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1 Introduction

In RAN1 #103 e-meeting, some agreements for R17 power saving are:
Agreements:

· Functionality of RRM measurement for neighbor cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
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

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 behaviour 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.

2 Discussion
2.1 Considerations on the design and function of TRS/CSI-RS
For AGC and time/frequency tracking function of TRS/CSI-RS, UE can take advantage of TRS/CSI-RS occasion(s), which is located near to the PO in time domain, to do synchronization rather than to wake up for several SSB periods in advance to do synchronization by multiple SSBs. So that UE can keep sleeping as long as possible and has powering gain for paging reception in idle mode. But consider the beam sweeping resource overhead of TRS/CSI-RS, it is beneficial to restrict the use of TRS/CSI-RS for AGC and time/frequency tracking if SSB periodicity is already quite dense. For example, if TRS/CSI-RS for AGC and time/frequency tracking is transmitted, UE can choose to monitor 1 SSB and one or multiple TRS/CSI-RS occasion(s) nearby to achieve synchronization, which can be estimated at 5ms monitoring duration. But if SSB periodicity is 5ms, it only takes nearly 10ms for UE to monitor 3 SSBs assuming 3 SSBs is sufficient for synchronization. And the power saving gain would not be that much especially when UE can turn to light sleep mode between SSBs.

Proposal 1: It is beneficial to restrict the use of TRS/CSI-RS for AGC and time/frequency tracking if SSB periodicity is already quite dense. 
2.2 Inform the availability of TRS/CSI-RS
Whether to share the TRS/CSI-RS occasion(s) for connected UE to idle mode UEs may be the decision by gNB. However, once gNB enable or disable such function, for the power saving of idle mode/inactive mode UEs, it’s better to inform the availability to the idle/inactive UEs especially if such reference signal will be unavailable for a longer period, in which the accumulation of many times of no TRS/CSI-RS detected is a power wasting of UEs. On the other hand, once the UE does not detected TRS/CSI-RS, it will continue to find next SSB without going to sleep, thus there is no power saving gain in that case. Therefore, in a given period of time, if the possibility of unavailable of the configured TRS/CSI-RS occasion(s) for idle/inactive UEs is high, the indication of the availability of TRS/CSI-RS would be necessary.
For how to inform idle/inactive mode UE, there are at least two options:
One option is to inform the UE the availability along with the configuration in higher layer signalling, while this approach is somehow static and frequently changing could cause unexpected signalling overhead or system information update, thus on the other hand weaken the power saving gain for the idle/inactive mode UE, by the additional updated system information reception. Furthermore, signalling overhead could be relatively large from the network point of view as well.
The other option is, for example, that paging indication or paging DCI could be used to inform the availability status for UE after it enters idle/inactive mode. This brings not only power saving gain as discussed above, but also the flexibility for gNB implementation to turn on and off the reference signal without updating the higher layer configuration.
Proposal 2: The availability of TRS/CSI-RS at the configured occasion should be informed to the UE.

2.3 Impact of TRS/CSI-RS availability indication on the network

From UE point of view, we have analyzed in section 2.2 that, informing TRS/CSI-RS availability to UE can help saveing power at the UE side. On the other hand, we also need to consider the impact of the above availability indication on the network side. Basically, before discussing the impact of TRS/CSI-RS availability indication on the network power consumption, we need an assumption of how often the availability of TRS/CSI-RS for idle/inactive UE is changed. 
From the network point of view, once the gNB configured such TRS/CSI-RS available for the idle/inactive mode UE, there is supposed to be some connected UE in the cell, and even if the UE left the connected mode, the other UE might enter the connected mode at any time especially in the busy hours. In that case, the availability of TRS/CSI-RS is not supposed to be changed in a very frequently way, hence the power impact on the network from a relatively longer time point of view is not obvious compared with what is calculated in a single time indication power consumption.
With the above assumption, in a relatively longer period, from the whole system point of view we think compared the network power consumption with the power saving gain by a number of UEs in idle/inactive state, it is worth to support the indication mechanism. 
If the changing of availability of TRS/CSI-RS is relatively frequent in some deployment scenario, network may not configure the shared reference signal in the serving cell instead, which is the flexibility of the network operation.
Proposal 3: Compared power consumption at the network side with the power saving gain at UE side, it is worth to support informing TRS/CSI-RS availability to UE.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: It is beneficial to restrict the use of TRS/CSI-RS for AGC and time/frequency tracking if SSB periodicity is already quite dense. 
Proposal 2: The availability of TRS/CSI-RS at the configured occasion should be informed to the UE.
Proposal 3: Compared power consumption at the network side with the power saving gain at UE side, it is worth to support informing TRS/CSI-RS availability to UE.
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