustment can be based on temporary RS. The LS reply drew the following conclusions [2]:

	· SCell to be activated is known and belongs to FR1
· If SCell measurement cycle is equal to or smaller than 160ms

· temporary RS can be used for time/frequency tracking

· 1 burst (2-slot with four CSI-RS resources) is required.
· If SCell measurement cycle is larger than 160ms

· temporary RS can be used for AGC

· 1 burst (2-slot with four CSI-RS resources) is required

· temporary RS can be used for time/frequency tracking

· 1 separate burst (2-slot with four CSI-RS resources) is required in addition to the one burst required for AGC


In the last meeting, it is confirmed that when SCell measurement cycle is larger than 160ms, minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is needed to account for UE AGC application time delay [3]. The minimum gap length is not determined yet:
· Option 1: 2 slots

· Option 2: 2 ms
As for 15kHz SCS, 2 slots equals to 2ms. If one concrete value is preferred to define the requirements as we did for SSB processing delay for TCI state switching, we think option 2 is also a good way. To some extent, this kind of requirement is simpler.

Proposal 10: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms,  either option 1 or option 2 of the gap between the RS symbols for AGC and the RS symbols for time/frequency acquisition is acceptable.

Another remaining issue is when SCell measurement cycle is larger than 160ms, whether the UE requires to receive another RS transmitted also on the other activated serving cell in the same band. In R15 in this scenario Tactivation_time is specified as TFirstSSB_MAX  + Trs  + 5ms where AGC and fine timing are required. It is already agreed in last meeting that AGC and fine timing can be performed based temporary RS. As we know, in R15 the AGC adjustment is the occasion when all active serving cells and SCells being activated are transmitting SSB bursts in the same slot in case of intra-band SCell activation. For AGC based on temporary RS, it is not realistic to request temporary RS transmission on other activated serving cells. In our understanding, temporary RS is used to expedite SCell activation and only transmitted on the to-be-activated SCells.

One can say that AGC adjustment can be performed on the occasion when temporary RS on the to-be-activated SCell and SSB burst on active serving cells are transmitted in the same slot. However this will restrict temporary RS within SMTC. The motivation of introducing temporary RS is to fasten the activation time. If the temporary RS shall be aligned with SSB on the active serving cell, then SCell activation time is restricted by SSB which is similar as R15. Therefore the gain of reduction SCell activation delay will be highly limited. 

In our understanding, AGC adjustment can be performed on its own frequency without waiting for RS on other activated serving cells in the same band in the same slot. Anyway UE has the information of the RS signal on activated serving cell. On the occasion when UE performs AGC, UE can consider temporary RS on to-be-activated SCell and RS on the activated serving cells which is not required to be transmitted in the same slot.
However some companies think it depends on UE capability and implementation and it is not always unrealistic to have RS on the other serving cells at the same time. The temporary RS on the target cell being activated can be aligned with not only SMTC, but also TRS on the other cells [4]. As this issue has been discussed for two meeting cycles, there are still two opposite positions. A compromise tradeoff is to introduce UE capability to adapt different UE implementation.
Proposal 11: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms,  AGC adjustment is performed based on temporary RS on the to-be-activated SCell and another RS and/or SSB (burst) on the other activated serving cell in the same band, 

· Whether these RSs are required to be transmitted in the same slot depends on UE capability.

· Inform RAN2 the new UE capability.

· SCell being activated is unknown and belongs to FR1

In R15 Tactivation_time is specified as TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms. When SCell being activated is unknown, UE needs to perform AGC (2 SSB), cell detection (1 SSB) and then fine time-frequency tracking (1 SSB). 

In the last meeting, consensus is reached for the intra-band continuous CA case [3].
	· When SCell is contiguous to an active serving cell in the same band (Intra-band continuous CA)

· UE can perform AGC adjustment based on temporary RS; 

· One temporary RS burst with only “2-slot with four CSI-RSs resources (4 samples)” is required when the power difference in serving cell and to be activated Scell is smaller than or equal to 6dB.

· No cell detection provided the conditions specified for intra-band contiguous CA case in TS38.133 section 8.3.2 are satisfied;

· UE can perform time-frequency tracking based on temporary RS

· One temporary RS burst with only “2-slot with four CSI-RSs resources (4 samples)” is required.

· The agreements above apply based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798.




There is no conclusion on whether/how much benefit can be achieved for the temporary RS based SCell activation in other scenarios (when SCell is non-contiguous to an active serving cell in the same band, and when SCell to be activated and active serving cell are in the different band).
· Intra-band non-continuous CA(i.e., SCell is non-contiguous to an active serving cell in the same band)

· From synchronization perspective, for intra-band non-continuous CA, MRTD is 3us which is larger than CP length when SCS is 30kHz. Moreover as the SCell being activated has not be identified by UE, there is no any timing information of the SCell. Thus it is not feasible for the SCell to reuse the timing of active serving cell in the same band. In other words, UE can not correctly detect temporary RS. Then AGC adjustment shall be based on SSB. 

· Cell detection shall be based on SSB as well. After cell detection, the coarse timing is acquired. 
· In intra-band CA, co-located deployment is applied. Thus the TCI of temporary RS can be QCLed with PDCCH on active serving cell. In other words, the network knows how to transmit temporary RS.
· After cell detection, the temporary RS can be correctly detected by UE. Afterwards UE can perform temporary RS based time/frequency tracking.
Consequently in this scenario, UE performs AGC adjustment, cell detection based on SSB, and performs time-frequency tracking based on temporary RS. One temporary RS burst is required.
· Inter-band CA

· The situation of inter-band CA is similar as intra-frequency non-continuous CA as MRTD=33us and the SCell being activated is unknown to UE. Thus UE shall perform AGC adjustment based on SSB.

· Cell detection shall be based on SSB as well. After cell detection, the coarse timing is acquired. 
Proposal 12: When SCell to be activated is unknown and belongs to FR1
· Intra-band non-continuous CA and inter-band CA

- UE performs AGC adjustment, cell detection based on SSB

 -UE performs time-frequency tracking based on temporary RS. 

-One temporary RS burst is required.
· SCell to be activated belongs to FR2

There is good progress on FR2 SCell activation in last meeting. The agreements are duplicated as below [3].
	· SCell to be activated belongs to FR2
· If there is at least one active serving cell on that FR2 band and temporary RS for the target SCell is provided, no matter whether the SCell to be activated is known or unknown 

· Temporary RS can be used for time/ frequency tracking

· 1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required
· If there is no active serving cell on that FR2 band, and the SCell to be activated is known to UE

· Temporary RS can be used for fine timing tracking

· 1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required

· 


There is only one issue left for the unknown case and no active serving cell on that FR2 band [5],
	· If the SCell being activated is unknown and there is no active serving cell on that FR2 band, 

· Temporary RS can not be used for AGC

· No conclusion on whether to consider the case for temporary RS based time/frequency tracking to enhance SCell activation latency.


If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band, UE needs to perform AGC adjustment and cell detection firstly. In FR2 UE shall perform RX beam sweeping, accordingly network shall transmit multiple consecutive beams (may be up to dozens of beams) in a periodic-like manner. We don’t think temporary RS is suitable for consecutive transmission. In our understanding, temporary RS is temporary. And as the bandwidth of temporary RS is large, consecutive transmission will extremely increase the network payload. Meanwhile the motivation of introducing temporary RS is not for beam management. Thus temporary RS can not be used for AGC adjustment. 

After SSB AGC adjustment, cell detection, L1-RSRP measurement and reporting, the best RX beam is determined. Afterwards fine timing doesn’t need RX beam sweeping. As the coarse timing is acquired through cell detection, the temporary RS can be correctly detected. In theory the temporary RS based time/frequency tracking can be performed. However as the dozens of SSB bursts are required for AGC adjustment, cell detection and L1-RSRP measurement, the gain of introducing temporary RS is not outstanding. Therefore to proceed the progress, we don’t insist to apply temporary RS for the FR2 unknown case.
Proposal 13: If the SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band, 

· Temporary RS can not be used for AGC

· It is not suggested that temporary RS is used for time-frequency tracking.
4. Conclusion
This contribution presents discussions on further Multi-RAT Dual-Connectivity enhancements. Firstly the work plan is provided, then the RRM impact are analysed, finally further analysis on the remaining issues for efficient activation/de-activation mechanism for SCells. Below we summarize our proposal:

Proposal 1: The inter-SN conditional PSCell change requirements can reuse the existing conditional PSCell change requirements specified in clause 8.11B.

Proposal 2: Conditional PSCell addition delay shall be specified.

Propsal3: The RRM requirements of coexistence of CHO and CPAC are discussed until RAN2 has completed the concrete solutions.
Proposal 4: PSCell activation delay shall be specified and the detailed schemes wait for RAN2.

Proposal 5: The requirements for RLM on deactivated PSCell are supposed to be specified if RAN2 decides to do so.

Proposal 6: The requirements for BFD/BFR/beam management on deactivated PSCell are supposed to be specified if RAN2 decides to do so.

Proposal 7: The L3 measurement requirements on deactivated PSCell can be discussed in RAN4.

Proposal 8: Focus on the main functionality of SCG activation/deactivation and the requirements for other enhancements are deprioritized.

Proposal 9: SCell activation delay and interruption based on temporary RS shall be specified.

Proposal 10: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms,  either option 1 or option 2 of the gap between the RS symbols for AGC and the RS symbols for time/frequency acquisition is acceptable.

Proposal 11: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms,  AGC adjustment is performed based on temporary RS on the to-be-activated SCell and another RS and/or SSB (burst) on the other activated serving cell in the same band, 

· Whether these RSs are required to be transmitted in the same slot depends on UE capability.

· Inform RAN2 the new UE capability.

Proposal 12: When SCell to be activated is unknown and belongs to FR1
· Intra-band non-continuous CA and inter-band CA

- UE performs AGC adjustment, cell detection based on SSB

 -UE performs time-frequency tracking based on temporary RS. 

-One temporary RS burst is required.
Proposal 13: If the SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band, 

· Temporary RS can not be used for AGC

· It is not suggested that temporary RS is used for time-frequency tracking.
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