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Introduction
In RAN1 #103-e, several agreements were made regarding TRS/CSI-RS occasion(s) for idle/inactive UEs [1]: 

Agreement:
· 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 

Agreement:
· 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

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.

One of the remaining issues is whether to inform the idle/inactive mode UEs the availability of the TRC/CSI-RS at the configured occasions and, if supported, how to achieve this. In this contribution, we present our views on this aspect of the discussion.
Discussion
TRS/CSI-RS assistance for idle UEs
In NR, the UE can be configured with a Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE states which helps lower the UE power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is defined as a set of PDCCH monitoring occasions in which the paging DCI can be sent. If the UE can decode the paging PDCCH, it receives the short message and/or the paging PDSCH which contains the paging message.
The idle mode UE should perform loop convergence (e.g., AGC) and synchronization by measuring SSBs before decoding the paging PDCCH and PDSCH. The number of SSB bursts required for channel tracking depends on the SINR of the UE and/or the duration of deep sleep time before wake-up; the lower the SINR, the more measurements the UE has to perform. Therefore, the UE needs to wake-up earlier to make all necessary measurements, resulting in less time spent in deep sleep and more time spent for SSB processing and potentially in light sleep. 
This type of activity would offset the power saving gain from DRX operation significantly for the idle/inactive mode UEs especially when the SSB cycle is longer. If the UE can stay longer in deep sleep state by omitting one or more SSB measurements and use an existing TRS/CSI-RS to compensate for the lost measurements, it can save power. 
The two main options that can be considered for a UE to determine whether the TRS/CSI-RS is present in the configured occasions are:
· Option-1: Blind detection of the TRS/CSI-RS
· Option-2: Explicit L1 signaling to indicate the TRS/CSI-RS presence (e.g., activation/deactivation)

The power saving gain of these two options can be compared using the possible scenarios illustrated in Figure 2‑1. 
For the case when the TRS/CSI-RS occasion is closer to the PO:
· If the UE is explicitly notified that the TRS/CSI-RS is available in the configured occasions, it can skip processing the multiple earlier SSBs and instead use the TRS/CSI-RS and fewer additional SSBs that are closer to the PO. This results in about 24% gain for low SNR UEs and about 15% gain for medium SNR UEs.

· If the UE is not explicitly notified that the TRS/CSI-RS is available in the configured occasions and instead the UE must rely on blind detection of the TRS/CSI-RS, then it cannot skip processing any of the earlier SSBs. In this case, no power saving is achieved; actually, some loss is expected due to the power spent on blind detection.

For the case when the TRS/CSI-RS occasion is further away from the PO:
· The power saving gain of blind detection and explicit signaling is similar for very high detection rate, but the gain of blind detection would decrease if the power spent on blind detection cannot be ignored. However, if the detection rate decreases, which can be expected for low SNR, then the gain of blind detection would decrease approximately with the same ratio of the detection rate reduction.




[bookmark: _Ref61767622]Figure 2‑1 Possible scenarios of TRS/CSI-RS occasions

Observation 1: Explicit signaling of the TRS/CSI-RS occasions provides higher power saving gain than blind detection.
Proposal 1: Explicit signaling is used to indicate to the UE the TRS/CSI-RS availability.

The signaling of the TRS/CSI-RS availability, and potentially the presence of an update on the TRS/CSI-RS configuration, can be achieved either by using the paging PDCCH or the paging indication channel. If the paging indication channel is used, the UE can acquire availability notification before the PO and adjust its processing accordingly. If the paging PDCCH is used however, the notification would impact the processing for the future POs. Since the design of the paging indication channel has not been finalized yet, it may be premature to make a decision at this point. 

Proposal 2: Paging PDCCH and paging indication channel are considered for explicit signaling of the availability of the TRS/CSI-RS occasions.
· Downselect between paging PDCCH or the paging indication channel after more progress is achieved in the design of the paging indication channel.
Summary
In this contribution, we have discussed the signaling of TRS/CSI-RS availability for idle/inactive UEs. Based on the discussion, the following observation and proposals have been made:

Observation 1: Explicit signaling of the TRS/CSI-RS occasions provides higher power saving gain than blind detection.

Proposal 1: Explicit signaling is used to indicate to the UE the TRS/CSI-RS availability.
Proposal 2: Paging PDCCH and paging indication channel are considered for explicit signaling of the availability of the TRS/CSI-RS occasions.
· Downselect between paging PDCCH or the paging indication channel after more progress is achieved in the design of the paging indication channel.
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