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1. Background
At the RAN1#104bis-e meeting, following agreement has been made [1]:
	Agreement
For efficient activation of SCells
· Option 1a: MAC CE(s) contained in a single PDSCH to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including timeline design for receiving temporary RS
Note: Separate from the support of Option 1a, it is up to RAN4 whether or not to consider an activation time enhancement for Option 2 without requiring further RAN1 work
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding Rel-15/16 A-TRS(s)
Send an LS to RAN4. The LS is endorsed in R1-2104110.



In parallel, RAN4 has discussed potential temporary RS structures and provide following feedback [2]:
	[RAN4 Response]: In RAN4#98e, the following agreements are achieved in [R4-2104067]: 
	· 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 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.
· FFS: whether minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is considered to account for UE AGC application time delay
· The minimum gap length is FFS


In this meeting RAN4 further discussed the minimum gap and reached the following conclusions:
· 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. The minimum gap length is,
· Option 1: 2 slots
· Option 2: 2 ms
· RAN4 will continue to discuss the options above and provide feedback to RAN1 if there is conclusion
· SCell is unknown and belongs to FR1
· 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.
· So far 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). RAN4 will continue the discussion and provide feedback to RAN1 if there is conclusion.
· 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
· 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.




In this contribution we propose designs of temporary RS structure and its triggering signalling.

2. Temporary RS structure
According to the RAN4’s feedback, a temporary RS can be constructed using one or two bursts with each burst containing four CSI-RSs resources (4 samples) on two consecutive slots, which is the same as a tracking RS. In case of two bursts, two options are under discussion in RAN4: 2 slots or 2 ms which is up to further discussion in RAN4.

Proposal 1:
· RAN1 to confirm supporting following two temporary RS structures:
· A Rel.15/16 TRS is over 2 consecutive slots with four CSI-RSs resources (4 samples)
· Two Rel.15/16 TRSs where each TRS is over 2 consecutive slots with four CSI-RSs resources (4 samples) with a gap in between the two TRSs
· The gap is up to further RAN4’s decision


3. Triggering signalling for temporary RS
3.1.	MAC-CE processing timeline
RAN1 agreed to support MAC-CE based joint temporary RS triggering and SCell activation. As specified in TS38.213 Section 4.3, for MAC-CE based SCell activation, any UE processes for the to-be-activated SCell shall not earlier than slot n + k, where n is the last slot that the UE receives the MAC-CE command in a PDSCH and k = m + 3*N + 1 with m being the slot offset for PUCCH transmission with HARQ-ACK information for the PDSCH reception and N being the number of slots per subframe for the SCS configuration of the PUCCH transmission. For the MAC-CE based joint temporary RS triggering and SCell activation, the starting timing of the temporary RS shall follow this timeline.
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Figure 1		Example of temporary RS based SCell activation signalled by MAC-CE.

Proposal 2:
· Temporary RS is not earlier than slot n + k, where:
· n is the last slot that the UE receives the MAC-CE command in a PDSCH
· k =  m + 3*N + 1 with
· m being the slot offset for PUCCH transmission with HARQ-ACK information for the PDSCH reception and
· N being the number of slots per subframe for the SCS configuration of the PUCCH transmission.

3.2.	MAC-CE signalling details
For the SCell activation using temporary RS, the UE needs to know the following:
· One or multiple SCell(s) to be activated
· One or multiple SCell(s) where temporary RS(s) is/are triggered
· For temporary RS of a given SCell,
· The physical-layer structure of the temporary RS
· The slot(s) where the temporary RS takes place
· QCL type(s)/source for the temporary RS

The above 2nd bullet can be realized by re-using the existing A-CSI request framework in which a codepoint of the A-CSI request triggers one or multiple NZP-CSI-RS resource sets with trs-Info on one or more SCells. The only necessary changes are (1) the A-CSI request is in the MAC-CE (not in the UL DCI) and (2) the set of NZP-CSI-RS resource sets is configured as a single TRS or a two TRSs with a gap.

Proposal 3:
· Re-use A-CSI-RS/A-TRS triggering framework for temporary RS 
· I.e., a codepoint of the indication is associated with one or multiple NZP-CSI-RS resource sets on one or more SCells
· The one or multiple NZP-CSI-RS resource sets are configured with trs-Info
· The NZP-CSI-RS resources comprising a temporary RS are quasi-co-located with QCL-typeC with an SS/PBCH block and, when applicable, QCL-typeD with the same SS/PBCH block
· Instead of A-CSI request field in a UL DCI format, specify the codepoint-based indication as a MAC-CE

3.3.	Handling of re-transmission of the PDSCH carrying the MAC-CE signalling
MAC-CE based indication may have an additional issue from the network scheduler viewpoint. A UE may fail to decode the PDSCH carrying the MAC-CE. For the re-transmission of the PDSCH, it is not possible to change the contents of the MAC-CE. Due to this, the gNB scheduler has to pay a special attention on temporary RS triggering. For example, for a TDD SCell, although the initial transmission triggers the temporary RS at DL or flexible symbols, for the re-transmission, the temporary RS could fall into the UL symbols. 
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There could be some options that do not require specification changes:
· In case if NACK is received for the PDSCH carrying the MAC-CE triggering a temporary RS, if a timing adjustment of the temporary RS is necessary,
· Opt.1: the gNB adjusts the PDSCH scheduling timing or the HARQ-ACK feedback timing so that the temporary RS trigger timing is properly determined
· Opt.2: the MAC-CE triggering a temporary RS with adjusted timing is transmitted as a new data (not a HARQ re-transmission)
· Opt.3: a MAC-CE activating SCell(s) without triggering a temporary RS (i.e., SSB based SCell activation command) is transmitted as a new data (not a HARQ re-transmission)

Other potential solutions that have some specification impacts can also be considered. 
· Opt.4: The slot(s) of a temporary RS is indicated as an absolute slot indexes (not a slot offset from the slot for PUCCH transmission for HARQ-ACK)
· Opt.5: The temporary RS triggering in the MAC-CE is disabled based on the DCI format scheduling the PDSCH carrying the MAC-CE
· E.g., in case of fallback DCI format, the temporary RS based SCell activation is disabled

Proposal 4:
· Following should be allowed in case if NACK is received for the PDSCH carrying the MAC-CE triggering a temporary RS and if a timing adjustment is necessary:
· Opt.1: the gNB adjusts the PDSCH scheduling timing or the HARQ-ACK feedback timing so that the temporary RS trigger timing is properly determined
· Opt.2: the MAC-CE triggering a temporary RS with adjusted timing is transmitted as a new data (not a HARQ re-transmission)
· Opt.3: a MAC-CE activating SCell(s) without triggering a temporary RS (i.e., SSB based Scell activation command) is transmitted as a new data (not a HARQ re-transmission)
· Further, consider following additional options:
· Opt.4: The slot(s) of a temporary RS is indicated as an absolute slot indexes (not a slot offset from the slot for PUCCH transmission for HARQ-ACK)
· Opt.5: The temporary RS triggering in the MAC-CE is disabled based on the DCI format scheduling the PDSCH carrying the MAC-CE
· E.g., in case of fallback DCI format, the temporary RS based SCell activation is disabled


4. Conclusion
In this contribution we proposed designs of temporary RS structure and its triggering signalling as follows.

Proposal 1:
· RAN1 to confirm supporting following two temporary RS structures:
· A Rel.15/16 TRS is over 2 consecutive slots with four CSI-RSs resources (4 samples)
· Two Rel.15/16 TRSs where each TRS is over 2 consecutive slots with four CSI-RSs resources (4 samples) with a gap in between the two TRSs
· The gap is up to further RAN4’s decision

Proposal 2:
· Temporary RS is not earlier than slot n + k, where:
· n is the last slot that the UE receives the MAC-CE command in a PDSCH
· k =  m + 3*N + 1 with
· m being the slot offset for PUCCH transmission with HARQ-ACK information for the PDSCH reception and
· N being the number of slots per subframe for the SCS configuration of the PUCCH transmission.

Proposal 3:
· Re-use A-CSI-RS/A-TRS triggering framework for temporary RS 
· I.e., a codepoint of the indication is associated with one or multiple NZP-CSI-RS resource sets on one or more SCells
· The one or multiple NZP-CSI-RS resource sets are configured with trs-Info
· The NZP-CSI-RS resources comprising a temporary RS are quasi-co-located with QCL-typeC with an SS/PBCH block and, when applicable, QCL-typeD with the same SS/PBCH block
· Instead of A-CSI request field in a UL DCI format, specify the codepoint-based indication as a MAC-CE

Proposal 4:
· Following should be allowed in case if NACK is received for the PDSCH carrying the MAC-CE triggering a temporary RS and if a timing adjustment is necessary:
· Opt.1: the gNB adjusts the PDSCH scheduling timing or the HARQ-ACK feedback timing so that the temporary RS trigger timing is properly determined
· Opt.2: the MAC-CE triggering a temporary RS with adjusted timing is transmitted as a new data (not a HARQ re-transmission)
· Opt.3: a MAC-CE activating SCell(s) without triggering a temporary RS (i.e., SSB based Scell activation command) is transmitted as a new data (not a HARQ re-transmission)
· Further, consider following additional options:
· Opt.4: The slot(s) of a temporary RS is indicated as an absolute slot indexes (not a slot offset from the slot for PUCCH transmission for HARQ-ACK)
· Opt.5: The temporary RS triggering in the MAC-CE is disabled based on the DCI format scheduling the PDSCH carrying the MAC-CE
· E.g., in case of fallback DCI format, the temporary RS based SCell activation is disabled
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