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1. [bookmark: _Toc120549591]Introduction
As the WID in RP-200938 [1], the objectives of UE power saving enhancements for idle/inactive-mode UE are as the following,
a) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required 
In this contribution, the mechanism of providing TRS/CSI-RS occasion(s) for idle/inactive UEs will be discussed.
2. Availability information of TRS/CSI-RS
The first issue to be discussed is the availability information of TRS/CSI-RS, and the agreement about this issue in RAN1 #103-e meeting are as the following [2],
[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.

As the agreement in last RAN1 meeting, there are four alternatives about the design of availability information. We think two aspects should be considered in this issue, one is the UE power saving gain and another is impact on NW, especially without introducing additional signalling overhead, that is the availability information should not be carried in dedicated physical channel/signal without other purpose.
For Alt 1, if UE does not know the availability information of TRS/CSI-RS, UE must assume there is no TRS/CSI-RS transmitting and use the SSB for AGC and T/F tracking as usual, even the TRS/CSI-RS is transmitted actually. This will reduce the power saving gain of using TRS/CSI-RS for AGC and T/F tracking before PO. For Alt 2, due to the introduction of PEI, UE will not monitor PO in all occasions. If the availability information of TRS/CSI-RS is always informed to UE, this may cause useless signalling overhead of NW, because the PEI/paging PDCCH/paging PDSCH will not transmits in un-waked PO. Therefore, Alt 3 is a much better solution which the availability information is informed to UE when the paging exists, because the PEI, paging PDCCH and paging PDSCH should be transmitted and the availability information can be carried in these potential physical signals without introduction of additional NW signalling overhead.
Proposal 1. Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE are supported. And the condition is existence of paging.
As the discussion in our contribution [3], the PEI can be configured in the same slot with the first SSB burst. Assuming the configured TRS for IDLE/IANCTIVE UE are between two SS burst, there are three potential physical signals to carry the availability information of TRS/CSI-RS, which is illustrated as in Figure 1.


Figure 1. Potential physical signals carrying the availability information of TRS/CSI-RS
Alt 1. Carrying in PEI
The first alternative is carrying in PEI, which indicate whether the TRS is available or not before PO. Two aspects are considered in the restriction of only indicating the availability of TRS before PO. One is UE using TRS for AGC and T/F tracking mainly for receiving PO. Another is it’s up to NW’s implementation to transmit the TRS or not, the TRS transmitting time is not fixed. Considering the payload size of PEI should be designed as small as possible to guarantee the detection performance, the PEI can only indicate the availability information of TRS but not the available time. Therefore, PEI can only be used to indicate whether the TRS is available or not before PO. Whether to continue transmitting the TRS after PO is up to NW’s implementation and doesn’t have other availability information.
Alt 2. Carrying in paging DCI
The second alternative is carried in paging DCI, which can only indicate the availability information of TRS/CSI-RS after PO. Alt 2 has the same problem with Alt 1 which the TRS transmitting time is not fixed, thus, it is not easy to indicate available time of TRS/CSI-RS in paging DCI, e.g., NW cannot guarantee always transmitting the TRS before its next PO. In addition, only the waked up UE can receive the paging PDCCH, if one UE has never received paging before, it cannot receive the availability information.
Alt 3. Carrying in paging PDSCH(paging message)
The last alternative is carried in paging PDSCH, i.e., paging message, although this alternative can only indicate the availability information of TRS/CSI-RS after PO, but the available time information can also be carried in it without the payload size restriction which is different from Alt 2. But there is also the same problem with Alt 2, which only the waked up UE can receive the paging message.
After the analysis of three alternatives, we think PEI is preferred to carry the availability information, because all UE should monitor PEI before PO and the power saving gain is the largest.
Proposal 2. PEI can carry the availability information of TRS/CSI-RS, which indicate UE whether the TRS/CSI-RS is available or not before the associated PO.  
In addition, although NW can transmit the availability information of TRS/CSI-RS to assist UE, it should not require NW always provide the availability information. For example, if the availability information indication will increase the payload size of PEI, NW may not inform it to UE to guarantee PEI’s detection and coverage performance. Therefore, whether to inform the availability information in PEI can be configured by NW to UE.
Proposal 3. gNB can configure UE whether the availability information of TRS/CSI-RS is carried in PEI.
3. TRS/CSI-RS functionalities
In last RAN1 meeting, the agreement about functionalities in idle/inactive mode is as the following [2], the controversial issue is whether to support serving cell RRM measurement.
Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
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

As the agreement in last RAN1 meeting, whether any additional information needs to be included in the LS or not should be further discussed. We think the availability information of TRS/CSI-RS should be included in the LS, because this will impact the RRM measurement accuracy. For example, if the TRS/CSI-RS is not available but UE consider it exists, UE may measure some noise on the TRS/CSI-RS occasions and impact the measurement results. Considering the measurement periodicity/samples will also impact the serving cell measurement, e.g., TRS/CSI-RS is only transmitted in partial time in one measurement periodicity/sample, the detailed design of availability information of TRS/CSI-RS, e.g., PEI indicate UE whether the TRS/CSI-RS is available or not before the associated PO should also be included in the LS.
Proposal 4. The availability information signalling design of TRS/CSI-RS should also be included in the LS about UE using the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell.
4. Conclusions
In this contribution, the mechanism of providing potential TRS CSI-RS occasion(s) for idle/inactive UEs are discussed, and the following proposals are made.
Proposal 1. Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE are supported. And the condition is existence of paging.
Proposal 2. PEI can carry the availability information of TRS/CSI-RS, which indicate UE whether the TRS/CSI-RS is available or not before the associated PO. 
Proposal 3. gNB can configure UE whether the availability information of TRS/CSI-RS is carried in PEI.
Proposal 4. The availability information signalling design of TRS/CSI-RS should also be included in the LS about UE using the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell.
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