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Introduction
[bookmark: _Toc242573354]In continuation of the R16 work done for NR UE Power Saving, it was proposed to consider further enhancements for this work item in R17 scope. The details of the WI objective are captured in [1].
One of the topics to be considered for this is covered as part objective 1.b in section 4.1 of [1] related to TRS/CSI-RS occasions for IDLE/INACTIVE UEs.
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 addition, the incoming LS from RAN1 [2], the following agreements are made by RAN1
RAN1#103-e
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
RAN1#102-e
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).
- 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.
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.

In this contribution, we would like propose some aspects of signalling of TRS/CSI-RS in the light of the current RAN1 inputs.
Discussion
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]As per the current RAN1 agreements, the TRS/CSI-RS resource for CONNECTED mode UEs are to be shared with IDLE/INACTIVE mode UEs. In this regard, it is also proposed to use SIB signalling to provide the required TRS/CSI-RS configuration to the IDLE/INACTIVE UEs. Given that only a subset of R17 UEs which support the enhanced NR UE power saving feature would be interested in this TRS/CSI-RS configuration, from a design perspective it is reasonable to include this information as part of a new SIB. Having this as part of a new SIB alleviates any potential impacts to Pre-R17 UEs and R17 UEs which do not support this feature. Also, having a new SIB ensures that there are no size limitation on the configuration information being carried, and makes the solution scalable for future needs if any.
Observation 1 : Decision on having the TRS/CSI-RS configuration as part of existing / new SIB should ensure no impact to existing SIB handling and solution should be scalable for future needs if any.
Proposal 1 : Define a new SIB-X to carry the TRS/CSI-RS configuration at a cell level, to ensure backward compatibility and future proof design. 
Since there could be many CONNECTED mode UEs in the cell, the NW would be supporting a set of TRS/CSI-RS configuration for those UEs in CONNECTED mode. The NW can potentially broadcast a set of TRS/CSI-RS configuration as part of the SIBs to share these with IDLE/INACTIVE mode UEs with each of these configuration uniquely identified by a configuration index.
Observation 2 : There can be set a TRS/CSI-RS configuration parameters that the NW uses for the CONNECTED mode UEs in the cell.
Proposal 2 : NW can potentially broadcast a set of TRS/CSI-RS configuration that is shared between CONNECTED and IDLE/INACTIVE mode UEs.
[bookmark: _Toc242573361]In a given cell deployment, the NW can assign multiple TRS/CSI-RS occasions which are shared across IDLE/INACTIVE/CONNECTED mode UEs. IDLE/INACTIVE mode UEs would ideally like to monitor those TRS/CSI-RS occasions which are closest to its Paging Occasion, with an intent to achieve time/frequency alignment just prior to their IDLE/INACTIVE page decode occasion with a minimal wakeup duration. In this case, for UEs which are transitioning from CONNECTED mode to IDLE/INACTIVE mode, since the NW is aware of the available TRS/CSI-RS configuration in the cell and the PO of the UE transitioning to IDLE/INACTIVE mode, the NW can potentially signal in RRC RELEASE the optimal configuration index that the UE needs to monitor for TRS/CSI-RS after going into IDLE/INACTIVE mode. Such kind of dedicated signalling would help the UE to acquire the optimal TRS/CSI-RS resource while transitioning from CONNECTED to IDLE/INACTIVE mode.
[bookmark: _GoBack]Observation 3 : The TRS/CSI-RS occasion can be shared across multiple IDLE/INACTIVE/CONNECTED mode UEs.
Observation 4 : UEs would monitor the TRS/CSI-RS occasion closest to their IDLE/INACTIVE Paging Occasion to help in power saving.
Proposal 3 : NW can assist the UE transitioning from CONNECTED to IDLE/INACTIVE mode, by signalling the optimal TRS/CSI-RS occasion that this UE should use (taking into account this UE PO) via RRC signalling (e.g. RRC RELEASE).
For UEs which are just powering on in the cell or just reselected into the cell, it is necessary to ensure that they derive the power benefit of such shared TRS/CSI-RS configuration. For those UEs,  the presence of the newly introduced SIB-X as part of the SIB scheduling information would allow the UEs to autonomously choose the optimal TRS/CSI-RS resource based on its configured PO. Additionally making this new SIB-X on demand, would ensure that only those UEs which are interested in SIB-X would make an attempt to acquire this new SIB-X.
Observation 5 : IDLE/INACTIVE UEs that are just powered on in the cell or reselected into the cell, and not entered CONNECTE mode yet in the current cell need to benefit from this shared TRS/CSI-RS configuration.
Proposal 4 : Defining the SIB-X as on-demand would help  IDLE/INACTIVE UEs that are just powered on in the cell or reselected into the cell, and not entered CONNECTE mode yet in the current cell to acquire them based on their feature support for enhanced UE power saving.
Networks can dynamically chose to enable/disable/modify the TRS/CSI-RS configuration in the cell due to different reasons (e.g. no further UEs in CONNECTED mode). IDLE/INACTIVE mode UEs will also get impacted due to this, as they share the same TRS/CSI-RS configuration as the CONNECTED mode UEs. Such IDLE/INACTIVE mode UEs needs to be informed of any change to the current TRS/CSI-RS configuration to help them adjust to the new configuration changes. In case of any modification change to the TRS/CSI-RS configuration carried in the SIB-X, NW can use existing SIB modification procedure to indicate to the IDLE/INACTIVE UEs to reacquire the updated SIB-X. 
Observation 6 : Networks can dynamically enable/disable/modify the TRS/CSI-RS configuration in the cell, and would need an efficient signalling mechanism to indicate such events to the IDLE/INACTIVE UEs.
Proposal 5 : Existing SIB modification procedure can be used to indicate to the IDLE/INACTIVE UEs changes to the existing SIB-X that carries the TRS/CSI-RS configuration.
Conclusion
Observation 1 : Decision on having the TRS/CSI-RS configuration as part of existing / new SIB should ensure no impact to existing SIB handling and scalable for future needs if any.
Proposal 1 : Define a new SIB-X to carry the TRS/CSI-RS configuration at a cell level, to ensure backward compatibility and future proof design. 
Observation 2 : There can be set a TRS/CSI-RS configuration parameters that the NW uses for the CONNECTED mode UEs in the cell.
Proposal 2 : NW can potentially broadcast a set of TRS/CSI-RS configuration that is shared between CONNECTED and IDLE/INACTIVE mode UEs.
Observation 3 : There can be a set of TRS/CSI-RS occasions that the NW can broadcast in a given cell. The TRS/CSI-RS occasion can be shared across multiple IDLE/INACTIVE/CONNECTED mode UEs.
Observation 4 : UEs would monitor the TRS/CSI-RS occasion closest to their IDLE/INACTIVE Paging Occasion to help in power saving.
Proposal 3 : NW can assist the UE transitioning from CONNECTED to IDLE/INACTIVE mode, by signalling the optimal TRS/CSI-RS occasion that this UE should use (taking into account this UE PO) via RRC signalling (e.g. RRC RELEASE).
Observation 5 : IDLE/INACTIVE UEs that are just powered on in the cell or reselected into the cell, and not entered CONNECTED mode yet in the current cell need to benefit from this shared TRS/CSI-RS configuration.

Proposal 4 : Defining the SIB-X as on-demand would help  IDLE/INACTIVE UEs that are just powered on in the cell or reselected into the cell, and not entered CONNECTE mode yet in the current cell to acquire them based on their feature support for enhanced UE power saving.
Observation 6 : Networks can dynamically enable/disable/modify the TRS/CSI-RS configuration in the cell, and would need an efficient signalling mechanism to indicate such events to the IDLE/INACTIVE UEs.
Proposal 5 : Existing SIB modification procedure can be used to indicate to the IDLE/INACTIVE UEs changes to the existing SIB-X that carries the TRS/CSI-RS configuration.
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