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1. [bookmark: _Ref298777854]Introduction
One of the objectives of the power saving enhancement Rel-17 work item is shown below [1]:
	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 #100-2 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



In the RAN1#105-e meeting [2], one of the agreements is related to TRS/CSI-RS availability:
	Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB




Furthermore, in RAN1#106e meeting, the following agreements were made [3]:
	Agreement
Support at least one of the following alternatives
· Alt1: L1 availability indication at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note: The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 
Note: An RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs., where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.

Agreement
L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where
· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.




In this contribution, we discuss aspects related to how to provide availability information and configuration of TRS/CSI-RS. Hence, the UE can use TRS/CSI-RS when the UE is in idle/inactive mode.
Discussions
Availability Information of TRS/CSI-RS for idle/inactive UEs
An explicit indication of availability information of TRS/CSI-RS in a TRS/CSI-RS occasion is provided to the UE. This will be beneficial for the UE, avoiding the need for a blind detection operation to identify whether TRS/CSI-RS is transmitted or not. We also need to understand some potential limitations from the network side, for example how often the availability of TRS transmission is potentially changed. Frequent changes regarding whether TRS is transmitted or not may require a lot of signaling from the gNB to the UEs. We support providing TRS/CSI-RS availability information to the UE while considering network limitation / preference. Acquiring TRS availability information by the UE in idle/inactive mode is quite challenging as there is limited possible communication exchange between the gNB and UE. 

In legacy NR operation, the UE operating in idle/inactive mode can only acquire explicit information from the gNB by receiving system information (SIB) or by paging reception. In order to provide the availability information for idle/inactive UEs, we propose a UE can be explicitly informed via paging DCI. In the legacy NR system, the paging DCI contains a short-message information element that is used to inform the UE when there is a SIB update. The size of this information element is 8 bits of which 6 bits are still reserved bits. The availability information can be explicitly informed via paging DCI using one or more of these reserved bits.

In RAN1#104bis-e meeting, it was agreed to support L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs. It is for further study whether it is communicated through paging DCI and/or Paging Early Indication (PEI). We consider the usage of TRS/CSI-RS for idle/inactive UEs and paging enhancements in rel-17 are two different features. Depending on the progress of the WI, each of the features can be as a mandatory or optional feature. For example, if PEI is an optional feature and the gNB does not activate this feature then the gNB can provide the availability information via paging DCI.

Observation 1: The usage of TRS/CSI-RS for idle/inactive UEs and paging enhancements are two different features in rel-17. Depending on the progress of the WI, each of the features can be a mandatory or optional feature.
Considering the above observation, we could consider at least to use paging DCI to provide availability information of TRS/CSI-RS occasions for idle/inactive UEs.
Proposal 1: Confirm the working assumption on supporting paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 2: The availability indication can be explicitly informed using one or more of the reserved bits in paging DCI.

On the Contents of TRS/CSI-RS Availability Indication 
We need to further discuss the definition of availability indication. The simplest option is that the availability information only contains information on whether TRS/CSI-RS for idle/inactive UEs is transmitted or not. Hence, it may only require 1 bit (e.g. “1” is available, “0” is not available). Availability information can also be extended by providing information, such as the duration or validity time of the availability of the TRS/CSI-RS for idle/inactive UEs. Another possibility is to extend availability information by providing information on which TRS/CSI-RS are currently active. This is particularly applicable to the case when a gNB is configured with multiple TRS/CSI-RS configurations.
In RAN1#106e meeting, we made agreement on L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point. The time validity information is included in the L1 based availability indication. Furthermore, higher layers can provide the configuration of multiple validity time value(s). Hence, the applied validity time value is indicated in L1 based signal (i.e, paging DCI).

Proposal 3: Support L1 based availability indicating the applied validity time of TRS/CSI-RS transmission. Higher layers can provide the configuration of multiple validity time value(s).  

In RAN1#104bis-e, two alternatives were identified describing the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs. It is still unclear on the fundamental different between these two alternatives. It may be related to the details of signaling implementation. We are fine to support alternative 1 in which availability/unavailability information for all or some of configured RS resources is signalled using a bitmap or codepoint. A bitmap/codepoint can represent the resource(s) associated with a TRS/CSI-RS configuration

Proposal 4: For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, use a bitmap / codepoint to indicate availability/unavailability information for all or some of configured RS resources.

In RAN1#106-e, it was also discussed whether and how to indicate the ‘availability’ in a beam selective manner. We consider we should use the legacy approach as in NR Rel-15, where there is an association of TRS/CSI-RS beam and SSB beam. Hence, the transmission of TRS/CSI-RS should refer to SSB. Particularly in this case where the UE is in idle/inactive mode. The gNB is not aware of UE position/direction when the UE is in idle/inactive mode. Furthermore, we further discussed whether L1 availability indication at an occasion provides availability/unavailability information only for RS resources 
· Alt 1 - with the same QCL reference as the L1 availability indication occasion; or 
· Alt 2 - with QCL references not confined to be the same as for the L1 availability indication occasion
Based on our reasoning above, our preference is Alt-2. We consider the UE needs to get availability information of RS resources for all beam directions after long deep sleep, in order to achieve power saving gain.

Proposal 5: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion

Configuration of TRS/CSI-RS for idle/inactive UEs

According to the WID, idle/inactive mode UEs can re-use TRS/CSI-RS occasion(s) available in connected mode (of other UEs). The TRS/CSI-RS configuration for connected mode UEs is provided via UE specific RRC messaging. Hence, in practice, two or more connected mode UEs can receive different TRS/CSI-RS configurations or basically the gNB transmits multiple TRS/CSI-RS with different configurations. It would be beneficial if idle/inactive mode UE know the existence of the multiple TRS/CSI-RS configurations. The UE can select the TRS/CSI-RS that suits its condition/scenario. Multiple configurations can also be beneficial for the gNB to have flexibility. For example, allocating TRS/CSI-RS in different resources. The gNB can select/activate at least an active configuration at a given time-period.

Proposal 6: Support providing multiple TRS/CSI-RS configurations to idle/inactive UEs.

An index can be used as a pointer to the selected TRS/CSI-RS configuration. In the RAN1#106e meeting, the details of configuration index were discussed. Configuration index can be interpreted as the resource-set of TRS/CSI-RS, the QCL resource, or the association with SSB/paging occasion. In our view, configuration index is for per resource-set of TRS/CSI-RS. The legacy connected mode TRS/CSI-RS is a UE-specific configuration, in which a gNB can be configured with multiple configurations for TRS/CSI-RS using different physical resources.

Proposal 7: TRS/CSI-RS configuration index is defined for the resource-set of TRS/CSI-RS.

Conclusion
In this contribution, we discuss power saving enhancement for UEs in IDLE or INACTIVE mode through providing TRS / CSI-RS. Our observations and proposals are listed below:
Observation 1: The usage of TRS/CSI-RS for idle/inactive UEs and paging enhancements in rel-17 are two different features. Depending on the progress of the WI, each of the features can be as a mandatory or optional feature.
Proposal 1: Confirm the working assumption on support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Proposal 2: The availability indication can be explicitly informed using one or more of these reserved bits in paging DCI.
Proposal 3: Support L1 based availability indicating the applied validity time of TRS/CSI-RS transmission. Higher layers can provide the configuration of multiple validity time value(s).  

Proposal 4: For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, use a bitmap / codepoint to indicate availability/unavailability information for all or some of configured RS resources.

Proposal 5: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion

Proposal 6: Support providing multiple TRS/CSI-RS configurations to idle/inactive UEs.

Proposal 7: TRS/CSI-RS configuration index is defined for the resource-set of TRS/CSI-RS.
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