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1. Introduction

During RAN 1 #103-e meeting, we have made the following agreements on RS occasion for idle/inactive UEs:

Agreement:

· 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 
Agreement:
· 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
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.

· 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 contribution, we further discuss whether and how to inform potential TRS/CSI-RS occasion(s) and the availability of TRS/CSI-RS to idle/inactive-mode UEs.     
2. Discussion
During RAN1#103e meeting, we have agreed that SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).But companies haven’t achieved consensus on whether and how to inform the availability of TRS/CSI-RS. During RAN1#103e, we have agreed to further discuss based on the following alternatives. 

· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.

· 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.

In the following, we will discuss the above options in details.

For Alt 1, the availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE, it is up to UE’s implementation, e.g., using blind detection, on how to know the availability of TRS/CSI-RS. With the option, there is no signaling needed to inform the availability of TRS/CSI-RS thus there is no network overhead. But on the other hand, with UE’s blind detection of the TRS/CSI-RS, there would be no UE’s power saving gain anymore by usage of TRS/CSI-RS. The reason is firstly blind detection itself would consume UE’s power. Secondly, if the UE know in advance the availability of TRS/CSI-RS, the UE can use the TRS/CSI-RS for AGC and synchronization together with SSB thus reduced number of SSB would be needed, e.g., maybe one SSB would be sufficient for UE with low SINR. The UE just have to wake up one SSB period before the paging occasion. Otherwise, if the UE doesn’t know in advance the availability of TRS/CSI-RS, the UE have to wake up earlier to detect the existence of TRS/CSI-RS. If there is no TRS/CSI-RS, the UE have to go back to use SSB for synchronization. Therefore, in this case, there is no power saving gain due to earlier wake up and power consumed for blind detection. 
Observation 1: There would be no UE’s power saving gain if the availability of TRS/CSI-RS at the configured occasion(s) is not informed to the UE.

For Alt 3, the conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE. TRS/CSI-RS will be always present once there is paging for a UE. The availability of TRS/CSI-RS can be determined by blind detection. If TRS/CSI-RS is detected, it can be used by the UE for synchronization before paging reception. Otherwise, if TRS/CSI-RS is not detected, the UE doesn’t need to perform synchronization since there would be no paging message in the following paging occasion.  It can be seen that there would be power saving gain with alt 3. But the drawback is that the presence of TRS/CSI-RS is coupled with whether there is paging message in the following paging occasion. It implies that TRS/CSI-RS shall be transmitted whenever there is paging message, which would put stringent restriction on the network’s scheduling. According to the WID, it is to specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs for minimizing system overhead impact. Therefore, when TRS/CSI-RS is not needed for connected UE, alt 3 requires additional TRS/CSI-RS for the idle/inactive-mode UEs when there is paging message, which bring in additional overhead for the network and is not consistent with the WID objective.
Observation 2: For Alt 3, the presence of TRS/CSI-RS is coupled with whether there is paging message. It may require additional TRS/CSI-RS for the idle/inactive-mode UEs when TRS/CSI-RS is not needed for connected UE.
For alt 2, the availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE. When there is TRS/CSI-RS transmitted for connected UEs at the configured occasion(s), the availability of these transmitted TRS/CSI-RS is informed to RRC idle/inactive UEs. When there is no TRS/CSI-RS transmitted for connected UEs at the configured occasion(s), SSB shall be used for synchronization as in legacy. Therefore, by using shared TRS/CSI-RS, there would be power saving gain for RRC idle/inactive UEs. In addition, there would be no additional overhead of TRS/CSI-RS.
Observation 3: There is power saving gain and no additional network overhead if the availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
Therefore, based on the above discussion, it is proposed that the availability of TRS/CSI-RS at the configured occasion(s) shall be informed to the UE.
Proposal 1: The availability of TRS/CSI-RS at the configured occasion(s) shall be informed to the UE.

The next issue is how to inform the availability of TRS/CSI-RS.  During RAN1#102e meeting, it has been proposed to use L1 signaling such as paging DCI or PEI (Paging Early Indication) to indicate the availability of TRS/CSI-RS.L1 signaling can realize dynamic indication of TRS/CSI-RS, which would well adapt to the change of available TRS/CSI-RS. When TRS/CSI-RS is not needed for RRC connected UE, the network can quickly indicates the absence of the TRS/CSI-RS for RRC idle/inactive UE.  When the TRS/CSI-RS is active for RRC connected UEs, the network can quickly indicates the presence of the TRS/CSI-RS for RRC idle/inactive UE with L1 signaling.  

There are still 6 bits reserved in paging DCI and 6 bits not used within the 8 short message bits thus these reserved/unused bits can be considered to be used to inform the availability of TRS/CSI-RS. Due to limited number of the bits, the TRS/CSI-RS occasions can be grouped. Each indication bit can be mapped with one TRS/CSI-RS group. When the TRSs/CSI-RSs are transmitted within one group, the corresponding bit can be set to a value “1”, otherwise, it would be set to “0”.  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. Or, the paging DCI in previous paging occasions can be used to indicate the availability of TRS/CSI-RS for the UE’s paging occasion as shown in Figure 2.
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Figure 1 DCI in previous paging cycle indicate whether there is RS for the current paging cycle
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Figure 2 Paging DCI in previous PO indicate whether there is RS for current PO

Alternatively, it has been agreed to introduce PEI to indicate whether there is paging message for the UE in the following paging occasion. Therefore, PEI can also be used to inform the availability of TRS/CSI-RS. Similar TRS/CSI-RS grouping method can be considered to save the needed indication bits.  
With either of the above method, there is no additional overhead for the network since reserved/used bits in paging DCI or only a few of PEI bits is used therefore the impact to the network in minimized.

Proposal 2: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.

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.   
Observation 1: There would be no UE’s power saving gain if the availability of TRS/CSI-RS at the configured occasion(s) is not informed to the UE.

Observation 2: For Alt 3, the presence of TRS/CSI-RS is coupled with whether there is paging message. It may require additional TRS/CSI-RS for the idle/inactive-mode UEs when TRS/CSI-RS is not needed for connected UE.

Observation 3: There is power saving gain and no additional network overhead if the availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
Proposal 1: The availability of TRS/CSI-RS at the configured occasion(s) shall be informed to the UE.

Proposal 2: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.
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