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1	Introduction
WID on UE power saving was approved in RP-200938
In this contribution we discuss potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs as per the following study item objective:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) 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



2	Discussion

In RAN1#102e following agreements were reached: 
	Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.
Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
[bookmark: _Hlk54102511]-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
- FFS for other RS types
-  FFS: Whether UE blind detection is required or not.

Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
-           AGC, time/frequency tracking
-           FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication




The different mechanisms to deliver the configuration of the RS to the IDLE/INACTIVE mode UEs was discussed in last RAN1 meeting, and it was agreed that the delivery of the configuration is done via higher layer signaling:
	Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
-           FFS for other signalling candidates (e.g., pre-configuration, etc.)
-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)



[bookmark: _Hlk47546847]Now as noted in the agreement made in RAN1#102e, there could be various different signaling mechanism considered. The design of the actual higher layer signaling mechanism evidently falls under RAN2 area. Even though there is no guarantee that the TRS/CSI-RS are available, the network may provide a configuration of the RS to the UEs. The configuration may become large and infeasible to signal via SIBs, which are cell-specific i.e. common to all beams. However, configuration content should be decided by RAN1. In the work item it stated to “Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]”. RAN2 should be responsible for signalling aspects and RAN1 should decide what exactly is signalled to the UE. Therefore we propose the following:
Proposal 1: RAN2 decides signalling aspects of potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs after RAN1 has concluded the content of the signaling
2.1 Presence indication
The aspects related to presence indication or guarantee for the IDLE/Inactive UEs for potential TRS/CSI-RS occasions(s) was discussed in RAN1#103e with agreeing to consider following options:
	[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· [bookmark: _Hlk61367004]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 key aspect discussed in RAN1 on the TRS/CSI-RS occasion(s) for IDLE/INACTIVE mode UEs was the indication of the presence of the potential TRS/CSI-RS occasions versus UE autonomously detecting the presence of the TRS/CSI-RS occasions. 
It was discussed that if UE does not have certainty that the RS are actually present in the informed occasions, UE would not be able to utilize them to the fullest extent. If the UE would not have a guarantee on the presence, it would need to evaluate the presence of the TRS/CSI-RS in the occasions so that it could fall-back to the use of the SSBs for synchronisation. Thus, there would be additional cost applied in the case that no TRS are present/detected. 
From network perspective the problem is different. As per existing design, NR does not have any fixed LTE style of reference signals, e.g. CRS, but such are omitted to enable e.g. more flexible co-existence and forward compatibility. Enforcing, for the merit of the IDLE/INACTIVE UEs, the network to transmit such continuously, would affect the network overhead (albeit slightly if period is long) but more importantly to the network power consumption. It is also good to note, that as there are no fixed LTE style reference signals in earlier releases, legacy UEs for example receiving SI or paging in IDLE, do not assume such either and therefore gNB must avoid overlap of TRS with such PDSCH allocation.
Observation: increasing frequency and/or duration of the TRS/CSI-RS transmission for RRC IDLE/INACTIVE will increase the network power consumption
At least system information based and paging based methods could be considered for providing the presence/availability indication. When considering presence/availability indication for the configured TRS/CSI-RS occasions it would be the lead time for changing the status (present/not present) is the key component for the network power consumption. Different presence/availability indication methods could of course have different lead times. Of course, introducing more frequent indication methods has the drawback that they will increase the ‘always-on’ overhead and thereby reduce the potential for energy efficiency of the network. 
As there is no mandate for the UE to use the TRS/CSI-RS occasions, i.e. it is left completely for UE implementation whether to use the TRS/CSI-RS occasion or not, it would seem counter intuitive to mandate network to always provide presence/availability indication. 
Proposal 2: Configuration for potential TRS/CSI-RS occasion(s) can be provided to IDLE/INACTIVE mode UEs without presence/availability information. 
Proposal 3: Benefits and drawbacks of frequent TRS/CSI-RS presence/availability indication needs to be studied further 
Proposal 4: Network can optionally provide TRS/CSI-RS presence/availability information in system information. Details are FFS.

3	Conclusion
In this contribution potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs was discussed, and the following is proposed:
Proposal 1: RAN2 decides signalling aspects of potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs after RAN1 has concluded the content of the signaling
Proposal 2: Configuration for potential TRS/CSI-RS occasion(s) can be provided to IDLE/INACTIVE mode UEs without presence/availability information. 
Proposal 3: Benefits and drawbacks of frequent TRS/CSI-RS presence/availability indication needs to be studied further 
Proposal 4: Network can optionally provide TRS/CSI-RS presence/availability information in system information. Details are FFS.
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