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1. Introduction
At the RAN1#103-e meeting, TRS/CSI-RS occasion for idle/inactive UEs were discussed and RAN1 made following agreements [1].
	Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).

Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.  R1-2009848

Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence

[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.

Conclusion:
· TRS/CSI-RS based PEI is discussed in AI 8.7.1.1.
· PEI functionality is not further discussed under AI 8.7.1.2.
· Note: This does not prevent to potentially use PEI to carry the indication for TRS/CSI-RS presence.



In this contribution, we discuss potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs.

2. Discussion
2.1. TRS/CSI-RS occasion for idle/inactive UEs
Currently, Idle/inactive-mode UE uses only SSB transmitted at a cell as reference signal for the behaviour such as time/frequency tracking. However, when TRS/CSI-RS is transmitted for connected-mode UE which camps on the cell, the opportunity when the idle/inactive-mode UEs can obtain reference signal can be increased in order to reduce UE power consumption while system overhead is not increased. 
Pre-configured information of TRS/CSI-RS configuration for idle/inactive mode UEs is indicated via higher layer signalling including at least SIB, and should not be changed frequently since frequent SI update indication would cause increase of power consumption. However, TRS/CSI-RS is not always transmitted, since it would depend on whether or not there is connected-mode UE at the cell.  Thus, it should be indicated whether TRS/CSI-RS is available or not by other manner, e.g., L1-based indication. If the UE cannot know the availability of TRS/CSI-RS, the UE would have to wake up earlier so that the UE can receive sufficient number of SSBs assuming TRS/CSI-RS is not available, and then the power saving gain cannot be obtained so much. At the previous meeting, explicit indication and implicit indication of the availability were discussed. For implicit indication, the UE can know the availability depending on whether the UE wakes up or not for the PO. However, as mentioned above, the availability of TRS/CSI-RS depends on whether or not there is connected mode UE at the cell, which is independent from whether the UE wakes up or not for the PO. Therefore, explicit indication should be supported for the availability of TRS/CSI-RS. Paging DCI and/or paging early indication should be considered as the candidates of the explicit indication of the availability of TRS/CSI-RS.
Proposal 1: Explicit indication of the availability of TRS/CSI-RS for idle/inactive mode UE should be supported.
Proposal 2: Paging DCI and/or paging early indication should explicitly indicate the availability of TRS/CSI-RS for idle/inactive mode UE.

Our companion paper [2] shows the evaluation results on the power saving gain obtained by availability indication in paging early indication.
Regarding the NW impact by the availability indication, the availability indication can be controlled by NW. If UE does not receive the availability indication at least for a certain duration, the UE should assume no TRS/CSI-RS can be obtained. In other words, if NW does not indicate the availability, UE assumes no TRS/CSI-RS can be obtained at least after a certain duration. In addition, gNB can indicate, in advance, that TRS/CSI-RS is not available when there is very few connected mode UE(s) using the TRS/CSI-RS and the TRS/CSI-RS is likely to be not transmitted soon. Thus, the NW impact can be minimized when NW indicates the availability of TRS/CSI-RS at the appropriate timing.
Proposal 3: If UE does not receive the availability indication at least for a certain duration, the UE should assume no TRS/CSI-RS can be obtained.
Observation 1: gNB can indicate, in advance, that TRS/CSI-RS is not available when there is very few connected mode UE(s) using the TRS/CSI-RS and the TRS/CSI-RS is likely to be not transmitted soon.

Regarding the location of the TRS/CSI-RS for idle/inactive mode UE, when availability of TRS/CSI-RS is explicitly indicated by paging DCI, it would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO. In this case, if the TRS/CSI-RS is available, UE just wakes up near PO and performs time/frequency tracking and AGC by the TRS/CSI-RS located near PO since UE does not need to receive several SSBs before PO for time/frequency tracking and AGC. Thus, the UE can enjoy longer deep sleep time and save the power consumption. Also, when availability of TRS/CSI-RS is explicitly indicated by DCI-based paging early indication, it would be beneficial that TRS/CSI-RS for idle/inactive-mode UE is located in front of PO as well. If TRS/CSI-RS is located immediately after DCI-based paging early indication, the UE may not have sufficient time to decode paging early indication between paging early indication and TRS/CSI-RS.
In addition, if the TRS/CSI-RS for idle/inactive mode UE can serve as the functionality of the RRM measurement for the serving cell, the idle/inactive mode UE does not need to receive SSB for RRM measurement for the serving cell, and the deep sleep time can become longer which leads further power consumption reduction.
On the other hand, if availability indication is not supported, UE needs to try blind detection to receive TRS/CSI-RS. In this case, it would be beneficial that TRS/CSI-RS for idle/inactive-mode UE is located after first SSB among three SSBs before PO. If TRS/CSI-RS is located near PO, power consumption reduction cannot be expected since the UE assumes to receive sufficient number of SSBs instead of TRS/CSI-RS. 
Observation 2: If availability of TRS/CSI-RS for idle/inactive mode UE is explicitly indicated, it would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO.
Observation 3: If availability indication of TRS/CSI-RS for idle/inactive mode UE is not supported, i.e., UE needs to try blind detection, it would be beneficial that TRS/CSI-RS for idle/inactive-mode UE is located after first SSB among three SSBs before PO.

3. Conclusion
[bookmark: _GoBack]In this contribution, potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs was discussed. Based on the discussion, the following observations and proposals were made:
Proposal 1: Explicit indication of the availability of TRS/CSI-RS for idle/inactive mode UE should be supported.
Proposal 2: Paging DCI and/or paging early indication should explicitly indicate the availability of TRS/CSI-RS for idle/inactive mode UE.
Proposal 3: If UE does not receive the availability indication at least for a certain duration, the UE should assume no TRS/CSI-RS can be obtained.
Observation 1: gNB can indicate, in advance, that TRS/CSI-RS is not available when there is very few connected mode UE(s) using the TRS/CSI-RS and the TRS/CSI-RS is likely to be not transmitted soon.
Observation 2: If availability of TRS/CSI-RS for idle/inactive mode UE is explicitly indicated, it would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO.
Observation 3: If availability indication of TRS/CSI-RS for idle/inactive mode UE is not supported, i.e., UE needs to try blind detection, it would be beneficial that TRS/CSI-RS for idle/inactive-mode UE is located after first SSB among three SSBs before PO.
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