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1. Introduction

During RAN plenary meeting 86, a new SID [2] on UE power saving enhancements was agreed. The WID was further revised [1] during RAN plenary meeting 88e with one of its objectives as 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 #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

During RAN 1 #103-e meeting, we have made the following agreements:

Agreement:
· 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).
· 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
Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)
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.)
Agreement:

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 discuss methods on how to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs.     
2. Discussion
Functionality of TRS/CSI-RS
During RAN1#102e meeting, it has been discussed the functionality of TRS/CSI-RS for RRC idle/inactive UE. It has been agreed that functionality of AGC, time/frequency tracking shall be supported. But it is still FFS on whether to support RRM and paging reception indication by TRS/CSI-RS.
For RRM measurement, a full set of reference signals covering all the downlink beams shall be transmitted in beam-sweeping manner. But for TRS/CSI-RS that is originally transmitted for connected UEs for the purpose of CSI measurement, time/frequency synchronization, it may not be transmitted with beam-sweeping manner. Therefore, TRS/CSI-RS configured for such purpose can’t be used for RRM measurements.
Proposal 1: TRS/CSI-RS configured for CSI measurement, time/frequency synchronization for connected UE can’t be used for RRM measurements for RRC idle/inactive UE.
It has also been proposed to use TRS/CSI-RS as paging reception indication. But the function and the presence or not of TRS/CSI-RS for connected UEs and paging reception indication may be totally different. For example, when there is paging for RRC idle/inactive UE, the UE shall be indicated to receive paging, but on the other hand, the TRS/CSI-RS may not be transmitted for connected UEs. Therefore, we don’t see it is reasonable to couple these two functions together. 
Proposal 2: Using TRS/CSI-RS as paging reception indication shall be further proved.
Configuration of TRS/CSI-RS occasion(s)
We have agreed that the configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signaling. But there is still divergence on using which kinds of high layer signaling. During the discussion, the proposed candidate high layer signaling were SIB, dedicated RRC signaling and RRC release message.
First of all, it shall be noted that TRS/CSI-RS occasion(s) is configured for RRC idle/inactive mode UE(s). For a UE in RRC idle/inactive states, it may reselect another cell when it moves. Therefore, if the TRS/CSI-RS occasion(s) are configured by dedicated RRC signaling or RRC release message, when the UE changes its camping cell, the TRS/CSI-RS occasion(s) can’t be used anymore. Please note that different cells may have different TRS/CSI-RS occasion(s) for connected UEs.
On the other hand, when TRS/CSI-RS occasion(s) is configured with SIB, the TRS/CSI-RS occasion(s) can be configured per-cell. When the UE changes it camping cell, it can update the TRS/CSI-RS occasion(s) by reading the SIB of the cell. Therefore, it would be much flexible by using SIB to configure TRS/CSI-RS occasion(s).

Proposal 3: SIB is used to configure TRS/CSI-RS occasion(s).

Whether and how to inform availability of TRS/CSI-RS
During RAN1#102e, we have agreed that always-on TRS/CSI-RS transmission by gNodeB is not required and it is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs. But companies haven’t achieved consensus on whether and how to inform the availability of TRS/CSI-RS. It is proposed by some companies that the availability of TRS/CSI-RS can be up to UE’s blind detection thus no informing signaling is needed.

But in our understanding, with UE’s blind detection of the TRS/CSI-RS, there would be no UE’s power saving anymore by usage of TRS/CSI-RS. The reason is that firstly blind detection itself would consume UE’s power. Secondly, if the UE know in advance the availability of TRS/CSI-RS, the UE can use the TRS/CSI-RS for AGC and synchronization together with SSB, reduced number of SSB would be needed, e.g., maybe one SSB would be enough for UE in low SINR. The UE just have to wake up one SSB period before the paging occasion. Otherwise, if the UE doesn’t know in advance the availability of TRS/CSI-RS, the UE have to wake up earlier to firstly detect the existence of TRS/CSI-RS, if there is no TRS/CSI-RS, the UE have to go back to use SSB for synchronization. Therefore, in this case, there is no UE’s power saving due to earlier wake up. So, we propose that the availability of TRS/CSI-RS shall be informed to the UE.
Proposal 4: the availability of TRS/CSI-RS shall be informed to the UE

On how to inform the availability of TRS/CSI-RS to the UE, during RAN1#102e meeting,  it was proposed to use L1 signaling such as paging DCI to indicate the available TRS/CSI-RS. L1 signaling can realize dynamic indication of TRS/CSI-RS, which would well adapt to the change of available TRS/CSI-RS. When the TRS/CSI-RS is not needed for RRC connected UE, the network can quickly indicates the absence of the TRS/CSI-RS for RRC idle/inactive UE.  When the TRS/CSI-RS is active for some a RRC connected UE, the network can quickly indicates the presence of the TRS/CSI-RS for RRC idle/inactive UE.  

Proposal 5: L1 signaling such as paging DCI can be used to indicate the available TRS/CSI-RS.

3. Conclusions
In this contribution, we discussed methods on how to provide potential TRS/CSI-RS occasion(s) available for connected mode to idle/inactive-mode UEs.  We have the following proposals.   
Proposal 1: TRS/CSI-RS configured for CSI measurement, time/frequency synchronization for connected UE can’t be used for RRM measurements for RRC idle/inactive UE.
Proposal 2: Using TRS/CSI-RS as paging reception indication shall be further proved.
Proposal 3: SIB is used to configure TRS/CSI-RS occasion(s).

Proposal 4: the availability of TRS/CSI-RS shall be informed to the UE

Proposal 5: L1 signaling such as paging DCI can be used to indicate the available TRS/CSI-RS.
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