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1. Introduction

During RAN 1 #104bis-e meeting, we have made the following agreements on RS occasion for idle/inactive UEs:

Agreement:
SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as SCS of CORESET#0.

Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.

· FFS details of the QCL information, e.g. associated SSB index
Agreement:
IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

· Configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial BWP. 

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 signaling

Agreement:

Configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only, including following limitations
· Configuration parameters that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· Applicable values that are necessary to provide configuration of periodic TRS for idle/inactive UEs

· If the configuration is provided, idle/inactive UEs can always implicitly assume that trs-info is configured. 

· The parameter trs-info does not need to be provided in the configuration
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 is associated with at least one resource 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 this contribution, we further discuss whether and how to inform the availability of TRS/CSI-RS to idle/inactive-mode UEs.     
2. Discussion
During RAN1#104bis-e meeting, how to indicate the availability of TRS/CSI-RS at the configured occasion(s) was further discussed and we have the following wroking assumptions:

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 signaling

Using L1 signaling to indicate the availability of TRS/CSI-RS. L1 signaling can realize dynamic indication of TRS/CSI-RS, which would well adapt to the availability of the TRS/CSI-RS. With L1 signaling, when the TRS/CSI-RS is active for RRC connected UEs, the network can quickly indicate the presence of the TRS/CSI-RS for RRC idle/inactive UE. Similarly, when TRS/CSI-RS is not needed for RRC connected UE, the network can quickly indicate the absence of the TRS/CSI-RS for RRC idle/inactive UE.  

The remaining issue is which L1 signaling shall be used. During previous RAN1 meetings, L1 signaling methods with paging DCI or PEI have been proposed.  

For paging DCI method, it is noted that there are still 6 bits reserved in paging DCI and 6 bits not used within the 8 short message bits thus these reserved/unused bits can be considered to be used to inform the availability of TRS/CSI-RS. The timing relationship between the paging DCI for TRS availability indication and the UE’s PO shall be predefined or configured. Generally, there shall be a time gap between the paging DCI for TRS availability indication and the UE’s PO for the UE to have sufficient time to perform time and frequency synchronization using TRS. For example, the paging DCI in previous paging cycle for the UE can be used to indicate the availability of TRS/CSI-RS for the current paging cycle, as shown in Figure 1. Alternatively, the paging DCI in previous paging occasions (for other UEs) can be used to indicate the availability of TRS/CSI-RS for a UE’s paging occasion as shown in Figure 2.
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Figure 1 DCI in previous paging cycle indicate whether there is RS for the current paging cycle
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Figure 2 Paging DCI in previous PO indicate whether there is RS for current PO

In addition, it has been agreed to introduce PEI to indicate whether there is paging message for the UE in the following paging occasion. Therefore, PEI can also be considered to inform the availability of TRS/CSI-RS. 
With either of the above methods, there is no additional overhead for the network since reserved/unused bits in paging DCI or only a few of PEI bits is used therefore the impact to the network in minimized.

Proposal 1: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.
The following question would be whether both paging DCI and PEI are used or only one of them is used for TRS availability indication. In our views, TRS for synchronization and PEI are two separate power saving features for idle/inactive UEs, it is reasonable to support decouple of these two features when designing the signaling for the sake of network flexibility. Otherwise, there would be dependency of the other when one feature is enabled. Therefore, at least paging DCI shall be used for TRS availability indication. When PEI is configured for idle/inactive UEs, PEI can alternatively be used. Or, the network can configure to use one of paging DCI or PEI in this case.

Proposal 2: At least paging DCI shall be used for TRS availability indication.
Proposal 3: When PEI is configured for idle/inactive UEs, PEI can alternatively be used (e.g., based on network’s configuration) for TRS availability indication.

During RAN1#104bis-e meeting, it has been proposed to use SIB-based indication method in addition to L1 signaling. In our views, though it is feasible to use SIB to indicate the TRS availability, there are at least 2 drawbacks with SIB-based indication: 1) power consumption needed for reading SIB when TRS availability is updated. 2) SIB update periodicity is in the range from hundreds of milliseconds to thousands of milliseconds, which will restrict the flexibility of using TRS send for connected UEs. 

Observation 1: SIB-based indication has the following drawbacks: 1) additional power consumption 2) restriction of the flexibility of using TRS send for connected UEs.
It has been agreed during RAN1#104bis-e to support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs while the details are still FFS. In our views, reusing the current higher layer configuration signaling, e.g., qcl-InfoPeriodicCSI-RS is more straightforward, the QCL information configured for connected UEs can be directly configured for idle/inactive UEs. It shall be noted that for RRC idle mode UE, only SSB can be used as stable reference of TCI state since TRS may or may not transmitted. Therefore, qcl-InfoPeriodicCSI-RS shall refer to a SSB index.
Proposal 4:  QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is derived from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS. 
· qcl-InfoPeriodicCSI-RS shall refer to a SSB index
Indication signaling 

For the detailed indication signaling in L1 channel, we have agreed the following during RAN1#104bis-e:
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 is associated with at least one resource 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

With the above two alternatives, alternative 1 can realize individual indication for each CSI-RS resource set or each CSI-RS resource set group if a bitmap is used. Alternative 2 may save the overhead if limited values are used for limited CSI-RS resource configurations. Generally, alternative 1 is more flexible while alternative 2 brings in restrictions of the available CSI-RS resource configurations due to limited vale combinations. Therefore, we prefer to adopt alternative 1.
One remaining discussion point is whether availability/unavailability information is for all configured RS resources or for some of configured RS resources. For different paging occasions, the corresponding RS occasions may be different due to different periodicities of the RSs. Therefore, it may be possible to save the overhead in some cases if the availability/unavailability information can correspond to different RS set/group for different paging occasions. On the other hand, such flexibility may complicate the gNB’s configuration and the availability/unavailability indication, and the UE’s RS processing may also be complicated. In addition, in most of the cases, the indication overhead is determined by the POs with the largest number of CSI-RS occasions. Therefore, we prefer to support availability/unavailability information for all configured RS resources.
Proposal 5: Availability/unavailability information is for all configured RS resources using a bitmap.
· each bit is associated with one resource or a set/group of resources

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.  
Observation 1: SIB-based indication has the following drawbacks: 1) additional power consumption 2) restriction of the flexibility of using TRS send for connected UEs.
Proposal 1: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.
Proposal 2: At least paging DCI shall be used for TRS availability indication.

Proposal 3: When PEI is configured for idle/inactive UEs, PEI can alternatively be used (e.g., based on network’s configuration) for TRS availability indication.

Proposal 4:  QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is derived from higher layer configuration, e.g., qcl-InfoPeriodicCSI-RS. 
· qcl-InfoPeriodicCSI-RS shall refer to a SSB index
Proposal 5: Availability/unavailability information is for all configured RS resources using a bitmap.
· each bit is associated with one resource or a set/group of resources

4. Reference
[1] Chairman notes of 3GPP RAN1#104bis-e 
PO
PO
PO
DCI in previous paging cycle indicate whether there is RS for the current paging cycle
Paging Cycle
Paging Cycle



PO1
PO2
PO3
PO4
PO5
PO6
DCI in PO1 indicate whether there is RS for PO4



