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1. Introduction

The WI on Further Multi-RAT Dual-Connectivity enhancements was approved in [1]. One objective is to expedite SCell activation. RAN1 sent one LS to RAN4 at last meeting, the content is duplicated as below.
	1. Overall Description:
With respect to efficient SCell activation for NR CA, RAN1 would like to ask RAN4 the following questions,
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?

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?

Q3: does the RAN1 working assumption for temporary RS (i.e., reuse existing Rel-15/16 TRS structure) provides reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of TS 38.133)? Also, are there any suggested changes from RAN4 perspective?

One temporary RS burst in the above questions is referred to the working assumption made in this RAN1 meeting for the structure of temporary RS, as in Appendix. 



This contribution provides the analysis on temporary RS for efficient SCell activation and try to provide the answers to the questions.
2. Discussion
2.1. Temporary RS for fine timing and AGC
The temporary RS has been discussed in RAN1 and the working assumption is reusing TRS structure.
	Agreements:

As working assumption, with respect to efficient SCell activation, reuse existing Rel-15/16 TRS structure for temporary RS

· FFS: how many burst/symbols are required for both AGC settling and Time/Frequency tracking for different cases, e.g. FR1 and FR2, known and unknown SCell

· A burst of temporary RS is notated as in S5.1.6.1.1 of TS 38.214

· “2-slot with four CSI-RSs resources (4 samples)” for FR1

· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2

· The working assumption can be confirmed after RAN4 check. (A LS for such request is planned).


As we know, in NR R15 TRS has been verified that it can work well for time/frequency tracking. Then from time/frequency tracking perspective, a burst of temporary RS can be
·  “2-slot with four CSI-RSs resources (4 samples)” for FR1

· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2

For AGC adjustment, UE needs to receive RSSI on the reference signal. AGC adjustment is not sensitive to the RS density. The current TRS structure is sufficient for AGC adjustment. 
Observation1: From time/frequency tracking and AGC perspective, a burst of temporary RS can be
·  “2-slot with four CSI-RSs resources (4 samples)” for FR1

· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2

Observation 1 is just to confirm that the existing TRS can be as working assumption for temporary RS. As we know the SCell activation includes multiple scenarios, e.g., FR1/FR2, known/unknown. The summary of SCell activation delay in R15 is listed as below.

	Scell activation on FR1
	Condition
	Requirements

	 
 
SCell is known
	SCell measurement cycle is equal to or smaller than 160ms
	TfirstSSB +5ms

	
	SCell measurement cycle is larger than 160ms
	TFirstssb_MAX +Trs +5ms

	SCell is unknown
	 
	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms；


	SCell activation on FR2
	Condition
	Requirements

	at least one active serving cell on that FR2 band
	SMTC of target SCell is provided
	TfirstSSB +5ms

	
	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)

	
	
	periodic CSI-RS is used for CSI reporting:

max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ)

	
	  

target SCell is unknown to UE
	semi-persistent CSI-RS is used for CSI reporting:

6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  
+ THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)

	
	
	periodic CSI-RS is used for CSI reporting:

3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report 
+ max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}


 In the following we try to analyze whether temporary RS can be worked in different scenarios.
2.2. SCell being activated belongs to FR1
2.2.1. SCell being activated is known
In R15 and R16, the AGC adjustment and time/frequency tracking is based on SSB. After the temporary RS is introduced, the UE needs to determine whether the timing of the temporary RS on the deactivated SCell can be obtained.
If SCell being activated is known, it means that UE had identified the SCell and the symbol level is already acquired. The timing information of PCell is known to UE including SFN, frame boundary, slot boundary. In CA scenario, MRTD for intra-band non-contiguous is 3us and MRTD for inter-band is 33us. 33us MRTD is relative to 1OS of 30kHz SCS SSB and half OS of 15kHz SSB. As SSB burst has 4OS, and the SSB index positions within half frame is pre-defined, the SSB index of SCell being activated can be derived from PCell. Then the full timing information of the SCell can be acquired (including symbol boundary, slot boundary, frame boundary and SFN). Consequently UE can detect the temporary RS correctly if network configured/triggered.

Observation2: When SCell being activated is known and belongs to FR1, UE can detect the temporary RS correctly as the coarse timing information of the SCell can be acquired.

As temporary RS can be correctly detected by UE, the AGC adjustment based on temporary RS can be discussed in two cases:
· Case 1: SCell measurement cycle is equal to or smaller than 160ms
In R15 Tactivation_time is TFirstSSB + 5ms. No AGC and one fine timing acquisition is required. Based on observation 2, fine timing can be performed based temporary RS. When temporary RS is configured/triggered, Tactivation_time can be expressed as TFirst_tempRS + 5ms where TFirst_tempRS is the time to the end of the first complete temporary RS burst.
· Case 2: SCell measurement cycle is larger than 160ms
In R15 Tactivation_time is TFirstSSB_MAX  + Trs  + 5ms where AGC and fine timing are required. Based on observation 2, 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 on other activated serving cells. Alternative is AGC adjustment is performed on the occasion when temporary RS on the SCell and SSB burst on active serving cells are transmitted in the same slot. However this will restrict temporary RS within SMTC and the gain of reduction SCell activation delay is not foreseen. In our understanding, AGC adjustment can be performed on its own frequency without considering other RS on other activated serving cells in the same band. 
After AGC adjustment, the fine timing can also be based on temporary RS. Then when temporary RS is configured/triggered, Tactivation_time can be expressed as TFirst_tempRS + TTempRS+ 5ms where TFirst_tempRS is the time to the end of the first complete temporary RS burst, and TTempRS is temporary RS burst.
Proposal 1: when SCell being activated is known and belongs to FR1,

-if SCell measurement cycle is equal to or smaller than 160ms, fine timing can be performed based temporary RS;

-if SCell measurement cycle is larger than 160ms,

-AGC adjustment can be performed on temporary RS on its own frequency without considering other RS on other activated serving cells in the same band;

-fine timing can be performed based temporary RS.
2.2.2. SCell being activated is unknown
In R15 Tactivation_time is TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms. When SCell being activated is unknown, UE needs to perform AGC and then cell detection. In the following, the AGC adjustment and fine timing are analysed separately.
· AGC adjustment
· Case1： intra-band CA
· Case 1a: when the power difference between SCell being activated and activated serving cells is less than a threshold

The AGC gain for activated serving cell can be reused for the SCell being activated. Thus in case 1a, AGC adjustment can be skipped.
Proposal 2: When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is less than a threshold, no AGC is required.
· Case 1b: when the power difference between SCell being activated and activated serving cells is larger than a threshold
For intra-band continuous CA, MRTD is 260ns which is far smaller than CP. Thus the coarse timing of SCell being activated can be based on PCell. In this case, UE can correctly detect temporary RS and perform AGC adjustment accordingly.
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 possible for the SCell to reuse the timing of PCell. In other words, UE can not correctly detect temporary RS. Then AGC adjustment shall be based on SSB. Of course, if the coarse timing can be obtained (e.g., network can guarantee small time difference even in intra-band non-continuous CA), AGC can still be performed based on temporary RS.
Proposal 3: When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is larger than a threshold, 
· For intra-band continuous CA, UE can perform AGC adjustment based on temporary RS.
· For intra-band non-continuous CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained.
· Case2： 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.
Proposal 4: When SCell being activated is unknown and belongs to FR1, for inter-band CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained.

· Fine timing

When AGC is adjusted to a proper gain, UE performs SSB based cell detection. Then the coarse timing is acquired. Up to now, the temporary RS can be correctly detected by UE. Afterwards UE can perform temporary RS based time/frequency tracking.
Proposal 5: When SCell being activated is unknown and belongs to FR1, UE can perform temporary RS based time/frequency tracking.
2.3. SCell being activated belongs to FR2
· SCell is unknown and no active serving cell on that FR2 band

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 increase payload. Meanwhile the motivation of introducing temporary RS is not for beam management. Thus temporary RS based AGC adjustment may not be such appropriate. 
After 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. Then temporary RS based time/frequency tracking can be performed.

Proposal 6: If the SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band, 
· AGC adjustment shall be based on SSB;

· Fine timing can be based on temporary RS.
· Other cases

According to R15 SCell activation requirements in FR2, no AGC is required in the following cases：
- at least one active serving cell on that FR2 band
- target SCell is known to UE and no active serving cell on that FR2 band

In these cases, it is straight forward to use temporary RS for fine timing.
Proposal 7: if the SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, or target SCell is known to UE and no active serving cell on that FR2 band, fine timing can be based on temporary RS.
Based on the discussion in section 2.2 and 2.3, Table.1 provides a summary on which condition and whether AGC and fine timing tracking can be based on temporary RS.

Table 1. Summary on AGC and fine time tracking based on temporary RS
	FR
	Condition
	AGC based on temporary RS
	Fine timing based on temporary RS

	FR1
	SCell is known
	SCell measurement cycle is equal to or smaller than 160ms
	n/a
	Y

	
	
	SCell measurement cycle is larger than 160ms
	Y
	Y

	
	SCell is unknown
	Intra-band CA
	Power imbalance<thresh.
	n/a
	Y

	
	
	
	Power imbalance>thresh
	intra-band continuous CA
	Y
	Y

	
	
	
	
	intra-band non-continuous CA
	N
	Y

	
	
	Inter-band CA
	N
	Y

	FR2
	SCell being activated is known to UE and no active serving cell on that FR2 band
	n/a
	Y

	
	SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, or 
	n/a
	Y

	
	SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band
	N
	Y


2.4. SCell activation delay reduction
SSB based AGC and fine timing depends on SMTC periodicity. The typical configuration of SMTC periodicity is 20ms, 40ms, 80ms in practical network deployment. Then the SCell activation delay highly depends on SMTC periodicity.
As temporary RS is triggered aperiodic, the delay reduction due to temporary RS based AGC and/or fine timing can be foreseen. Especially in the case that both AGC adjustment and fining time are based on temporary RS, the temporary RS can be triggered/configured in consecutive slots, then AGC and fine timing can be completed within several slots. The delay reduction is considerable. In summary, temporary RS provides reduction in maximum activation delay.
Proposal 8: Temporary RS provides reduction on maximum activation delay.
3. Conclusion
This contribution provides the analysis on temporary RS for efficient SCell activation and try to provide the answers to the questions. The observations and proposals are as below. In annex 5, draft LS reply is provided as well.
Observation1: From time/frequency tracking and AGC perspective, a burst of temporary RS can be
·  “2-slot with four CSI-RSs resources (4 samples)” for FR1

· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2

Observation2: When SCell being activated is known and belongs to FR1, UE can detect the temporary RS correctly as the coarse timing information of the SCell can be acquired.
Proposal 1: when SCell being activated is known and belongs to FR1,

-if SCell measurement cycle is equal to or smaller than 160ms, fine timing can be performed based temporary RS;

-if SCell measurement cycle is larger than 160ms,

-AGC adjustment can be performed on temporary RS on its own frequency without considering other RS on other activated serving cells in the same band;

-fine timing can be performed based temporary RS.
Proposal 2: When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is less than a threshold, no AGC is required.
Proposal 3: When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is larger than a threshold, 
· For intra-band continuous CA, UE can perform AGC adjustment based on temporary RS.
· For intra-band non-continuous CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained..
Proposal 4: When SCell being activated is unknown and belongs to FR1, for inter-band CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained..

Proposal 5: When SCell being activated is unknown and belongs to FR1, UE can perform temporary RS based time/frequency tracking.
Proposal 6: If the SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band, 
· AGC adjustment shall be based on SSB;

· Fine timing can be based on temporary RS.
Proposal 7: if the SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, or target SCell is known to UE and no active serving cell on that FR2 band, fine timing can be based on temporary RS.
Proposal 8: Temporary RS provides reduction on maximum activation delay.
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1. Overall Description:

RAN4 thanks the LS from RAN1 on temporary RS for efficient SCell activation in NR CA. RAN4 has discussed these questions in RAN4#98e and achieve 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 activation includes multiple scenarios (e.g. FR1/FR2, known/unknown cell, etc.). RAN4 had drawn the following conclusions on in which condition time/frequency tracking and/or AGC setting can be based on temporary RS:

· When SCell being activated is known and belongs to FR1,

-if SCell measurement cycle is equal to or smaller than 160ms, fine timing can be performed based temporary RS;

-if SCell measurement cycle is larger than 160ms,

- AGC adjustment can be performed on temporary RS on its own frequency without considering other RS on other activated serving cells in the same band;

-fine timing can be performed based temporary RS.

· When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is less than a threshold, no AGC is required. Fine timing can be based on temporary RS

· When SCell being activated is unknown and belongs to FR1, and if the power imbalance between the SCell and activated serving cells in the same band is larger than a threshold, 

-For intra-band continuous CA, UE can perform AGC adjustment based on temporary RS. Fine timing can be based on temporary RS

-For intra-band non-continuous CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained. Fine timing can be based on temporary RS
· When SCell being activated is unknown and belongs to FR1, for inter-band non-continuous CA, UE shall perform AGC adjustment based on SSB as the coarse timing is not obtained. Fine timing can be based on temporary RS

· If the SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band, 

-
AGC adjustment shall be based on SSB;

-
Fine timing can be based on temporary RS.

· If the SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, or target SCell is known to UE and no active serving cell on that FR2 band, fine timing can be based on temporary RS.

The following table provides a summary.
	FR
	Condition
	AGC based on temporary RS
	Fine timing based on temporary RS

	FR1
	SCell is known
	SCell measurement cycle is equal to or smaller than 160ms
	n/a
	Y

	
	
	SCell measurement cycle is larger than 160ms
	Y
	Y

	
	SCell is unknown
	Intra-band CA
	Power imbalance<thresh.
	n/a
	Y

	
	
	
	Power imbalance>thresh
	intra-band continuous CA
	Y
	Y

	
	
	
	
	intra-band non-continuous CA
	N
	Y

	
	
	Inter-band CA
	N
	Y

	FR2
	SCell being activated is known to UE and no active serving cell on that FR2 band
	n/a
	Y

	
	SCell being activated belongs to FR2 and there is at least one active serving cell on that FR2 band, or 
	n/a
	Y

	
	SCell being activated is unknown and belongs to FR2 and if there is no active serving cell on that FR2 band
	N
	Y


For fine timing, one temporary RS burst is required. 

For AGC setting, 

-one temporary RS burst is required when SCell being activated is known and belongs to FR1 and SCell measurement cycle is larger than 160ms;

-two temporary RS bursts are required when SCell being activated is unknown in intra-band continuous CA FR1, and if the power imbalance between the SCell and activated serving cells in the same band is larger than a threshold.

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]: AGC adjustment can be performed on its individual frequency without considering other RS on other activated serving cells in the same band.
Q3: does the RAN1 working assumption for temporary RS (i.e., reuse existing Rel-15/16 TRS structure) provides reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of TS 38.133)? Also, are there any suggested changes from RAN4 perspective?

[RAN4 Response] the delay reduction due to temporary RS based AGC and/or fine timing can be foreseen. Especially in the case that both AGC adjustment and fining time are based on temporary RS, the temporary RS can be triggered/configured in consecutive slots, then AGC and fine timing can be completed within several slots. The delay reduction is considerable.
2. To RAN WG1 group. 

ACTION: 
RAN4 respectfully asks RAN1 to take the above agreements into account.
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