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1 Introduction
In RAN1 #104-e meeting, the following agreements regarding TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving were made.
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In this contribution, the remaining issues of TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving are discussed.
2 Whether to support periodic CSI-RS in addition to periodic TRS
One remaining issue in RAN1 #104-e is whether or not to support periodic CSI-RS in addition to periodic TRS. From the viewpoint of supporting companies, it allows more flexibilities for network to share the RS for connected mode UE to idle/inactive mode UE. However, in our understanding, the periodic TRS is expected to be configured to connected mode UE. And for supporting the RAN1 agreed functionalities for idle/inactive mode UE, e.g., AGC and time/frequency tracking, the periodic TRS is sufficient. Furthermore, since the structure of periodic TRS is simpler, the signaling resource overhead will be smaller if only it is supported. In conclusion, the additional benefit of supporting periodic CSI-RS in addition to periodic TRS is not clear and not justified, thus, there is no need to support it.
Observation 1: Periodic TRS is sufficient to support RAN1 agreed functionalities, e.g., AGC and time/frequency tracking, therefore, there is no need to additionally use other periodic CSI-RS for the same purpose.
Observation 2: Using periodic CSI-RS for the purposes in addition to AGC and time/frequency tracking is not agreed in RAN1 and its power saving gain is not justified.

Proposal 1: Periodic CSI-RS other than periodic TRS is not used as TRS/CSI-RS occasion(s) for idle/inactive mode UE.
3 TRS/CSI-RS availability indication
In RAN1 #104-e, it was agreed that UE assumes the availability of TRS/CSI-RS at the configured occasion(s) based on explicit signalling and there is no intended blind detection of the presence/absence of TRS/CSI-RS at UE side. The details of the signalling is FFS. The following alternatives can be considered to indicate the availability information for idle/inactive mode UE:
· Alt 1: SIB based signalling

· Alt 2: Indication in paging DCI
· Alt 3: SIB based signalling with UE autonomous SI update monitoring
· Alt 4: Indication in paging early indication (PEI) if PEI is configured
For SIB based signalling, the availability information can be configured together with the TRS/CSI-RS configuration(s). However, when the TRS/CSI-RS occasion(s) alters, the SI update procedure based on paging DCI is required to notify the UE(s) to acquire new information. This will introduce additional overhead for UE(s) not supporting this feature to also update the SI. To avoid the impact to legacy UE(s), the new SIB for TRS/CSI-RS configuration(s)/availability information and separate bits, e.g., reserved bits of paging DCI, for informing SI update can be considered. However, the resource overhead of paging DCI for notifying the SI update for TRS/CSI-RS configuration/availability information is still needed.
In Alt 2, the TRS/CSI-RS availability information can be indicated by the reserved bits of paging DCI. Similar to SIB based signalling, it also requires additional resource overhead for paging DCI when no one in the PO is paged. If the signalling overhead is minimized by notifying the TRS/CSI-RS availability information along the UE paging, it will cause long delay for information change especially for rare-paged or long-cycle UE(s).
Alt 3 and Alt 4 can avoid the additional signalling overhead since dedicated resource for updating the RS availability change is not required. In Alt 3, the UE(s) supporting this feature can monitor the SI update periodically and autonomously without additional notification, and the SIB for TRS/CSI-RS configuration and/or availability information can be newly introduced and dedicated for RS information. On the other hand, if PEI is configured, it can provide better flexibility to provide the instantaneous availability change without increasing the signalling resource overhead. To maximize the benefit of the TRS/CSI-RS occasion(s) for idle/inactive mode, the TRS/CSI-RS availability information indication and PEI can be jointly designed.
Observation 3: For TRS/CSI-RS availability information, SIB based and paging DCI based signaling both require dedicated signaling resource overhead. For SIB based signaling, paging DCI for notifying the system information modification is needed. And for paging DCI based signaling, the additional overhead is also needed if no one in the PO is paged.
Proposal 2: gNB to indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s) through SIB.
· UE(s) monitors SIB for TRS/CSI-RS configuration/availability information periodically without SI update notification.
Proposal 3: If paging early indication (PEI) is configured, gNB can indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s) through PEI.

4 TRS/CSI-RS Configurations
In this Section, we provide our views on the remaining issues of TRS/CSI-RS configuration.

Issue #1: SCS of TRS/CSI-RS configuration:

Regarding SCS of TRS/CSI-RS configuration, the following two alternatives were discussed in last meeting.

· Alt 1: same as initial BWP

· Alt 2: configurable parameter

In Alt 1, only the TRS/CSI-RS having the same SCS as initial BWP can be shared to idle/inactive mode UE(s). For Alt 2, it has more chance for network to share the TRS/CSI-RS occasion(s) from connected mode UE(s). It is up to UE whether to use the TRS/CSI-RS occasion(s) or not. If the time gap between SSB and TRS/CSI-RS occasion(s) (or between PO and TRS/CSI-RS occasion(s)) is sufficient for SCS switch, then UE can use the TRS/CSI-RS occasion(s) to achieve better time/frequency tracking result. 

Observation 4: For SCS of TRS/CSI-RS configuration, it has higher probability for network to share TRS/CSI-RS occasion(s) from connected mode UE(s) to idle/inactive mode UE(s) if SCS is configurable. It is up to UE whether to use the occasion(s) based on the SCS configuration and required time gap for SCS switch.
Proposal 4: The SCS of TRS/CSI-RS configuration is configurable.
Issue 2: Configuration of frequency location for TRS/CSI-RS occasion(s):
Regarding the configuration of frequency location, the following two alternatives were discussed in last meeting.
· Alt 1: within initial DL BWP

· Alt 2: is not restricted by initial BWP

No matter which alternative is chosen, there is no difference from the perspective of UE implementation because UE is not expected to receive TRS/CSI-RS outside the initial DL BWP in both alternatives. But, compared to Alt 1, Alt 2 is network configuration-friendly since the legacy TRS/CSI-RS configuration for connected mode UE(s) can be reused directly for idle/inactive mode UE(s). 
Observation 5: From the viewpoint of UE implementation, whether the configuration of frequency location for TRS/CSI-RS occasion(s) is within initial DL BWP or not has no difference. But for Alt 2, i.e., frequency location is not restricted by initial BWP, the legacy TRS/CSI-RS configuration for connected mode UE can be reused directly.
Proposal 5: The configuration of frequency location for TRS/CSI-RS occasion(s) is not restricted by initial DL BWP.
Issue 3: QCL information of TRS/CSI-RS occasion(s)

The following two alternatives are discussed for the configuration of QCL information.

· Alt 1: from higher layer configuration, e.g., qcl-InfoPeriodicCSI-RS
· Alt 2: QCL assumptions associated with transmitted SSBs implicitly, e.g., similar to PDCCH monitoring in PO
Compared to Alt 2, the drawback of Alt 1 is the QCL information is signalled explicitly. However, according to the field logs, the TRS is often configured as omnidirectional in Sub6 in real network. Even when mmW is used, it is still difficult to ensure that the TRS/CSI-RS can be transmitted in the beam direction of every SSB because the RS is shared from connected mode UE. Therefore, Alt 1 is more reasonable.
Observation 6: It is more reasonable to provide QCL information of TRS/CSI-RS occasion(s) from higher layer signalling. It is difficult to guarantee the transmitted TRS/CSI-RS can be QCLed with every SSB because RS is shared from connected mode UE(s).

Proposal 6: The QCL information of TRS/CSI-RS occasion(s) is from higher layer configuration.
5 Conclusion
In this contribution, we provide our views on the remaining issues for TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. In Section 2, we discuss whether or not to support periodic CSI-RS other than periodic TRS. In Section 3, we provide our views on the detailed signalling of TRS/CSI-RS availability information. And we further consider the configuration of TRS/CSI-RS in Section 4. Based on the discussions, we have the following observations and proposals.

Observation 1: Periodic TRS is sufficient to support RAN1 agreed functionalities, e.g., AGC and time/frequency tracking, therefore, there is no need to additionally use other periodic CSI-RS for the same purpose.
Observation 2: Using periodic CSI-RS for the purposes in addition to AGC and time/frequency tracking is not agreed in RAN1 and its power saving gain is not justified.
Proposal 1: Periodic CSI-RS other than periodic TRS is not used as TRS/CSI-RS occasion(s) for idle/inactive mode UE.
Observation 3: For TRS/CSI-RS availability information, SIB based and paging DCI based signaling both require dedicated signaling resource overhead. For SIB based signaling, paging DCI for notifying the system information modification is needed. And for paging DCI based signaling, the additional overhead is also needed if no one in the PO is paged.
Proposal 2: gNB to indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s) through SIB.
· UE(s) monitors SIB for TRS/CSI-RS configuration/availability information periodically without SI update notification.
Proposal 3: If paging early indication (PEI) is configured, gNB can indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s) through PEI.
Observation 4: For SCS of TRS/CSI-RS configuration, it has higher probability for network to share TRS/CSI-RS occasion(s) from connected mode UE(s) to idle/inactive mode UE(s) if SCS is configurable. It is up to UE whether to use the occasion(s) based on the SCS configuration and required time gap for SCS switch.
Proposal 4: The SCS of TRS/CSI-RS configuration is configurable.
Observation 5: From the viewpoint of UE implementation, whether the configuration of frequency location for TRS/CSI-RS occasion(s) is within initial DL BWP or not has no difference. But for Alt 2, i.e., frequency location is not restricted by initial BWP, the legacy TRS/CSI-RS configuration for connected mode UE can be reused directly.
Proposal 5: The configuration of frequency location for TRS/CSI-RS occasion(s) is not restricted by initial DL BWP.
Observation 6: It is more reasonable to provide QCL information of TRS/CSI-RS occasion(s) from higher layer signalling. It is difficult to guarantee the transmitted TRS/CSI-RS can be QCLed with every SSB because RS is shared from connected mode UE(s).
Proposal 6: The QCL information of TRS/CSI-RS occasion(s) is from higher layer configuration.
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Agreements:


Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:


powerControlOffsetSS,


scramblingID


firstOFDMSymbolInTimeDomain,


startingRB.


nrofRBs,


FFS other parameters


FFS applicable values


Agreements:


The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-eRAN1#105-e:


Alt1: same as initial BWP


Alt2: configurable parameter 


Agreements:


Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 


FFS details (including whether or not to restrict the RS to be TRS only)


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).





Conclusion


From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.











Agreements:


The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:


Alt-1: within initial DL BWP


Alt-2: is not restricted by initial BWP 


IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.


Agreements:


To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 


Alt-1: TCI state from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS


Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 


FFS details 


FFS details


Other alternatives are not precluded





Conclusion:


Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.








