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1 Introduction
In RAN1 #104b-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, we discuss the remaining issues of TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving.
2 TRS/CSI-RS availability indication
In this section, we discuss the remaining issues regarding TRS/CSI-RS availability indication.

2.1 Issue #1: signalling method

In RAN1 #104b-e, one working assumption was made to support L1-based signalling for the TRS/CSI-RS availability indication. Compared to SIB-based signalling with existing SI update procedure, L1-based signalling is potential to provide prompt indication(s) without introducing additional signalling overhead and UE power consumption on triggering and monitoring the SI update. Since RAN1 does not agree to have SI update procedure enhancement, we propose to confirm the working assumption and only support L1-based signalling method.
Proposal 1: Confirm the following working assumption to support L1-based signalling for TRS/CSI-RS availability indication.
· Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
Proposal 2: SIB-based signalling with existing SI update procedure is not supported for TRS/CSI-RS availability indication.
For L1-based signaling, there are two candidates as follows.

· Option 1: Indication in paging DCI

· Option 2: Indication in paging early indication (PEI) if PEI is configured

For Option 1, the TRS/CSI-RS availability information can be indicated by the reserved bits of paging DCI. However, similar to SIB-based signalling with existing SI update procedure, 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).
Option 2 can avoid the additional signalling overhead since dedicated resource for updating the TRS/CSI-RS availability change is not required. Therefore, to maximize the benefit of the TRS/CSI-RS occasion(s) for idle/inactive mode, the TRS/CSI-RS availability information indication and PEI should be jointly designed.
Observation 1: For paging DCI based signaling, the additional signaling overhead is needed if no one in the PO is paged. However, for PEI based signaling, the dedicated resource for updating the TRS/CSI-RS availability change is not required. Therefore, PEI based signaling can maximize the benefit of the TRS/CSI-RS occasion(s) for idle/inactive mode UE.

Proposal 3: If paging early indication (PEI) is configured, gNB indicates the TRS/CSI-RS availability information to idle/inactive mode UE(s) through PEI.
2.2 Issue #2: indication content
For the indication content, the following two alternatives were left in the last meeting.
· Alt 1: availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint.
· Alt 2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources.
In our view, both alternatives can work and there is no big difference. But, considering the signaling overhead, we slightly prefer Alt 2. Another remaining issue is whether and how to indicate the ‘availability’ in beam selective manner. One of the intentions of introducing beam selective method is to further save signaling overhead. However, this may also introduce some restrictions on UE implementation. If the same content of TRS/CSI-RS availability indication is repeated in each beam of L1-based signaling, the UE can utilize the property to improve the robustness of signal reception. Therefore, we propose
Proposal 4: UE assumes the same TRS/CSI-RS availability indication in multi-beam operation.
2.3 Issue #3: validity time

One remaining issue is whether and how to support validity time. Below lists the alternatives provided in FL summary. We take them as the starting point for discussion.
· Alt 1: explicit indicated, e.g., configured by SIB or included in the availability indication

· Alt 2: before a PO
The validity time can provide better configuration flexibility and reduce the signalling overhead for availability indication. With the validity time, it can reduce the possibility that network is forced to transmit TRS/CSI-RS on the configured occasion(s) if connected mode UE(s) does not exist anymore. In our view, the design of validity time is dependent on the chosen signalling method in Issue #1. For example, if the availability indication is signalled through PEI, then it is natural that the validity time is before PO, i.e., Alt 2, to reflect the immediate RS information. However, if paging DCI is used for availability indication, then the explicitly indicated validity time can be considered. For example, SIB to configure that the availability information is valid for next N paging cycles.
Observation 2: the design of validity time is relevant to the signalling method. For example, if PEI is used to signal the availability indication, then it is natural that the indication is valid before a PO to reflect the immediate information. However, if paging DCI is used, then the explicitly indicated validity time, e.g., next N paging cycles, can be considered.
2.4 Issue #4: application delay
Regarding the application delay for the availability indication, it can be discussed in two cases, e.g., On-to-Off and Off-to-On. For On-to-Off, it requires sufficient time between the availability indication and the RS occasion(s), otherwise, the UE will use absent TRS/CSI-TRS for time/frequency tracking and degrade the performance. However, if the validity time is supported, the UE can be considered as starting from Off-to-On all the time. For example, after the expiration of validity time, the UE will assume there is no available TRS/CSI-RS. And after receiving the availability indication, the UE can assume some RS resources are present at configured occasion(s). In this case, only RS Off-to-On can happen. For Off-to-On, it can be up to UE implementation to determine the required time for the UE to start to use the TRS/CSI-RS at the configured occasion(s). Hence, the application delay is not needed.
Observation 3: If the validity time is supported, only RS Off-to-On can happen because UE will assume there is no available TRS/CSI-RS at configured occasion(s) after the expiration of validity time. For RS Off-to-On, it can be up to UE implementation to determine the required time for TRS/CSI-RS usage, therefore, the application delay is not needed.
Proposal 5: for the availability indication of TRS/CSI-RS at the configured occasion(s), the application delay is not needed if validity time is supported.
3 TRS/CSI-RS Configurations
In this section, we provide our views on the remaining issues of TRS/CSI-RS configuration. In RAN1 #104-e, it was agreed at least the following parameters should be provided in TRS/CSI-RS configurations.
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In addition to above parameters, the following parameters should be also included.

· periodocityAndOffset

· qcl-InfoPeriodicCSI-RS

· frequencyDomainAllocation

Table 1 lists our view for the applicable values of the parameters.
Table 1: Applicable values for the parameters
	Parameters
	Value range

	powerControlOffsetSS
	{-3, 0, 3, 6} dB

	scramblingID
	0 to 1023

	firstOFDMSymbolInTimeDomain
	Limit to {0, 1, …, 9} according to TS38.214 Section 5.1.6.1.1

	startingRB
	0 to 274

	nrofRBs
	24 to 276

	periodocityAndOffset
	Limit to {10, 20, 40, 80} according to TS38.214 Section 5.1.6.1.1

	qcl-InfoPeriodicCSI-RS
	Limit to {0, 1, …, 63} for SSB index

	frequencyDomainAllocation
	The value range can be {0, 1, 2, 3} to indicate the offset of the first RS RE to RE#0 in a RB


Proposal 6: Use Table 1 as the starting point for the discussion of applicable values for TRS configurations.
4 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. Based on the discussions, we have the following observations and proposals.
Proposal 1: Confirm the following working assumption to support L1-based signalling for TRS/CSI-RS availability indication.
· Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
Proposal 2: SIB-based signalling with existing SI update procedure is not supported for TRS/CSI-RS availability indication.
Observation 1: For paging DCI based signaling, the additional signaling overhead is needed if no one in the PO is paged. However, for PEI based signaling, the dedicated resource for updating the TRS/CSI-RS availability change is not required. Therefore, PEI based signaling can maximize the benefit of the TRS/CSI-RS occasion(s) for idle/inactive mode UE.
Proposal 3: If paging early indication (PEI) is configured, gNB indicates the TRS/CSI-RS availability information to idle/inactive mode UE(s) through PEI.
Proposal 4: UE assumes the same TRS/CSI-RS availability indication in multi-beam operation.
Observation 2: the design of validity time is relevant to the signalling method. For example, if PEI is used to signal the availability indication, then it is natural that the indication is valid before a PO to reflect the immediate information. However, if paging DCI is used, then the explicitly indicated validity time, e.g., next N paging cycles, can be considered.
Observation 3: If the validity time is supported, only RS Off-to-On can happen because UE will assume there is no available TRS/CSI-RS at configured occasion(s) after the expiration of validity time. For RS Off-to-On, it can be up to UE implementation to determine the required time for TRS/CSI-RS usage, therefore, the application delay is not needed.
Proposal 5: for the availability indication of TRS/CSI-RS at the configured occasion(s), the application delay is not needed if validity time is supported.
Proposal 6: Use Table 1 as the starting point for the discussion of applicable values for TRS configurations.
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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 from a bitmap or a codepoint is associated with at least one resource/configuration 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








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











