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Introduction
RAN1 selected TRS as ‘temporary RS’ to expedite the SCell activation process for Rel17. Current working assumption is to reuse Rel15 TRS structure. An LS was sent to RAN4[1] in RAN1#103-e, requesting input on whether any additional enhancements to current TRS structure are needed for some scenarios.

In this contribution we discuss UE procedures/requirements for SCell activation procedure using ‘temporary RS’ including triggering of ‘temporary RS’ and QCL aspects related to ‘temporary RS’.
Discussion
SCell activation procedure with ‘temporary RS’
Figure 1 below shows Rel15/16 SCell activation procedure and Table 1 lists UE and NW steps for SCell activation
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Figure 1 – SCell activation in Rel15/16 


Table 1 – Rel15/16 SCell activation procedure

	
	Timeline
	NW action
	UE action
	Notes

	1
	Slot n
	Tx PDSCH with activation command MAC CE (on a cell other than SCell)
	Rx PDSCH with activation command MAC CE (on a cell other than SCell)
	

	2
	Slot n+k1
	Rx HARQ-ACK for PDSCH
	Tx HARQ-ACK for PDSCH
	

	3
	Slot n+k1+3ms
	
	Start CSI reporting for SCell
	UE also has to acquire sync/AGC for SCell but exactly how the UE does this is left to UE implementation (there are no UE procedures defined for this in RAN1 spec).

RAN4 requirements (sub-clause 8.3.2 of 38.133) allow UE to report OOR CSI value when UE is achieving sync/AGC for the SCell

	4
	Slot n+x
	Tx CSI-RS on SCell
	Rx CSI-RS on SCell
	The CSI-RS can be a periodic/SP/aperiodic CSI-RS. Slot n+x can be any slot starting with n+k1+3ms as specified in 38.213 sub-clause 4.3. 

If aperiodic/SP-CSI RS, the corresponding CSI-RS trigger should be sent on primary cell or another SCell

	5
	Slot n+y
	Rx valid CSI report for SCell (on a cell other than SCell)
	Tx valid CSI for SCell (on a cell other than SCell)
	Delay between slot n and slot n+y can be considered as effective SCell activation delay since after n+y, the UE should be ready to apply SCell activation related actions described in 38.213 and 38.321

RAN4 specs have a UE requirement that SCell activation cannot be later than slot n+as specified in sub-clause 8.3.2 of 38.133 which is the maximum allowed SCell activation delay

Slot n+y can be earlier than maximum allowed SCell activation delay (e.g. if a SSB/P-TRS is available closer to slot n+k1+3ms)

	6
	Slots after n+y
	Start PDCCH/PDSCH Tx and other activation related actions on SCell
	Start PDCCH/PDSCH Rx and other activation related actions on SCell
	



Figure 2 below shows expected Rel17 SCell activation procedure and Table 2 lists UE and NW steps.
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[bookmark: _GoBack]Figure 2 – SCell activation with reduced delay for Rel17

Table 2 – Rel17 SCell activation procedure

	
	Timeline
	NW action
	UE action
	Notes

	1
	Slot n
	Tx SCell activation command (on a cell other than SCell)
	Rx SCell activation command (on a cell other than SCell)
	Options for SCell activation command
a) Rel15/16 MAC CE (no spec change needed)
b) new Rel17 MAC CE
c) new Rel17 DCI based activation command

	1a
	Slot n+m1
	Tx ‘temporary RS’ trigger (on a cell other than SCell)
	Rx ‘temporary RS’ trigger (on a cell other than SCell)
	Options for ‘temporary’ RS trigger
a) Rel15/16 TRS trigger using DCI 0_1 (no spec change needed) – no NW restriction on slot n+m1
b) new Rel17 MAC CE with SCell activation command and also TRS trigger (in this case m1=0, i.e., ‘integrated trigger’)
c) new Rel17 DCI based trigger for TRS which also includes SCell activation command (in this case m1=0, i.e., ‘integrated trigger’)
d) Rel15/16 SCell activation command serves as implicit trigger for a specific RRC configured TRS configuration (in this case m1=0 .i.e., ‘integrated trigger’)
e) new Rel17 TRS trigger via DCI 1_1 – no NW restriction on slot n+m1 
f) new Rel17 MAC CE with ‘temporary RS’ trigger (if sent in same PDSCH as Rel15/16 SCell activation MAC CE, m1=0 i.e., ‘integrated trigger’)

	2
	Slot n+k1
	Rx HARQ-ACK for SCell activation command
	Tx HARQ-ACK for SCell activation command
	

	3
	Slot n+k1+3ms
	
	Start CSI reporting for SCell
	UE also has to acquire sync/AGC for SCell but exactly how the UE does this is left to UE implementation (there are no UE procedures defined for this in RAN1 spec).

RAN4 requirements (sub-clause 8.3.2 of 38.133) allow UE to report OOR CSI value when UE is achieving sync/AGC for the SCell

Note: If option c is used in step (i.e., L1 based SCell activation, then this slot can be earlier, further RAN4 input will be needed to determine the smaller delay)

	3a
	Slot n+m2
	Tx TRS on the SCell
	Rx TRS on the SCell
	Slot n+m2 should be later than slot n+k1+3ms

When ‘temporary RS’ is same as Rel15 TRS (i.e., per current WA), no spec change needed for supporting this step

If RAN4 identifies cases where new TRS structure is needed (e.g. with more bursts), new Rel17 TRS configuration should be introduced but same triggers as in Rel15/16 can still be used

Note: as mentioned is step 3, even when temporary RS is triggered, there is no need to specify exactly how UE acquires sync/AGC for SCell and UE is free to use any approaches implemented for Rel15/16 with potential extra help of temporary RS to speed up the sync/AGC

	4
	Slot n+x
	Tx CSI-RS on SCell
	Rx CSI-RS on SCell
	The CSI-RS can be a periodic/SP/aperiodic CSI-RS. Slot n+x can be any slot starting with n+k1+3ms as specified in 38.213 sub-cluase 4.3. 

If aperiodic/SP-CSI RS, the corresponding CSI-RS trigger should be sent on primary cell or another SCell.

It should be possible to derive the CSI-RS TCI state from ‘temporary RS’ received by the UE on the SCell. If UE is forced to wait for next SSB/P-TRS, then ‘temporary RS’ will not help in reducing SCell activation delay.

	5
	Slot n+y
	Rx valid CSI report for SCell (on a cell other than SCell)
	Tx valid CSI report for SCell (on a cell other than SCell)
	Delay between slot n and slot n+y is can be considered as effective SCell activation delay since after n+y, the UE should be ready to apply SCell activation related actions described in 38.213 and 38.321.

RAN4 specs have a UE requirement that SCell activation cannot be later than slot n+as specified in sub-clause 8.3.2 of 38.133 which is the maximum allowed SCell activation delay. It is expected that Rel17 RAN4 specs will specify a smaller allowed   for cases where ‘temporary RS’ is available to the UE.

Slot n+y can be earlier than maximum allowed SCell activation delay e.g. if a SSB/P-TRS is available closer to slot n+k1+3ms. In such cases, there is no need for NW to trigger an additional ‘temporary RS’.

	6
	Slots after n+y
	Start PDCCH/PDSCH Tx and other activation related actions on SCell
	Start PDCCH/PDSCH Rx and other activation related actions on SCell
	It should be possible to derive the PDCCH TCI state from ‘temporary RS’ received by the UE on the SCell. If this is not allowed and UE is forced to wait for next SSB or P-TRS, then ‘temporary RS’ will not help in reducing SCell activation delay.



From above discussion, it is clear that Rel17 fast SCell activation can be achieved by following Rel15/16 UE procedures except for steps 4, 6 in Table 2 above (blue highlighted). i.e., for receiving initial CSI-RS/PDCCH/PDSCH transmissions on the SCell, the UE procedures should be updated to allow the TRS (used as ‘temporary RS’) to serve as QCL source. 

Observation 1
· Rel15/16 specs already support an SCell activation trigger (i.e., the SCell activation command MAC CE) and a ‘temporary RS’ trigger (i.e., DCI 0_1 trigger for TRS) and Rel17 fast SCell activation can be achieved using these triggers.

Observation 2
· Rel15/16 RAN1 specs do not specify an explicit timeline or the specific RSs used for acquiring sync/AGC on an SCell during SCell activation and Rel17 fast SCell activation can be achieved by retaining similar approach. 

Observation 3
· ‘Temporary RS’ can help UE speed up the SCell activation procedure but it is not always needed for fast SCell activation (e.g. when there is an SSB, P-TRS near the SCell activation command MAC CE).

Observation 4
· UE should be allowed to use ‘temporary RS’ as a QCL source for initial CSI-RS and initial PDCCH/PDSCH DMRS received on the SCell after activation. If UE is forced to wait for next SSB or P-TRS, ‘temporary RS’ will not help in reducing SCell activation delay for Rel17.

Proposal 1 (for Conclusion)
·  ‘Rel15/16 SCell activation command MAC CE’ and ‘Rel15/16 DCI 0_1 trigger for TRS’ provide the ‘SCell activation trigger’ and ‘temporary RS’ trigger respectively for Rel17 fast SCell activation.

Proposal 2
· The TRS used in SCell activation delay reduction should serve as QCL source for the subsequent CSI-RS (based on which the UE reports valid CSI/L1-RSRP upon SCell activation) and other DL RSs on the SCell: CSI-RS, PDCCH/PDSCH DMRS
· Note: This applies to SCell activation +TRS triggering by Rel15/16 mechanism and any potential new triggering mechanism(s) introduced for Rel17

Triggering enhancements for ‘temporary RS’
In RAN1#103-e, several additional enhancements (marked in orange in Table 2) related to ‘temporary RS’ and SCell activation were identified for further discussion. 

Below we discuss the proposed enhancements

· New Rel17 MAC CE that triggers SCell activation and also TRS on the SCell (Option b in steps 1/1a of Table 2)
· This would require modification of existing SCell activation and TRS triggering mechanisms and introduction of a new MAC CE that serves as an ‘integrated trigger’. As discussed above, such new MAC CE is not strictly necessary to achieve fast SCell activation since Rel15/16 triggers are available.
· From complexity perspective, NW/UE have to support Rel15 SCell activation command MAC CE reception and Rel15 DCI based TRS triggering in any case. Given this, supporting one more integrated trigger and corresponding functionality for the same purpose increases complexity. 
· From performance perspective, error cases such as a lost PDCCH DCI trigger for A-TRS were discussed. However, such error cases are rare (<1% probability), and have marginal impact on performance for this specific issue (i.e., on rare occasions of missed A-TRS trigger, UE can still use SSB, P-TRS for SCell activation with Rel16 SCell activation delay) and do not provide sufficient motivation for introduction of new MAC CE. 
 
· New Rel17 DCI that triggers SCell activation and also TRS (Option c in steps 1/1a of Table 2)
· This would require modification of existing SCell activation (i.e., add DCI based activation) and TRS triggering mechanisms (i.e., add TRS triggering from DL DCI) and introduction of a new DCI that serves as an ‘integrated trigger’. As discussed above, such new DCI-based integrated trigger is not strictly necessary to achieve fast SCell activation.
· Introduction of L1 based SCell activation was discussed in Rel15/16 but was not agreed. Instead RAN1 chose to retain the MAC CE SCell activation trigger and compliment it with L1 based dormancy indication. L1 based SCell activation provides a latency improvement. However, considering previous discussions, we do not see a strong need for specifying one more alternate SCell activation triggering mechanism.
· Implicit triggering of a specific RRC configured TRS configuration based on detection of Rel15/16 SCell activation command MAC CE (Option d in step 1a of Table 2)
· This is similar to short CQI approach in LTE. In LTE, CRS is present in every slot and short CQI config + SCell activation triggers CSI reports with short periodicity upon SCell activation. However, for NR, this approach is quite inflexible compared to other options since TRS location has to be fixed wrt. SCell activation command and additionally, adaptation of TRS beam is not possible.
· New Rel17 TRS trigger via DCI 1_1 (Option e in step 1a of Table 2)
· This approach extends Rel15/16 DCI 0_1 based TRS triggering to DL DCIs. It is complimentary to existing Rel15/16 approaches and can be considered. When same DL DCI is also used for scheduling the PDSCH carrying SCell activation MAC CE, this approach results in an effective ‘integrated trigger’ based on NW implementation.
· New Rel17 MAC CE for TRS triggering (Option f in step 1a of Table 2)
· This approach can be considered (along with option e above), if additional requirements/use-cases for TRS triggering are identified (e.g. based on other WG input). However, as discussed for option b above, ‘error case handling of DCI based TRS triggering’ does not by itself justify introduction of a MAC CE for A-TRS triggering.  

Integrated triggering restriction
Another aspect considered in RAN1#103-e was limiting the SCell activation triggering and TRS triggering such that they are always “integrated into a single triggering signaling”. 
Agreements:
For efficient SCell activation, discuss and agree from the following alternatives at RAN1#104-e
· Alt 1: the trigger of temporary RS is integrated into a single triggering signaling with the trigger of SCell activation transmitted on an activated cell.
· FFS detailed design of this integrated triggering signaling.
· Potential examples of single triggering signaling for further discussions
· A PDSCH TB, e.g. containing two respective MAC-CEs for both triggers, one MAC-CE for both triggers
· A DCI for both triggers
· A PDSCH TB and its scheduling DL grant, e.g. MAC-CE for activation and DL grant for temporary RS
· A DL grant and a UL grant received in the same slot/OFDM symbols of PDCCH where the DL grant is scheduling a MAC-CE for SCell activation and the UL grant is triggering the RS.
· Rel-15/16 SCell activation MAC-CE and a specific configuration of temporary RS being implicitly triggered as well
· Alt2: Triggering of temporary RS separately from SCell activation command is not precluded and both ‘separate’ triggers (examples below) and ‘integrated’ triggers (examples in Alt 1) are considered for SCell activation
· FFS detailed design of separate triggering signaling.
· Potential examples of separate triggering signaling for further discussions
· Rel-15/16 SCell activation MAC-CE and Rel 15/16 DCI triggering
· Rel-15/16 SCell activation MAC-CE and new DCI triggering for temporary RS
· Note: temporary RS should be triggered by DCI or MAC-CE.
· Note: the final mechanism of trigger signaling targets at applicability to one or more SCell activation.
· FFS handling of  SCell activation by existing Rel15/16 CA activation command when temporary RS is configured and triggered/not triggered

Rel15/16 specs already support an SCell activation trigger (i.e., the SCell activation command MAC CE) and a ‘temporary RS’ trigger (i.e., DCI 0_1 trigger for TRS) and Rel17 fast SCell activation can be achieved using these triggers as discussed above. However, these Rel15/16 triggers are unnecessarily precluded if a restriction to support only integrated triggering is agreed (i.e., Alt1 in the above agreement from RAN1#103-e).  
UEs have to support Rel15/16 SCell activation where SSB/P-TRS can be received with different time-offsets wrt. SCell activation command MAC/CE. Considering this, having ‘integrated triggering’ does not help with UE complexity reduction. On the contrary, it increases complexity as the UEs have to support duplicate SCell activation and/or TRS triggering approaches for Rel17.
Considering discussion in RAN1#103-e, if it is however identified that additional flexibility compared to Rel15/16 triggers is needed, then Option e (new Rel17 TRS trigger via DCI 1_1) or Option f (new Rel17 MAC CE for TRS triggering) which allow ‘integrated triggering’ can be considered further. 
However, having a restriction to only support integrated triggering (i.e., Alt1) does not provide benefits at least from NW/ system performance perspective. On the contrary, it a) precludes the gNB  from using already available Rel15/16 TRS triggering, b) forces the gNB to always decide whether to trigger a TRS or not 3-4ms in advance (or longer considering re-transmissions) c) forces the UEs to implement additional triggering mechanisms to achieve fast activation.
Overall, while mechanisms that enable integrated SCell activation + TRS triggering can be included for Rel17 (given discussions in RAN1#103-e), having a restriction to only allow such integrated triggering does not provide any benefit. 
Observation 5
· Restricting the Rel17 ‘SCell activation triggering’ and ‘temporary RS triggering’ such that they can only be “integrated into a single triggering signaling” has following disadvantages
a) It does not allow the already available ‘Rel15/16 SCell activation MAC CE’ and ‘Rel15/16 DCI 0_1 based TRS triggering’ to be used for Rel17 fast SCell activation  
b) It increases UE/NW complexity for fast Scell activation by forcing support of duplicate SCell activation and/or TRS triggering mechanisms
c) It forces the gNB to always decide whether or not to trigger a A-TRS with SCell activation at least 3-4ms in advance of the slot(s) with A-TRS transmission (longer in case of retransmissions).

Observation 6
· One of the following additional triggering options for ‘temporary RS’ can be supported if it is identified (e.g. based on other WG input) that for some scenarios, additional flexibility compared to Rel15/16 DCI 0_1 based TRS triggering is needed,
· New Rel17 TRS trigger via DCI 1_1
· Note: Above option allows (by NW implementation) TRS trigger and Scell activation command MAC CE to be integrated (i.e., when DCI 1_1 with TRS trigger is also used to schedule the PDSCH with Rel15/16 SCell activation command MAC CE)
· New Rel17 MAC CE for TRS triggering
· Note: Above option allows (by NW implementation) TRS trigger and Scell activation command MAC CE to be integrated (i.e., when they are scheduled in same PDSCH by the gNB) 
· Note: SCell activation is triggered via Rel15/16 SCell activation MAC CE

Configuration of ‘temporary RS’
According to the current RAN1 WA, Rel15/16 TRS structure is re-used for ‘temporary RS’. For this case, there is no need to define a separate ‘temporary RS’ configuration in addition to already existing TRS configuration. If a need to extend current TRS structure is identified, the current TRS RRC structure can be used as starting point for defining the configuration details.
Observation 7
· For cases where Rel15/16 TRS structure is re-used for ‘temporary RS’, there is no need to define a separate ‘temporary RS’ configuration in addition to already existing TRS configuration.
· If a need to extend current TRS structure is identified, the current TRS RRC structure can be used as starting point for defining the associated configuration details.

Conclusions
In this document we discuss fast SCell activation for Rel17 NR CA and make the following observations and proposals
Observation 1
· Rel15/16 specs already support an SCell activation trigger (i.e., the SCell activation command MAC CE) and a ‘temporary RS’ trigger (i.e., DCI 0_1 trigger for TRS) and Rel17 fast SCell activation can be achieved using these triggers.
Observation 2
· Rel15/16 RAN1 specs do not specify an explicit timeline or the specific RSs used for acquiring sync/AGC on an SCell during SCell activation and Rel17 fast SCell activation can be achieved by retaining similar approach. 
Observation 3
· ‘Temporary RS’ can help UE speed up the SCell activation procedure but it is not always needed for fast SCell activation (e.g. when there is an SSB, P-TRS near the SCell activation command MAC CE).
Observation 4
· UE should be allowed to use ‘temporary RS’ as a QCL source for initial CSI-RS and initial PDCCH/PDSCH DMRS received on the SCell after activation. If UE is forced to wait for next SSB or P-TRS, ‘temporary RS’ will not help in reducing SCell activation delay for Rel17.
Observation 5
· Restricting the Rel17 ‘SCell activation triggering’ and ‘temporary RS triggering’ such that they can only be “integrated into a single triggering signaling” has following disadvantages
a) It does not allow the already available ‘Rel15/16 SCell activation MAC CE’ and ‘Rel15/16 DCI 0_1 based TRS triggering’ to be used for Rel17 fast SCell activation  
b) It increases UE/NW complexity for fast Scell activation by forcing support of duplicate SCell activation and/or TRS triggering mechanisms
c) It forces the gNB to always decide whether or not to trigger a A-TRS with SCell activation at least 3-4ms in advance of the slot(s) with A-TRS transmission (longer in case of retransmissions).
Observation 6
· One of the following additional triggering options for ‘temporary RS’ can be supported if it is identified (e.g. based on other WG input) that for some scenarios, additional flexibility compared to Rel15/16 DCI 0_1 based TRS triggering is needed,
· New Rel17 TRS trigger via DCI 1_1
· Note: Above option allows (by NW implementation) TRS trigger and Scell activation command MAC CE to be integrated (i.e., when DCI 1_1 with TRS trigger is also used to schedule the PDSCH with Rel15/16 SCell activation command MAC CE)
· New Rel17 MAC CE for TRS triggering
· Note: Above option allows (by NW implementation) TRS trigger and Scell activation command MAC CE to be integrated (i.e., when they are scheduled in same PDSCH by the gNB) 
· Note: SCell activation is triggered via Rel15/16 SCell activation MAC CE
Observation 7
· For cases where Rel15/16 TRS structure is re-used for ‘temporary RS’, there is no need to define a separate ‘temporary RS configuration’ in addition to already existing TRS configuration.
· If a need to extend current TRS structure is identified, the current TRS RRC structure can be used as starting point for defining the associated configuration details.
Proposal 1 (for Conclusion)
· ‘Rel15/16 SCell activation command MAC CE’ and ‘Rel15/16 DCI 0_1 trigger for TRS’ provide the ‘SCell activation trigger’ and ‘temporary RS’ trigger respectively for Rel17 fast SCell activation.
Proposal 2
· The TRS used in SCell activation delay reduction should serve as QCL source for the subsequent CSI-RS (based on which the UE reports valid CSI/L1-RSRP upon SCell activation) and other DL RSs on the SCell: CSI-RS, PDCCH/PDSCH DMRS
· Note: This applies to SCell activation +TRS triggering by Rel15/16 mechanism and any potential new triggering mechanism(s) introduced for Rel17
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