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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #103-e meeting, RAN1 made following agreements regarding TRS/CSI-RS occasions for idle/inactive-mode UE power saving [1]:
Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).

Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.  R1-2009848

Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence

[bookmark: _Hlk56167136]Agreements
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· [bookmark: _Hlk60820802]Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.

Conclusion:
· TRS/CSI-RS based PEI is discussed in AI 8.7.1.1.
· PEI functionality is not further discussed under AI 8.7.1.2.
· Note: This does not prevent to potentially use PEI to carry the indication for TRS/CSI-RS presence.

In this document, we discuss further details on provision of TRS/CSI-RS for idle/inactive UEs.
Discussion
[bookmark: _Ref54208189][bookmark: OLE_LINK1][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Whether and how to inform the availability of TRS/CSI-RS
In RAN1#103-e meeting, 4 alternatives were listed for discussion.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For Alt 1, if the availability of TRS/CSI-RS at the configured occasion(s) is not informed to the UE, network might need to always transmit the TRS/CSI-RS at the configured occasion(s). This is inconsistent with the WID objective that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted. Otherwise, UE might need to blindly detect the TRS/CSI-RS occasion(s), which will increase UE power consumption. Furthermore, UE may always have to detect SSB(s) for AGC or time/frequency tracking according to legacy procedure, considering that there may be no TRS/CSI-RS being transmitted in the configured occasion(s). Otherwise, the AGC or time/frequency tracking performance might be affected. This would diminish benefits of providing TRS/CSI-RS occasion(s) to idle/inactive-mode UEs. Therefore, we think UE blind detection of TRS/CSI-RS should not be assumed and it is necessary to inform the availability of TRS/CSI-RS to idle/inactive UE to fully realize the benefits of providing TRS/CSI-RS.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For Alt 2, there were concerns about impacts on network energy consumption and additional resource usage for indicating the availability. However, signalling overhead related to informing the availability can be properly managed, if one indication can inform multiple UEs of the availability of multiple TRS/CSI-RS occasions. For example, the network can switch between one mode transmitting TRS/CSI-RS on all of the configured TRS/CSI-RS occasions and another mode dynamically transmitting or not transmitting on the configured TRS/CSI-RS occasions, based on the number of UEs camping in a cell and/or an average paging rate in a Tracking Area or a RAN paging area. If the former mode is configured, UE may assume that TRS/CSI-RS is transmitted on configured TRS/CSI-RS occasions over one or multiple DRX/paging cycles. If the latter is configured, UE shall further check availability of TRS/CSI-RS on configured TRS/CSI-RS occasions. The network may configure the former, if a large number of UEs camp on the cell and accordingly, need to transmit TRS/CSI-RS on most of the configured TRS/CSI-RS occasions. . If the availability is informed to UEs explicitly, paging DCI or paging early indication (PEI) can be used to carry the availability information, which will not result in new channel/resource to indicate the availability of TRS/CSI-RS. Considering above analysis, extra energy consumption and resource usage can be limited for Alt 2.
Alt 3 seems to require the network to transmit TRS/CSI-RS for idle/inactive UEs, as long as one UE is paged, even if there is no connected UE sharing the TRS/CSI-RS and/or a paging occasion of UE is close to an SSB occasion (for which the UE may not need TRS/CSI-RS for tracking). The probability of at least one UE being paged is high considering all POs in a DRX cycle. If the configured TRS/CSI-RS is not shared with any connected UEs, extra network overhead is not negligible. Furthermore, if UE doesn’t know if there is a paging message or not in advance, UE needs to blindly detect the configured TRS/CSI-RS. The disadvantages of blind detection have been analysed in Alt1.
Based on the above analysis, we prefer Alt 2 as the method to inform the availability of TRS/CSI-RS at the configured occasion(s) to the UE.
Proposal 1: We support Alt 2, i.e. informing UE of the availability of TRS/CSI-RS at the configured occasion(s).
Proposal 2: Study mechanism to properly manage signalling overhead and network power consumption related to the availability indication and TRS/CSI-RS transmission.  
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]The availability of TRS/CSI-RS can be informed dynamically by DCI. In one example, a paging power saving-PDCCH presented in our companion tdoc [2] can provide TRS/CSI-RS availability information (e.g. information of whether a UE can assume that TRS is transmitted by gNB on all configured TRS occasions of a particular DRX/paging cycle and/or information of TRS occasions of the particular DRX/paging cycle, where TRS is available). In another example, the reserved bits in paging DCI or unused bits in short messages can be used for the indication. Or network can configure a validity time interval for a TRS/CSI-RS configuration. The TRS/CSI-RS configuration may be unavailable after the validity time interval. Otherwise, network can inform the availability of TRS/CSI-RS by updating the configuration. If UE receives a new configuration of TRS/CSI-RS, the previous configuration will be unavailable.
[bookmark: _GoBack]Proposal 3: The following methods can be considered as the candidates to inform the availability of TRS/CSI-RS to idle/inactive UE:
· Use reserved bits in paging DCI or unused bits in short messages 
· Provide TRS availability information via paging power saving (PPS) PDCCH
· Configure a validity time interval for the configuration
· Updating the configuration to inform the unavailability of previous configuration
Configuration parameters of TRS/CSI-RS occasion(s)
As for detailed TRS/CSI-RS configuration parameters, we provide our considerations on whether and how to reduce the signalling overhead for configuration of CSI-RS/TRS. In NR, to configure a TRS/CSI-RS, network needs to signal a set of parameters. The structure of the configuration is shown below.

Figure 2. CSI-RS configuration structure
It is seen from Figure 2 that if the network needs to configure multiple sets of TRS/CSI-RS, the overhead for TRS/CSI-RS configuration is high. The issue of high overhead will be more obvious, especially if TRS/CSI-RS is configured through SIB whose maximum TBS should be limited. So we think it is necessary to reduce the signalling overhead for the CSI-RS/TRS configuration for idle/inactive UEs. 
Observation 1: It is necessary to reduce the signaling overhead for configuration.
Besides, the TRS/CSI-RS resource set is associated with a BWP. The activities (paging, T/F tracking, AGC update, RRM measurement for serving cell) of idle/inactive UEs are operating on initial BWPs except for RRM measurement for neighbour cell, which may operate on other frequency bands. To enable idle/inactive UEs to use additional RS for AGC update/T-F tracking/RRM measurement for serving cell, the TRS/CSI-RS occasions shared to the idle/inactive mode UEs may be configured on the initial BWP or in a band that is overlapped with the initial BWP.
As for how to reduce the signalling overhead for configuration, it is straightforward that some parameters might be configured with restrictions. In current 3GPP specification, TRS is configured with some restrictions, for instance, the number of CSI-RS resource ports is fixed at 1 and the density is fixed at 3; the time-domain locations in a slot or in two consecutive slots are selected from a set of candidates; and all CSI-RS resources have the same bandwidth and subcarrier location. If the additional RS type is TRS, the overhead is less than other types of CSI-RS. 
Furthermore, network can configure TRS/CSI-RS for idle mode UE with more restrictions to reduce the signalling overhead. The restrictions can be achieved through predefining the parameters for TRS/CSI-RS transmission. For example, in addition to the restrictions for TRS, certain information of T-F domain resource can be restricted. Network can reduce signalling overhead by sacrificing the flexibility of T-F domain resource configuration. As another option, network can update a previous configuration by a set of parameters to configure a new TRS/CSI-RS for idle/inactive UEs. The set of parameters can be any of the configurations in TRS/CSI-RS configuration structure. Other parameters not included in the set of parameters are determined by the previous configuration. Compared to the method of pre-defined in the specification, this method is more flexible and does not require restrictions on TRS/CSI-RS configuration
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Proposal 4: The following methods can be considered as the candidates to reduce the signalling overhead for configuration:
· Predefine or fix a part of TRS/CSI-RS parameters in specification
· Update a subset parameter of TRS/CSI-RS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of a NZP-CSI-RS resource set, derive configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
Conclusion
In summary, we have the following proposals for TRS/CSI-RS occasion(s) for idle/inactive UEs:
Proposal 1: We support Alt 2, i.e. informing UE of the availability of TRS/CSI-RS at the configured occasion(s).
Proposal 2: Study mechanism to properly manage signalling overhead and network power consumption related to the availability indication and TRS/CSI-RS transmission.  
Proposal 3: The following methods can be considered as the candidates to inform the availability of TRS/CSI-RS to idle/inactive UE:
· Use reserved bits in paging DCI or unused bits in short messages 
· Provide TRS availability information via paging power saving (PPS) PDCCH
· Configure a validity time interval for the configuration
· Updating the configuration to inform the unavailability of previous configuration
Observation 1: It is necessary to reduce the signaling overhead for configuration.
Proposal 4: The following methods can be considered as the candidates to reduce the signalling overhead for configuration:
· Predefine or fix a part of TRS/CSI-RS parameters in specification
· Update a subset parameter of TRS/CSI-RS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of a NZP-CSI-RS resource set, derive configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
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