[bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #92Bis	R4-1910918
Chongqing, China, 14th – 18th Oct., 2019        
      

Agenda item:		8.6.3.3
Source:	MediaTek Inc. 
Title:	Discussion on NR fast Scell activation
Document for:		Discussion 
1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In May meeting, RAN2 sent an LS [1] to inform RAN4 to evaluate the 2 solutions for SCells fast returning to the data transfer:As a summary, RAN2 concluded to study two solutions: the ‘dormancy’ behaviour and the temporary 
RS at SCell activation to reduce activation latency (e.g. SSB, CSI-RS or TRS activated after SCell 
activation), which are illustrated in above agreements. To make progress, RAN2 would like to request 
RAN1/RAN4 for input on their feasibility and benefit. For this study, RAN2 focus on latency performance
for fast return to SCell utilisation for data transfer.


According to the RAN2 agreement, the 'dormancy' behavior implies that the UE stops monitoring PDCCH but continues other activities such as AGC and RRM measurement, CSI measurements, and beam management. Besides, in last meeting RAN1 agreed L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated SCells. And they had an email discussion to conclude 3 possible signalling options to support ‘dormancy’ behavior [2].
As for the temporary RS, RAN1 also agreed 2 options and aimed to conclude in RAN1#98bis meeting.  The main difference between these 2 options is: option 1 uses existing signalling to trigger aperiodic/semi-persistent CSI-RS and option 2 aims to construct new RS connection with the activation MAC-CE command. However, no matter which option is preferred, only the SP CSI-RS, aperiodic CSI-RS, SP TRS, and aperiodic TRS are considered to be provided as the temporary RS. 
 



Option 1:
· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  
· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case
· UE receives activation command MAC CE for Scell activation and also aperiodic/semi-persistent CSI-RS for the Scell “at the same time” as the activation command 
· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger
· FFS: if separate requirement based on specific RS configuration

Option 2: Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based Scell activation
· CSI measurement/reporting is based on Rel-15/16 RS(s)
· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.
· FFS between following candidates for enhanced triggering
· Implicit (i.e., Scell activation command reception implies specific RS is triggered like in LTE)
· Separate MAC CE linked to activation MAC CE
· Enhanced activation command MAC CE
· Other candidates not precluded
Note: companies (especially those interested in option 2 should bring ‘full proposals’ covering all design aspects for the next meeting.

In this paper, we further analyze activation time of temporary RS method. We also compare required latency of ‘dormancy’ behavior and temporary RS method for SCells fast returning to the data transfer. Though these 2 methods are both beneficial, it seems that the dormancy behavior method has more latency improvement. Especially, dormancy behavior method improves latency in all scenarios, whereas temporary RS method might not be able to provide gain in unknown cell cases.
2	Discussion  
In [6], a new “dormancy” behavior achieved in BWP level was proposed without introducing SCell dormant state, which is illustrated in Figure 1. If this dormant BWP framework is adopted, the required latency of ‘dormancy’ behavior for fast returning to the data transfer can be restricted within 3ms 
[bookmark: _Ref20862186]Observation 1: The BWP framework could reduce the required latency returning from dormant BWP to active BWP down to 3ms.
[image: ]
[bookmark: _Ref21097573][bookmark: _Ref20831804]Figure 1: illustration of state transition in dormant BWP framework 

In last meeting, RAN4 updated the R15 SCell activation delay requirements [3], we provide a discussion paper [4] and a CR [5] in this meeting for some needed modifications. To make the discussion easier, we summarize the parameter definitions in Appendix for companies to refer. In the following discussion, we provide our analyzation results on latency improvement by introducing temporary RS. 
As we mentioned in the introduction, currently only the SP CSI-RS, aperiodic CSI-RS, SP TRS, and aperiodic TRS are considered to be provided as the temporary RS in RAN1. We first specify some basic principles in our evaluation:
1. UE can only conduct the cell search based on PSS/SSS, which means that the samples of PSS/SSS used for cell search purpose are indispensable in the cases of activating an unknown cell. 
2. Temporary RS is triggered by MAC-CE or DCI 
Assume that one burst of temporary RS consists of 2 temporary RS resources in a slot. The periodicity of this temporary RS is denoted by TtmpRS. 
[image: ]
Figure 2: Temporary RS structure
3. UE needs at least 1 burst to adjust an appropriate AGC gain. 
4. The AGC gain from fine Tx beam can’t refer to the AGC gain for rough Tx beam, and vice versa. Therefore, if SSB is transmitted from rough beam and TRS is transmitted from fine beam, then both RS need their own samples/burst for AGC gain setting. 

[If temporary RS is triggered by MAC-CE]: 
The values of Tactivation_time vary in different scenarios. We list all the components in following tables and provide a typical improved latency value by assuming that
· all MAC CE are received at the same time, i.e., Tuncertainty_MAC=0, and 
· SMTC periodicity and temporary RS periodicity are configured with the setting 20ms and 5ms, respectively. For simplicity, when calculating the typical delays, we use the whole periodicity of SMTC or temporary RS, even if TFirstSSB was used in existing requirements.
In the following, we consider the following cases
	Case #
	Triggering of temporary RS
	Frequency range
	1st SCell in the band
	Known or unknown
	Triggering method of CSI-RS for CQI

	1
	MAC
	FR1
	N.A
	both
	At least periodic

	2
	MAC
	FR2
	No
	N.A
	At least periodic

	3
	MAC
	FR2
	Yes
	known
	Semi-persistent

	4
	MAC
	FR2
	Yes
	known
	Periodic

	5
	MAC
	FR2
	Yes
	unknown
	Semi-persistent or Periodic



1. SCell being activated belongs to FR1: As shown in Figure 3
Here, we assume that UE can utilize both SSB and temporary RS to perform the time-frequency tracking. The one that comes first will be used first. The only change to the requirements is on the component F of Figure 3, where TFirstSSB is replaced by min(1*TFirstSSB, 2* TtmpRS) and Trs is replaced by min(1* Trs, 2* TtmpRS). 
For the case of FR1 unknown cell, if more than 1 SSB are transmitted by Network, Network doesn’t know which temporary RS (beam) should be triggered by MAC CE. Even if RAN1 agrees that temporary RS of all beams can be triggered in one MAC CE, the required time for tracking should be further extended to receive all temporary RSs. Therefore, here we assume that only 1 SSB is configured in FR1.      
	
	B+C
	D
	E
	F
	G
	Tactivation_time
	Typical improved
Tactivation_time

	Know cell
measCycleSCell <=[160ms]
	3ms
	0
	0
	min(1*TFirstSSB, 2* TtmpRS)
	2ms
	5ms+min(1*TFirstSSB, 2*TtmpRS )
	2515ms

	Know cell
measCycleSCell >[160ms]
	3ms
	1*TSMTC_MAX
	0
	min(1* Trs, 2* TtmpRS)
	2ms
	5ms+1*TSMTC_MAX
+min(1*Trs, 2*TtmpRS )
	4535ms

	Unknown cell
	3ms
	2*TSMTC_MAX
	1*Trs
	min(1*Trs, 2* TtmpRS )
	2ms
	5ms+2*TSMTC_MAX
+1*Trs +min(1*Trs, 2*TtmpRS )
	8575ms
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[bookmark: _Ref21095571][bookmark: _Ref20841091]Figure 3: Activation delay for SCell being activated in FR1

2. SCell being activated belongs to FR2 with at least 1 active serving cell on the same band: As shown in Figure 4
For the case of SCell without SMTC (QCL to particular SSB), we assume Network will provide temporary RS for UE to perform time-frequency tracking. Though the latency will be extended, UE can obtain more accurate synchronization results.  
	
	B+C
	F
	G
	Tactivation_time
	Typical improved
Tactivation_time

	SCell with SMTC
	3ms
	min(1*TFirstSSB, 2*TtmpRS )
	2ms
	5ms + min(1*TFirstSSB, 2*TtmpRS )
	2515ms

	SCell without SMTC (QCL to particular SSB)
	3ms
	2*TtmpRS
	0
	5ms + 2*TtmpRS
	315ms



[image: ]
[bookmark: _Ref21095942][bookmark: _Ref20841827]Figure 4: Activation delay for SCell being activated belongs to FR2 with at least 1 active serving cell on the same band

3. Known SCell being activated belongs to FR2 with no active serving cell on the same band (assume SP CSI-RS is provided for CQI report): As shown in Figure 5

Where Tuncertainty_MAC can be further categorized into 2 cases:
· Tuncertainty_MAC_SSB: UE utilizes SSB to perform the time-frequency tracking. The time period between SCell activation command and reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable) are considered.
· Tuncertainty_MAC_tmpRS: UE utilizes temporary RS to perform the time-frequency tracking. The time period between SCell activation command and reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable), and temporary RS TCI are considered.
	
	B+C
	J
	F
	G
	Tactivation_time
	Typical improved
Tactivation_time

	SP CSI-RS 
(TCI MAC-CE indicated)
	SSB: 3ms +Tuncertainty_MAC_SSB 

 TmpRS: 3ms +Tuncertainty_MAC_tmpRS  
	SSB: 1* TFirstSSB_multiMAC-CE 

TmpRS: 2*TtmpRS 

	2ms
	5ms + 
min(Tuncertainty_MAC_SSB +1*TFirstSSB,     
    Tuncertainty_MAC_tmpRS +2*TtmpRS)

	2515ms 



[bookmark: _Ref20842823][image: ]
[bookmark: _Ref21095962]Figure 5: Activation delay for known SCell being activated belongs to FR2 with no active serving cell on the same band (assume SP CSI-RS is provided for CQI report)

4. Known SCell being activated belongs to FR2 with no active serving cell on the same band (assume P CSI-RS is provided for CQI report): As shown in Figure 6
	
	B+C
	J
	F
	G
	Tactivation_time
	Typical improved
Tactivation_time

	P CSI-RS 
(TCI RRC indicated)
	SSB: 3ms +Tuncertainty_MAC_SSB

  TmpRS: 3ms +Tuncertainty_MAC_tmpRS  
	SSB: 1* TFirstSSB_multiMAC-CE 

TmpRS: 2*TtmpRS
	2ms
	max[2ms+min((B+C+J+F)SSB,                
             (B+C+J+F)tmpRS),   
Tuncertainty_RRC+TRRC_delay-THARQ ]
	max(25ms15ms, Tuncertainty_RRC+TRRC_delay-THARQ)


	
	Tuncertainty_RRC+TRRC_delay-THARQ
	
	



[image: ]
[bookmark: _Ref21095974][bookmark: _Ref20851438]Figure 6: Activation delay for known SCell being activated belongs to FR2 with no active serving cell on the same band (assume P CSI-RS is provided for CQI report)

From all above discussion, we see that the temporary RS is able to reduce the activation delay by 10ms, the periodicity of temporary RS is 5ms. 
[bookmark: _Ref21097009]Observation 2: For the known cell cases or FR1 unknown cell case with only 1 transmitted SSB, temporary RS is able to reduce the activation delay by 10ms, with the assumption of 5ms periodicity of temporary RS.

5. Unknown SCell being activated belongs to FR2 with no active serving cell on the same band (assume SP CSI-RS or P CSI-RS is provided for CQI report): As shown in Figure 7
For FR2, multiple SSBs are transmitted by Network. Before UE feedbacks Layer 1 measurement reporting to Network, Network doesn’t know which temporary RS (beam) should be triggered via MAC CE. However, UE has to first perform fine sync before measuring L1-RSRP accurately. This becomes a chicken-and-egg problem. Even if temporary RS of different beams are all triggered by MAC CE, the required overhead is huge and the time for tracking may be long. It seems that temporary RS can’t reduce the activation time in this case.
[image: ]
[bookmark: _Ref21095989][bookmark: _Ref20852341]Figure 7: Activation delay for unknown SCell being activated belongs to FR2 with no active serving cell on the same band (assume SP CSI-RS or P CSI-RS is provided for CQI report)


[If temporary RS is triggered by DCI]: 
In our understanding, the transmission of the DCI should avoid the time when UE switches the RF because of the interruption. The only way to trigger this temporary RS is to allocate DCI on the PDCCH together with the SCell activation command. Considering that temporary RS can’t reduce SCell activation delay for the cases FR2 unknown cells, we focus on known cell here. According to the analysis above, the shortest time that UE is ready for receiving temporary RS resources is THARQ+3ms, aggregating aperiodic RS trigger with SCell activation command solution seems to be applicable. However, the values of aperiodicTriggeringOffset is too short, as specified in current spec TS38.331 (also listed in below Table 1). It defines the offset X between the slot containing the DCI that triggers a set of aperiodic NZP CSI-RS resources and the slot in which the CSI-RS resource set is transmitted. To facilitate the implementation of DCI triggered temporary RS, longer offset is needed.
[bookmark: _Ref21097167][bookmark: _Ref20857633]Table 1: The values of aperiodicTriggeringOffset specified in TS38.331
	aperiodicTriggeringOffset
	0
	1
	2
	3
	4
	5
	6

	Slots number X
	0
	1
	2
	3
	4
	16
	24



[bookmark: _Ref20862188]Observation 3: To facilitate the implementation of DCI triggered temporary RS, longer aperiodicTriggeringOffset is needed. 

According to the above evaluation results, we can conclude that adding temporary RS can only provide latency improvement in both FR1 and FR2 known cell cases or in FR1 unknown cell case with only 1 SSB is transmitted. 
[bookmark: _Ref20862189]Observation 4: Additional temporary RS can only provide latency improvement in both FR1 and FR2 known cell cases or in FR1 unknown cell case with only 1 transmitted SSB..

Although the useful scenarios are very limited and system overhead will be increased a little bit, we confirm the advantages of Network configures temporary RS for UE including:
· Improve time-frequency tracking accuracy
· Improve activation time in both FR1 and FR2 known cell cases or in FR1 unknown cell case with only 1 SSB is transmitted
One thing we would like to emphasize is that UE can’t refer rough Tx beam AGC gain to set the fine Tx beam AGC gain. This problem causes Network needs to send more temporary RS/CSI-RS to UE. From UE perspective, if Network can use an indication to inform UE that the received RE powers of temporary RS/CSI-RS and PSS/SSS are the same. This issue may be resolved. 
[bookmark: _Ref20862191]Observation 5: If Network can inform UE by indicating that the RE powers of temporary RS/CSI-RS and SSB are the same, no extra temporary RS/ CSI-RS is needed for UE to tune the fine beam AGC gain.

We then further compare the latency performance of dormancy behavior and the temporary RS method. As we mentioned in previous discussion, adding temporary RS can’t provide latency improvement in FR1 unknown cell case with more than 1 SSB are transmitted or in FR2 unknown cell case. However, these scenarios are actually the cases with extreme long activation delay that temporary RS method originally targets to reduce. Besides, based on current spec TS38.133, the unknown cell condition could be very easy to satisfy, and UE has to follow the unknown cell requirement. This means that long activation delay is unavoidable for a deactivated SCell even with temporary RS provided.
[bookmark: _Ref20862192]Observation 6: The undetectable condition is very easy to satisfy and UE has to follow the unknown cell requirement once undetectable condition is met. This means that long activation delay is unavoidable for a deactivated SCell even with temporary RS provided.

Therefore, we can conclude that if latency performance is the only concern, dormancy behavior method is a better solution for SCells fast returning to the data transfer.
[bookmark: _Ref20862194]Observation 7: From latency perspective, dormancy behavior method is a better solution for SCells fast returning to the data transfer.
[bookmark: _Ref20862234]Proposal 1: RAN4 to confirm that dormancy behavior is a better solution for SCells fast returning to the data transfer.
[bookmark: _Ref21102434]Proposal 2: RAN4 to send a LS to RAN1 and RAN2 to prioritize dormancy behavior in Rel-16.
[bookmark: _Ref525844622]
3	Summary 
In this contribution, we have the following observations:
Observation 1: The BWP framework could reduce the required latency returning from dormant BWP to active BWP down to 3ms.
Observation 2: For the known cell cases or FR1 unknown cell case with only 1 transmitted SSB, temporary RS is able to reduce the activation delay by 10ms, with the assumption of 5ms periodicity of temporary RS.
Observation 3: To facilitate the implementation of DCI triggered temporary RS, longer aperiodicTriggeringOffset is needed. 
Observation 4: Additional temporary RS can only provide latency improvement in both FR1 and FR2 known cell cases or in FR1 unknown cell case with only 1 transmitted SSB..
Observation 5: If Network can inform UE by indicating that the RE powers of temporary RS/CSI-RS and SSB are the same, no extra temporary RS/ CSI-RS is needed for UE to tune the fine beam AGC gain.
Observation 6: The undetectable condition is very easy to satisfy and UE has to follow the unknown cell requirement once undetectable condition is met. This means that long activation delay is unavoidable for a deactivated SCell even with temporary RS provided.
Observation 7: From latency perspective, dormancy behavior method is a better solution for SCells fast returning to the data transfer.
And we propose
Proposal 1: RAN4 to confirm that dormancy behavior is a better solution for SCells fast returning to the data transfer.
Proposal 2: RAN4 to send a LS to RAN1 and RAN2 to prioritize dormancy behavior in Rel-16.
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Appendix 
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  , where:
· THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].
· TCSI_reporting (in ms) 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 TS 38.331 [2].
· Tactivation_time (in ms) is the SCell activation delay. The values of Tactivation_time are variate in different scenarios. We list all the components in following tables and provide a typical value by giving SMTC periodicity a default value 20ms.

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.
· Trs is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell in SCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement which involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There is no requirements if the SSB transmission periodicity is not 5ms.
· TFirstSSB is the time to first SSB indicated by the SMTC after n + THARQ+3ms.
· TFirstSSB_multiMAC-CE is the time to first SSB indicated by the SMTC after n + Tuncertainty_MAC + THARQ+3ms.
· TL1-RSRP, measure is L1-RSRP measurement delay TL1-RSRP_Measurement_Period_SSB or TL1-RSRP_Measurement_Period_CSI-RS based on applicability as defined in clause 9.5 assuming M=1.
· TL1-RSRP, report is delay of acquiring CSI reporting resources.
· Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· Tuncertainty_RRC is the time period between reception of the RRC configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
· TRRC_delay is the RRC procedure delay.
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