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1 Introduction

In R1 #102 e-meeting, some agreements for R17 power saving are,

Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required

-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 

- FFS for other RS types

-  FFS: Whether UE blind detection is required or not.
Agreements:

Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
- AGC, time/frequency tracking

- FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication

Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
-           FFS for other signalling candidates (e.g., pre-configuration, etc.)
-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)
Agreements:

Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).

- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.
In this contribution, we provide some considerations on the design and function of TRS/CSI-RS for idle UE and discuss on whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly) and solutions of TRS/CSI-RS occasion(s) for idle/inactive UEs.  
2 Discussion
2.1 Considerations on the design and function of TRS/CSI-RS
AGC and time/frequency tracking function of TRS/CSI-RS has been agreed, and RRM measurement for serving cell/neighbouring cell and paging reception indication (similar as WUS in idle mode) can also be possible functions. And all the above function are based on an omnidirectional transmission, so the TRS/CSI-RS should be transmitted in a beam sweeping way like SSB, which means the resource consumption will be a huge factor to be considered and a succinct design for TRS/CSI-RS is very important.  
Proposal 1: TRS/CSI-RS for idle/inactive UE should be transmitted in beam sweeping way and resource overhead should be a huge factor to be considered for TRS/CSI-RS design. 
In last meeting, several functions are discussed for TRS. But each of them has different requirements on TRS/CSI-RS design. Here we focus on AGC and time/frequency tracking function and paging reception indication function, and analyse their different requirements on TRS/CSI-RS separately.

 To do AGC and time/frequency tracking, UE has to determine the existence of TRS/CSI-RS in advance, so that UE can determine whether to use TRS/CSI-RS for a power saving synchronization process or fall back to legacy synchronization process based on SSB. So the availability of TRS/CSI-RS need to be informed to UE in advance, either by indication/signalling or by specification. But for paging reception indication, TRS/CSI-RS works as a wake up signal, and indicate whether there is paging DCI in the PO by its presence or not. So UE has to do blind decoding and can not determine the presence of TRS/CSI-RS in advance. Another point is, for paging reception indication, TRS/CSI-RS may need to provide UE subgrouping function, that is multiple TRS/CSI-RSs correspond to multiple UE subgroups, but for AGC and time/frequency tracking, subgrouping is not needed.
Based on above analysis, our understanding is the function of AGC and time/frequency tracking and the function of paging reception indication would lead to two very different TRS/CSI-RS design for idle/inactive UEs. To keep a compact TRS/CSI-RS design and to keep the work load acceptable, only one function should be considered for this agenda. We prefer to focus on AGC and time/frequency tracking function in this agenda. And paging reception indication function of TRS/CSI-RS can be further studied in potential paging enhancement if needed.
Proposal 2: Focus on AGC and time/frequency tracking function of TRS/CSI-RS in this agenda. And paging reception indication function of TRS/CSI-RS can be further studied in potential paging enhancement if needed. 

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 sleep mode as long as possible and save power 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 3: 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 mode UEs, to idle mode UEs or not is the decision by gNB. However, once gNB enable such sharing function or make changes to the configuration, for the power saving of idle mode/inactive mode UE, it’s better to inform the idle UEs as early as possible, although it may not be mandatory.
In RAN1 #102 e-meeting, it is agreed to further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly). 
If blind detection for reference signal is required for idle/inactive mode UE, the power saving gain would be reduced since the UE’s behavior for pre-synchronization is different according to the availability of TRS/CSI-RS. Furthermore, misdetection could not be avoid in case the UE detecting one SSB in cell edge by the aid of TRS/CSI-RS. And that could have impact on the synchronization performance, when the TRS/CSI-RS is in fact not transmitted by the gNB, since UE is not able to distinguish whether it is unavailable or misdetection of the reference signal. And if the UE can not detect TRS/CSI-RS, a related question would be how many times of not detecting can be seen as a proof that TRS/CSI-RS is actually unavailable instead of misdetection? Thus, we think the availability of TRS/CSI-RS should be informed to idle mode UE to avoid any ambiguous case. For how to inform idle/inactive mode UE, there are at least two options:
One option is to inform UE 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 gain of power saving to the idle mode UE, which is supposed to monitor paging only. Furthermore, signalling overhead could be relatively large.
The other option is to decouple the availability indication with the configuration of TRS/CSI-RS occasion for idle/inactive mode UE, for example, paging indication could be used to inform the availability status for UE after it enters idle/inactive mode. This bring the flexibility to gNB implementation to turn on and off the reference signal sharing. 
Proposal 4: Decoupling the availability indication with the configuration of TRS/CSI-RS occasion for idle/inactive mode UE should be a considered option.
3 Conclusions

In this contribution, we propose the followings.,
Proposal 1: TRS/CSI-RS for idle/inactive UE should be transmitted in beam sweeping way and resource overhead should be a huge factor to be considered for TRS/CSI-RS design. 

Proposal 2: Focus on AGC and time/frequency tracking function of TRS/CSI-RS in this agenda. And paging reception indication function of TRS/CSI-RS can be further studied in potential paging enhancement if needed.
Proposal 3: 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 4: Decoupling the availability indication with the configuration of TRS/CSI-RS occasion for idle/inactive mode UE should be a considered option
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