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1. Introduction

During RAN 1 #104-e meeting, we have made the following agreements on RS occasion for idle/inactive UEs:

Agreements:

Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include at least:

· powerControlOffsetSS,

· scramblingID

· firstOFDMSymbolInTimeDomain,

· startingRB.

· nrofRBs,

· FFS other parameters

· FFS applicable values

Agreements:

The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e:

· Alt1: same as initial BWP

· Alt2: configurable parameter 

Agreements:

Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 

· FFS details (including whether or not to restrict the RS to be TRS only)

Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.

· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)

· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).

Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.

Agreements:

The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP

· Alt-2: is not restricted by initial BWP 

· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 

· Alt-1: From higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS

· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details

· Other alternatives are not precluded

Conclusion:

Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.

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#104e meeting, we have agreed that for a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication. 
One of the most important issues 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 availability of the TRS/CSI-RS. With L1 signaling, 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.  

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 all 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. Alternatively, the paging DCI in previous paging occasions (for other UEs) can be used to indicate the availability of TRS/CSI-RS for a 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 methods, there is no additional overhead for the network since reserved/unused bits in paging DCI or only a few of PEI bits is used therefore the impact to the network in minimized.

Proposal 1: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.
During RAN1#104e, it has been agreed the SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e:

Alt1: same as initial BWP

Alt2: configurable parameter 
In our views, same SCS of TRS/CSI-RS as the initial BWP can simplify UE’s implementation by allowing UE to process the same SCS. Please note that the UE may also rely on the SSBs for synchronization and the SCS of SSBs may be same as or different with that of the TRS/CSI-RS. But on the other hand, if only the TRS/CSI-RS with the same SCS as the initial BWP is allowed to be used, there would be less number of available TRS/CSI-RS. Taking these into account, alternative 2 would be preferred since more TRS/CSI-RS resources may be provided to facilitate UE’s power saving. For the UE, it can be up to its implementation whether to use the TRS/CSI-RS with different SCS with the initial BWP based on the UE’s processing capability.

Proposal 2:  The SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs can be configurable.
Whether the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs shall be restricted within the initial BWP has been discussed during RAN1#104 meeting. There are two alternatives for further down selection. In alternative 1, the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs shall be configured within the initial BWP to follow the principle in Rel-15/Rel-16 that TRS/CSI-RS shall be within the active BWP. In alternative 2, the frequency location of TRS/CSI-RS is not restricted by the initial BWP, but the UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

The frequency location of TRS/CSI-RS occasion(s) for connected UEs will be configured within the active BWP for connected UEs and the  frequency location will not necessarily restricted by the initial DL BWP. Obviously more TRS/CSI-RS transmitted for connected UEs can be used for idle/inactive UEs if the frequency location of TRS/CSI-RS occasion(s) is not restricted by the initial DL BWP as in alternative 2. However, as it has been agreed the gNB anyway need to configure the TRS/CSI-RS originally for connected UEs for RRC idle/inactive UEs via i.e., system information. Therefore, it becomes a configuration issue. That is, although the frequency location of TRS/CSI-RS occasion(s) for connected UEs is not restricted by the initial DL BWP, the gNB can configured it to be within the initial BWP by truncating the TRS/CSI-RS. So we propose to adopt alternative 1.

Proposal 3:  The frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs shall be configured within the initial DL BWP.
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 

Alt-1: From higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS

Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 

Another issue is on how to get the QCL information of TRS/CSI-RS for idle/inactive UEs. There are also two alternatives. The first one is reusing the current higher layer configuration signaling, e.g., qcl-InfoPeriodicCSI-RS. Another one is an implicit method by defining the QCL assumptions association relationship between TRS/CSI-RS occasion(s) and the transmitted SSBs. Alternative 1 is more straightforward, the QCL information configured for connected UEs can be directly configured for idle/inactive UEs. On the other hand, we don’t see strong need to introduce an implicit method as in alternative 2. In addition, with the frequent change of the availability of TRS/CSI-RS, whether there can be a stable association relationship between TRS/CSI-RS occasion(s) and the transmitted SSBs need further justification. 
Proposal 4:  QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is derived from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS. 

It is concluded to make a decision on whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs in RAN1#104bis meeting. In our understanding, the main issue of using periodic CSI-RS is the signaling overhead. More parameters may be needed to configure periodic CSI-RS thus the signaling overhead is increased compared with TRS. But on the other hand, put the signaling overhead aside, there would be more CSI-RS resources if periodic CSI-RS can also be used for idle/inactive UEs thus providing more chances for UE’s power saving.
Proposal 5:   Supporting periodic CSI-RS for idle/inactive UEs is slighted preferred. 
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: Paging DCI or PEI can be used to indicate the availability of TRS/CSI-RS.
Proposal 2:  The SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs can be configurable.

Proposal 3:  The frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs shall be configured within the initial DL BWP.
Proposal 4:  QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is derived from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS. 
Proposal 5:   Supporting periodic CSI-RS for idle/inactive UEs is slighted preferred. 
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