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1. Introduction

In this contribution, we further discuss how to inform the availability of TRS/CSI-RS to idle/inactive-mode UEs.     
2. Discussion
During RAN1#105 meeting, it has been agreed to use at least L1 based signaling for the availability of TRS/CSI-RS at the configured occasion(s). And we have the following working assumptions:
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.

· FFS whether and how to enable/disable L1 based availability indication configurable by SIB
During the discussion in 106bis-e, the following was proposed:

Proposal 1-1 (v3)
If both paging PDCCH based and PEI based are supported as L1 based signaling methods for the availability indication of TRS/CSI-RS occasions for idle/inactive UEs:

· support the same design mechanism/principle for the two L1 based signaling methods:

· same bitmap/codepoint mapping method to TRS resources/resource sets, 

· FFS whether the size of DCI field can be different

· FFS whether with the same valid time duration, including reference point and the time duration. 

· if L1 availability indication is enabled, support one of the alterantives

· Alt-1: it should be provided in both PEI (if configured) and in paging DCI

· Note: assume there are UEs not supporting PEI

· Alt-2: it can be provided in either PEI (if configured) or in paging DCI, or both PEI (if configured) and in paging DCI 

Prioritize paging PDCCH based signaling methods for the availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

In our views, both paging DCI based indication and PEI based indication shall be supported. For UE not supporting PEI or when PEI is not enabled, paging DCI can be used for the availability indication. If PEI is configured and enabled for a UE, it is beneficial for UE to receive the TRS availability indication in PEI in order to avoid the UE to read the paging DCI to obtain the indication and thus maximize the UE’s power saving. As per the above, it shall achieve the same design mechanism/principle for the two L1 based signaling methods to avoid the specification impact in order to support PEI based indication. Therefore, bitmapping shall also be used for PEI based indication as we have already agreed bitmapping for paging DCI based indication. In order not to increase additional signaling overhead of SIB, the size of DCI field shall be the same thus the same TRS resources configuration and the grouping method can be used for these 2 L1 indication methods.

Proposal 1: support PEI based availability indication and with the same DCI field as that of paging DCI based availability indication.
When both of these two L1 indication methods are supported, how the network uses them, e.g., to configure to use only one of them or both is up to the gNB’s implementation. 

Proposal 2: how to use/configure the two L1 indication methods is up to the gNB’s implementation. The gNB can configure to use one of them or both.

For paging DCI method, it is noted that there are still 6 bits reserved in paging DCI thus these 6 reserved bits can be used to inform the availability of TRS/CSI-RS. Therefore, the bits in paging DCI can be up to 6 bits.
Proposal 3: up to 6 bits can be used in paging DCI.

Timing relationship between L1 signaling and the TRS/CSI-RS

The timing relationship between L1 signaling and TRS/CSI-RS shall be predefined or configured by the netwrok. Generally, there shall be a sufficient time gap between L1 signaling and TRS/CSI-RS thus the UE will have sufficient time to perform time and frequency synchronization using TRS. For example, for paging DCI based indication method, 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. 
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Figure 1 DCI in previous paging cycle indicate whether there is RS for the current paging cycle
During RAN1#106bis-e meeting, we have the following agreements to discuss the valid time duration of the RS:
Agreement
At least for paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the L1 availability indication is valid for a time duration starting from a reference point, where
· the time duration is a validity duration configured by higher layer,
· FFS applicable values, e.g. # of DRX cycles, or multiple of default paging cycle duration (i.e. modification period)
· FFS UE doesn’t expect inconsistent L1 based indication during the time duration
· the reference point for start of the validity duration is one of the following alternatives:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network
· Alt3: default time duration e.g. default paging cycle
· FFS whether and how to handle the miss detection issue of L1 signaling
Based on the above discussion, for the reference point, our preference is alt4. Alt 1 and alt 4 try to align all the UE’s time duration using a newly defined “first PF” in the DRX cycle. However, since all the UE’s PO and PF are distributed in the DRX cycle. We don’t see clear benefits of using the “first PF” to determine the reference point. Each UE’s paging DRX cycle is determined based the DRX cycle and its UEID thus it is clear and sufficient to use the PO of the UE to determine the reference point. 
Proposal 4: DCI in previous paging cycle can be used to indicate whether there is TRS for the current paging cycle.
Proposal 5: Alt-4 (start of the PF for the PO where UE receives the indication) shall be adopted to determine the reference point.
Since paging DCI in previous PO is used for indication, the time duration can be multiple of DRX cycles to adapt to the paging DRX cycle and provide the indication covering all the continuous paging DRX cycles by different paging DCI sent in different paging DRX cycles. We prefer that the gNB always configures the time duration. Otherwise, if it doesn’t configure the time duration, there shall be a default time duration, e.g., one paging cycle. The availability indication shall not rely on another L1 indication as the error propagation due to miss detection of the L1 indication. 
Proposal 6: if it were agreed that the time duration can be optionally configured by gNB, default time duration shall be utilized by the UE.

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.  
Proposal 1: support PEI based availability indication and with the same DCI field as that of paging DCI based availability indication.

Proposal 2: how to use/configure the two L1 indication methods is up to the gNB’s implementation. The gNB can configure to use one of them or both.

Proposal 3: up to 6 bits can be used in paging DCI.

Proposal 4: DCI in previous paging cycle can be used to indicate whether there is TRS for the current paging cycle.
Proposal 5: Alt-4 (start of the PF for the PO where UE receives the indication) shall be adopted to determine the reference point.

Proposal 6: if it were agreed that the time duration can be optionally configured by gNB, default time duration shall be utilized by the UE.
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