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Introduction
[bookmark: Proposal_Pattern_Length]A Work Item on UE power saving enhancements was agreed at RAN plenary #86 [1]. One of the objectives in the WID is the following;

	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 #100 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




Related to the objective 1b above, RAN1 made an agreement in RAN1#103-e meeting on the high level principle of signalling method for the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE (s) in Rel-17 UE power saving enhancements [2]. 
Agreements:
· SIB signaling 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 signaling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2

The agreement is summarized in an LS with an action for RAN2 to take the signalling method for the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s) into account in the corresponding RAN2 study. 
At the RAN2#113e meeting, the following agreements were made [3];
	[041] On signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):
SIB signalling is the baseline;
Other dedicated high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) can be additionally considered with justification. It is assumed they do not work alone.
[041] RAN2 will down select from the following options on SIB signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):
Option 2: Existing SIB, other than SIB1;
Option 3: New SIB type, e.g. SIB-x;




In this contribution, we discuss the signaling method for the TRS/CSI-RS configuration for idle/inactive mode UEs.
Discussion
RAN1 agreed to use SIB to convey the configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs. In the legacy NR, the following SIBs have been introduced:
	System Information
	Content

	MIB
	SFN, cell barring info, SIB 1 reception information

	SIB 1
	Cell identity, Serving cell information (BWP, RACH, Paging info), TAC, RANAC, Other system information (OSI) scheduling information, UE timers, etc

	SIB 2
	General cell reselection information, intra-frequency cell reselection information

	SIB 3
	Cell specific information for intra-frequency cell reselection

	SIB 4
	Inter-frequency cell reselection information

	SIB 5
	Inter-system cell reselection (e.g. to LTE) information

	SIB 6
	ETWS primary notification

	SIB 7
	ETWS secondary notification

	SIB 8
	CMAS notification

	SIB 9
	Timing information (UTC, GPS, …)



MIB and SIB1 are known as Minimum System Information. MIB is periodically transmitted by gNB in PBCH. SIB1 is also periodically transmitted by gNB as it contains essential cell-specific information. Upon acquiring MIB and SIB1, the UE is allowed to camp on a cell.
The other SIBs are known as on-demand SI because gNB transmits these SIBs when UE explicitly request for it. The UE is not required to acquire these SIBs in order to camp on a cell. As shown in Table 1, each SIB has a dedicated purpose. For example, SIB 6 is about ETWS and SIB 8 only contain CMAS notification.
Observation 1 –Each legacy SIB is designed to carry a specific purpose/content.
The legacy TRS configuration for connected mode UEs is configured via RRC messaging. The TRS configuration contains mandatory fields, such as:
· TCI states configuration where the QCL relation between TRS and SSB is provided.
· CSI-RS configuration where the resource allocation configuration of individual CSI-RS is provided.
· CSI-RS resource-set configuration where the assignment/allocation of CSI-RS as TRS is provided.
There are also optional parameters in the legacy TRS configuration. The details of parameters and the required bits for the above mandatory fields (and excluding optional parameters) are given in Appendix A.
We observed that the estimated minimum configuration size of TRS configuration for each spatial filter is around 27 bytes with the following break-down:
· TCI states: 		4 bytes
· CSI-RS config: 		20 bytes
· CSI-RS Resource set config: 3 bytes
Depending on the SSB configuration, a gNB with 64 SSBs requires a TRS configuration size of 1728 bytes. Furthermore, a gNB may support multiple TRS configurations as there can be many connected UEs. Each or some of the connected UEs may have its own TRS configuration. During idle/inactive mode, a UE can be configured with one of those multiple TRS configurations. We consider that the configuration of potential TRS/CSI-RS for idle/inactive mode is provided by dedicated RRC signaling. This is in a similar fashion to conveying the TRS for connected mode UEs in legacy NR. In legacy NR, when the UE switches to idle mode, the UE is expected to remove the connected mode configuration. Particularly in this case, we expect the UE to keep the TRS configuration so that the UE can use it while the UE is in idle/inactive mode. There is also another case where the UE in idle/inactive mode uses the new TRS configuration. The new TRS configuration may not the same as the TRS configuration used when the UE was in connected mode.

Observation 2; The UE may use the same or a different TRS configuration in Idle/Inactive mode as used in Connected mode.
Observation 3: TRS/CSI-RS configuration size with mandatory parameters is not small and it can have a size of up to 1728 bytes.

Related to the discussion in RAN2 [3], and the agreement to down select, whether to use a legacy SIB or define a new SIB, we think, considering the TRS/CSI-RS configuration is relatively large, and the SIB is designed for a certain purpose then we propose a new SIB that contain TRS/CSI-RS configuration. Furthermore, the legacy TRS/CSI-RS configuration is a UE-specific signaling. In principle, a cell can accommodate multiple TRS/CSI-RS for different connected mode UEs. The new SIB should also consider supporting multiple TRS/CSI-RS configuration. 

Proposal 1 – Introduce a new SIB that contains TRS/CSI-RS configuration

The SIB for TRS/CSI-RS configuration is categorized as on-demand SI in which it will be sent to the UE once the gNB has received SI request. This is particularly useful for a UE which moves to a new cell. Once the UE enters a new cell and still operating in idle mode, the UE can request the system information carrying TRS/CSI-RS configuration.
There is also another scenario where a connected mode UE in a cell changes its state to idle/inactive mode. This particular UE has received TRS/CSI-RS configuration and uses it when the UE is in connected mode. It is expected that the UE may re-use the same TRS/CSI-RS configuration in idle/inactive state. Hence, it may not be efficient if this particular UE needs to acquire SI containing an identical TRS/CSI-RS configuration for idle/inactive. 
A more compact information can be indicated to that UE or even just an indication to re-use the TRS configuration used when in Connected mode
Observation 4 – A UE that moves from connected to idle/inactive mode can in principle re-use the TRS/CSI-RS that has been used during connected mode.


A UE that was in connected mode (therefore has acquired TRS/CSI-RS for connected mode) may not necessarily acquire the TRS/CSI-RS by requesting OSI containing TRS/CSI-RS configuration. This is particularly the case where the UE in idle mode can continue to use the same TRS/CSI-RS configuration that it had when it was in connected mode. There can be, for example, a flag in a dedicated RRC or RRC release message indicating that once the UE in idle/inactive mode, the UE can re-use the same TRS/CSI-RS. Here, we basically propose that the TRS/CSI-RS configuration is signaled in a dedicated RRC/RRC release message. 

According to the WID, idle/inactive mode UEs can re-use TRS/CSI-RS occasion(s) available in connected mode (of other UEs). The TRS/CSI-RS configuration for connected mode UEs is provided via UE specific RRC messaging. Hence, in practice, two or more connected mode UEs can receive different TRS/CSI-RS configurations or basically the gNB transmits multiple TRS/CSI-RS with different configurations. It would be beneficial if idle/inactive mode UE know the existence of the multiple TRS/CSI-RS configurations.


Proposal 2: Support TRS/CSI-RS indication and possible alternative TRS/CSI-RS configuration in dedicated RRC/RRC release message.


Conclusion
In this contribution, the following observations and proposals are made.

Observation 1 – Each legacy SIB is designed to carry a specific purpose/content.
Observation 2; The UE may use the same or a different TRS configuration in Idle/Inactive mode as used in Connected mode.
Observation 3: TRS/CSI-RS configuration size with mandatory parameters is not small and it can have a size of up to 1728 bytes.
Observation 4 – A UE that moves from connected to idle/inactive mode can in principle re-use the TRS/CSI-RS that has been used during connected mode.
Proposal 1 – Introduce a new SIB that contains TRS/CSI-RS configuration
Proposal 2: Support TRS/CSI-RS indication and possible alternative TRS/CSI-RS configuration in dedicated RRC/RRC release message.
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