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1. Introduction

The WI on Further Multi-RAT Dual-Connectivity enhancements was approved in [RP-201040]. One objective is to support 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][4] are sent to RAN1. Some remaining issues are still left. This paper continues to provide the analysis on the remaining issues, and provide the corresponding requirements.
2. Discussion
2.1. Remaining issues 
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 R15/R16, both AGC and fine timing are based on SSB, the time interval between two consecutive SSB burst is one SMTC periodicity. In R17 CA/DC enhancement, when AGC and fine timing are based on temporary RS, according to RAN1 working assumption, the interval between two TRS bursts is 10 OFDM symbol. This time interval is not sufficient for AGC application. In RAN4#98bis-e 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. However the concrete value of the gap length is not determined. There are two options:
· Option 1: 2 slots

· Option 2: 2 ms
If no consensus can be reached, introducing a UE capability to adapt different UE implementation may be a compromised way.
Proposal 1: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms, the gap between the RS symbols for AGC and the RS symbols for time/frequency acquisition can depend on UE reported capability.
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 temporary RS based AGC, it is not realistic to request temporary RS transmission on other already activated serving cells, as temporary RS is 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 activated 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 layer 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 receive level 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 was obtained previously. 
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 three meeting cycles, there are still two opposite positions. A compromise tradeoff is to introduce UE capability to adapt different UE implementation. In detail, UE reports capability which indicates whether UE requires to receive another RS transmitted also on the other activated serving cell in the same band in the same slot.
Proposal 2: 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.

2.2. Temporary RS based SCell activation delay
As per the achieved agreements during the discussion in previous meetings, except the above two open issues. the frame of temporary RS based SCell activation is summarized as below:

	· SCell to be activated is known and belongs to FR1 [R4-2104067]
· 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 based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798.
· 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

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

· 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.

· SCell is unknown and belongs to FR1 [R4-2105799]
· 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.

· When SCell to be activated is non-contiguous to an active serving cell in the same band, or

· When SCell to be activated and active serving cell are in the different band [R4-2108364]

· It is not a target scenario for temporary RS based SCell activation latency optimization.
· The agreement above applies based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798

· SCell to be activated belongs to FR2 [R4-2104067]

· 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 [R4-2105799]

· 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 [R4-2105799]

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

· If the SCell being activated is unknown and there is no active serving cell on that FR2 band, [R4-2108364]

· It is not a target scenario for temporary RS based SCell activation latency optimization.
· The agreement above applies based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798




It is noted that in the last meeting, for FR1 known case in R15, the condition of “SCell measurement cycle is equal to or smaller than 160ms” is replaced by “if the measurement period of the SCell being activated is equal to or smaller than [2400ms]” in [R4-2108186]. Therefore the agreements achieved in this WI will make the corresponding updating.
In RAN1#105e, the following progress are made,
	Agreements:

· For efficient activation of Scells, the triggered temporary RS is aperiodic.

· For efficient activation of a Scell (in known Scell case), at least the number of temporary RS bursts is indicated by a field in new MAC-CE

· The number of temporary RS bursts is RRC configurable.

· FFS: which field in MAC-CE is used and how this field is associated with the number of bursts

· For the purpose of designing temporary RS Scell activation, there is no RAN1 specification impact for the case where the number of indicated temporary RS bursts is smaller than what is expected by the UE

· To trigger temporary RS for efficient activation of SCells, the contents of the triggering MAC-CE(s) in a single PDSCH provide at least the following information (explicitly or implicitly):

· Whether or not temporary RS is triggered

· FFS detailed Information of temporary RS, e.g.: 

· Resources used for triggered Temporary RS

· Triggering time offset of triggered Temporary RS

· QCL source for triggered Temporary RS

· FFS: Detailed signaling structure of the triggering MAC-CE(s) including the down-selection between the following example options and whether the decision should be made in RAN1 or RAN2

· Opt. 1.1: One new MAC CE for both SCell activation triggering and corresponding temporary RS triggering

· Opt. 1.2: One R15/16 SCell activation MAC CE for SCell activation triggering and one new MAC CE (in the same PDSCH) for corresponding temporary RS triggering

· For efficient activation of a Scell (in known Scell case), the triggering offset of temporary RS is indicated by a field in new MAC-CE

· The candidate value(s) of triggering offset(s) is RRC configurable

· FFS: which field in MAC-CE is used and how this field is associated with the value of triggering offset

· For the reference slot for triggering offset of temporary RS

· Option 2: the last DL slot of the to-be-activated Scell overlapping with slot n+k as defined in 38.213 sub-clause 4.3

· FFS: the earliest slot no earlier than the reference slot for a UE to receive a triggered temporary RS

· If a UE measures a temporary RS triggered by a MAC-CE during SCell activation procedure, the measurement is performed within the BWP bandwidth of BWP indicated by firstActiveDownlinkBWP-Id



It is observed that it is not decided whether one MAC CE or two separate MAC CE(s) to trigger SCell activation and temporary RS in RAN1.To proceed the RRM requirements discussion in RAN4, in the following the temporary RS based SCell activation delay requirements are summarized in Table 1 and Table 2 assuming one MAC CE is used. When RAN1 has different conclusion, the requirements will update accordingly.
Table 1. Temporary RS based SCell activation delay in FR1 assuming one MAC CE is used
	Scell activation on FR1
	Condition
	Requirements

	SCell is known
	the measurement period of the SCell being activated is equal to or smaller than [2400ms]
	TFirst_temp_RS +5ms
*Note: 1 temporary RS burst is used for time/frequency tracking

	
	the measurement period of the SCell being activated is larger than [2400ms]
	[TFirst_temp_RS  or TFirst_temp_RS_MAX] +Tgap+ Ttemp_RS +5ms
*Note: 1 temporary RS burst is used for AGC and 1 separate burst is required for time-frequency tracking;

*Note: Gap between TRS burst for AGC and TRS burst for time-frequency tracking is required.
*Note: whether 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 in the same slot is FFS.

	SCell is unknown
	SCell is contiguous to an active serving cell in the same band
	[TFirst_temp_RS  or TFirst_temp_RS_MAX]+ Tgap+ Ttemp_RS + 5ms；
*Note: 1 temporary RS bursts is  required for AGC and one temporary RS burst is required for time-frequency tracking respectively

*Note: Gap between TRS burst for AGC and TRS burst for time-frequency tracking is required.
*Note: whether 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 in the same slot is FFS.


Table 2. Temporary RS based SCell activation delay in FR2 assuming one MAC CE is used
	SCell activation on FR2
	Condition
	Requirements

	at least one active serving cell on that FR2 band
	SMTC of target SCell is provided
	TFirst_temp_RS +5ms
*Note: 1 temporary RS burst is used for time/ frequency tracking

	
	No SMTC is not provided
	3ms

	 
  
No active serving cell on that FR2 band
	 
target SCell is known to UE
	semi-persistent CSI-RS is used for CSI reporting:

3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)
*Note: 1 temporary RS burst is used for time/ frequency tracking

	
	
	periodic CSI-RS is used for CSI reporting:

max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)
*Note: 1 temporary RS burst is used for time/ frequency tracking


notation:
- TFirst_temp_RS: is the time to the end of the first complete temporary RS burst after slot n +  [image: image2.png]



-TFirst_temp_RS_MAX: this needs temporary RS on the to-be activiated SCell and the RS on the all active serving cells are transmitted in the same slot. Whether TFirst_temp_RS or TFirst_temp_RS_MAX is applied depends on the conclusion of the open issue.
-Tgap: gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition
-Ttemp_RS: Temporary RS burst length.

-TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and the timing of first complete available temporary RS burst corresponding to the TCI state.
Proposal 3: Temporary RS based SCell activation delay for FR1 and FR2 summarized in Table 1 and Table 2 can be used as a starting point.
2.3. Interruption requirements due to temporary RS based SCell activation
The existing interruption requirements due to SSB based SCell activation are defined as below, 
	When one SCell in SCG is activated or deactivated:

-
an interruption on any serving cell in SCG:

-
of up to X2 slot, if the active serving cell and the SCell being activated or deactivated are in a FR1 band pair or in a FR1+FR2 band pair.

-
of up to X2 slot, if the active serving cells and the SCells being activated or deactivated are in a FR2 band pair and UE is capable of independent beam management on this FR2 band pair.

or

-
of up to Y2 slot + TSMTC_duration if the active serving cells are in the same band as any of the SCells being activated or deactivated, provided the cell specific reference signals from the active serving cells and the SCells being activated or deactivated are available in the same slot, where, TSMTC_duration is

-
the longest SMTC duration among all above active serving cells in SCG and the SCell being activated when one SCell is activated;

-
the longest SMTC duration among all above active serving cells in SCG when one SCell is deactivated.

Where X2 and Y2 are specified in Table 8.2.1.2.4-2.


The glitch time X2, Y2 due to RF adjustment is supposed to keep unchanged. The interruption when the active serving cells are in the same band as any of the SCells being activated or deactivated considers TSMTC_duration additionally. For temporary RS based SCell activation, the additional part depends on the secondary open issue in the LS. RAN4 can wait for the conclusion.
Proposal 4: Interruption requirements due to temporary RS based SCell activation depends on the secondary open issue in the LS.
3. Conclusion
This contribution presents discussions on further Multi-RAT Dual-Connectivity enhancements. Further analysis on the remaining issues for efficient activation/de-activation mechanism for SCells are provided. Below we summarize our proposals:

Proposal 1: When SCell to be activated is known and belongs to FR1, if SCell measurement cycle is larger than 160ms, the gap between the RS symbols for AGC and the RS symbols for time/frequency acquisition can depend on UE reported capability.

Proposal 2: 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 3: Temporary RS based SCell activation delay for FR1 and FR2 summarized in Table 1 and Table 2 can be used as a starting point.

Table 1. Temporary RS based SCell activation delay in FR1 assuming one MAC CE is used
	Scell activation on FR1
	Condition
	Requirements

	SCell is known
	the measurement period of the SCell being activated is equal to or smaller than [2400ms]
	TFirst_temp_RS +5ms
*Note: 1 temporary RS burst is used for time/frequency tracking

	
	the measurement period of the SCell being activated is larger than [2400ms]
	[TFirst_temp_RS  or TFirst_temp_RS_MAX] +Tgap+ Ttemp_RS +5ms
*Note: 1 temporary RS burst is used for AGC and 1 separate burst is required for time-frequency tracking;

*Note: Gap between TRS burst for AGC and TRS burst for time-frequency tracking is required.
*Note: whether 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 in the same slot is FFS.

	SCell is unknown
	SCell is contiguous to an active serving cell in the same band
	[TFirst_temp_RS  or TFirst_temp_RS_MAX]+ Tgap+ Ttemp_RS + 5ms；
*Note: 1 temporary RS bursts is  required for AGC and one temporary RS burst is required for time-frequency tracking respectively

*Note: Gap between TRS burst for AGC and TRS burst for time-frequency tracking is required.
*Note: whether 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 in the same slot is FFS.


Table 2. Temporary RS based SCell activation delay in FR2 assuming one MAC CE is used
	SCell activation on FR2
	Condition
	Requirements

	at least one active serving cell on that FR2 band
	SMTC of target SCell is provided
	TFirst_temp_RS +5ms
*Note: 1 temporary RS burst is used for time/ frequency tracking

	
	No SMTC is not provided
	3ms

	 
  
No active serving cell on that FR2 band
	 
target SCell is known to UE
	semi-persistent CSI-RS is used for CSI reporting:

3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)
*Note: 1 temporary RS burst is used for time/ frequency tracking

	
	
	periodic CSI-RS is used for CSI reporting:

max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)
*Note: 1 temporary RS burst is used for time/ frequency tracking


Proposal 4: Interruption requirements due to temporary RS based SCell activation depends on the secondary open issue in the LS.
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1. Overall Description:

RAN4 thanks the LS from RAN1 on temporary RS for efficient SCell activation in NR CA. In RAN4#98e and RAN4#98bis-e, LS reply on partial questions was sent to RAN1 respectively. During this RAN4 meeting, RAN4 further discussed the remaining questions and achieved the following conclusions:

Q1: to expedite SCell activation, RAN1 is studying whether and under which conditions (e.g. FR1/FR2, known/unknown cell, etc.), how many temporary RS bursts/symbols are required to achieve both UE AGC setting and time/frequency tracking. Does RAN4 have any information to share for these aspects?

[RAN4 Response]: 
· SCell to be activated is known and belongs to FR1 and if the measurement period of the SCell being activated is larger than [2400ms]. It is confirmed in previous LS reply that 
· 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

· 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.
In this meeting RAN4 further discussed the minimum gap length and think it depends on UE capability. 2 slots or 2ms gap length is reported by UE depending on UE implementation capability.
In addition, RAN4 would like to inform RAN1 an information that for the case where SCell to be activated is known and belongs to FR1, the condition of “SCell measurement cycle is larger than/less than/equal to 160ms” is replaced by the condition “the measurement period of the SCell being activated is larger than/less than/equal to [2400ms]”.

Q2: for AGC setting in intra-band CA comprising of a to-be-activated SCell and an activated serving cell, when a temporary RS is transmitted on the to-be-activated SCell, whether and under which conditions (e.g., FR1/FR2, known/unknown cell, etc.) the UE may require to receive another RS transmitted also on the other activated serving cell in the same band?

[RAN4 Response]: RAN4 understand Q2 focus on two cases:

· SCell to be activated is known and belongs to FR1, if the measurement period of the SCell being activated is larger than [2400ms]. 
· SCell is unknown and belongs to FR1, and SCell is contiguous to an active serving cell in the same band

In these cases 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. 

· The UE capability indicates whether UE has capability to perform AGC 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 in the different slot.
2. To RAN WG1 and WG2 group. 

ACTION: 
RAN4 respectfully ask RAN1 to take the above agreements into account and ask RAN WG2 to take the new capability into account for designing corresponding capability signalling in Rel.17.
3. Date of Next TSG-RAN WG4 Meetings:

TSG-RAN4 Meeting #100-bis-e

Online

TSG-RAN4 Meeting #101-e

Online
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