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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
The aspects related to presence indication or guarantee for the IDLE/Inactive UEs for potential TRS/CSI-RS occasions(s) was discussed in RAN1#104e with following agreement:
	[bookmark: _Hlk56167136]Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).



In RAN104bis-e the availability indication was discussed and following agreement was made:
	
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, one or more alternatives from the following can be supported:
· Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded




In RAN1#105 the working assumption regarding L1 based availability indication was confirmed and a new working assumption was made related to availability indication:
	Agreement:
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling

Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB

Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
· FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously




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 always ON periodic signals may increase the network power consumption

In RAN2#116 the following was agreed:

RAN2 assumes to support current RAN1 working agreement of L1 based signalling for TRS/CSI-RS availability indication. FFS whether it should be possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling.

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. 
In certain cells, where traffic and TRS transmission is assumed to have more or less constant time behaviour, having option to enable (indicate availability) more or less in static manner via SI could be considered, in addition to L1 availability indication. Thus, as a one option configuration for potential TRS/CSI-RS occasion could be provided to IDLE/Inactive mode UEs without L1 dynamic presence/availability indication assuming ‘semi-static’. 
Proposal 1: It is possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling.
Proposal 2: TRS/CSI-RS configuration can be utilized by the UE without TRS/CSI-RS L1 based availability mechanism. 
Some network implementations may be aware of rough time occasions during the day/week when the TRS is transmitted on the cell for CONNECTED UEs. Such time information could be provided to the IDLE/INACTIVE UEs is system information. Such rough time information would not cause frequent presence information signalling. 
In static SI based approach, providing information to the UE for when the TRS can be assumed to be (or not to be) available. E.g. assuming that in the cell there are somewhat deterministic ‘peak traffic’ hours when there is large number UEs active in CONNECTED mode, resulting that TRS would be active, static TRS availability time could be informed to the UE e.g. in a form of availability time table could be provided in SI. For example, the time table can define hours when TRS are present/not available in the cell. This would prevent the need to send or configure any physical layer indications or changing the SI.
Proposal 3: Support providing static TRS availability configuration in system information, e.g. in a form of a time table.
In RAN2 #115 meeting the following was agreed
	The TRS/CSI-RS configuration is provided in a new SIB.
RAN2 assumes that TRS/CSI-RS configurations are broadcasted. Potential addition of dedicated signalling can be discussed in a later meeting based on company contributions.
The legacy SI update procedure is used for changing TRS/CSI-RS configurations.
[bookmark: _Hlk80804559]On demand SI should be possible for the SIB with TRS/CSI-RS information.



The last point on use of on demand SI was motivated by the fact that network can save energy and reduce signalling if the network only provides the TRS/CSI-RS configuration when there is actually a UE in need of it. This is especially important considering the potentially large size of the configuration.
Observation: On demand SI for the SIB with TRS/CSI-RS configuration is beneficial for reducing network energy and signalling.
According to current RRC specification, the UE is required to start timer T350 after transmitting a request for a SIB. The UE is not allowed to transmit a new request until the timer is no longer running, e.g. due to expiry or change of PCell. These requirements however only apply to RRC Connected UEs.  
The TRS/CSI-RS configuration is cell specific and therefore a moving RRC Idle/Inactive UE could potentially request the configuration whenever it reselects to a new cell. If the UE is not likely to stay in the new cell for a long time period it would waste system resources (and UE energy) to trigger the on demand request of the SI containing the TRS/CSI-RS configuration.
Proposal 4: On demand SI request for the SIB with TRS/CSI-RS information is restricted. Details 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: It is possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling.
Proposal 2: TRS/CSI-RS configuration can be utilized by the UE without TRS/CSI-RS L1 based availability mechanism. 
Proposal 3: Support providing static TRS availability configuration in system information, e.g. in a form of a time table.
Proposal 4: On demand SI request for the SIB with TRS/CSI-RS information is restricted. Details FFS.





