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1. Introduction
In the 3GPP TSG RAN1#104-e meeting [1], some agreements and conclusions were reached as follows.
	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, the candidate RS provided to UEs in RRC idle/inactive state is discussed.

2. RS type

	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.


As the functionality of the additional RS configured to RRC idle/inactive state is AGC and synchronization, only TRS is sufficient to provide this functionality.

Furthermore, RRC connected mode UE is expected to be configured with periodic TRS. It implies that network needs to transmit periodic TRS as long as there is RRC connected state UE in the cell, while the existence of other types of RS cannot be guaranteed. The configuration of TRS is much simpler compared with other flexible CSI-RS, the signalling resource overhead can be reduced if only periodic TRS is supported. 
Besides, other periodic CSI-RS is configured for other purposes such as CSI acquisition, beam management or RRM measurement. Hence, these periodic CSI-RS configured to fit in these functions may not be suitable for RRC idle/inactive UEs. And whether the power saving benefit of other periodic CSI-RS is more than that of periodic TRS is unclear.
Hence, we have the following proposal.

Proposal 1: Only periodic TRS is supported for RRC idle/inactive state UE.
3. Availability indication
	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).


With an unavailability indication of TRS, gNB can cease unnecessary TRS transmission when there is no RRC Connected UE to be served in the cell. Hence, a dynamic availability indication of TRS can save power consumption for both gNB and UE. On the contrary, a semi-static availability indication of TRS will waste energy and resource of network and cause interference to neighbour cells. 
For a UE under RRC Idle/Inactive state, at least two dynamic signals/channels are available to carry the TRS availability indication, i.e., PEI and paging DCI. If the availability indication is carried by PEI, UE can skip receiving paging DCI and paging PDSCH when there is no paging message for the UE. It will save UE power consumption to the most extent. However, if the availability indication is conveyed by paging DCI, UE still needs to detect PO even when it is not paged, which will degrade the power saving gain from the introduction of PEI. Hence, our proposal is as below.
Proposal 2: The TRS availability indication should be carried by PEI.
	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)


As it was agreed that multiple TRS resources can be configured for RRC inactive/inactive state UE, the indication of availability / unavailability should be in a fine granularity. For example, if there are four TRS resources configured for RRC Idle/Inactive state UE, a bitmap with four bits can be carried by PEI. That is, each bit is used to indicate the availability / unavailability information for one TRS resource. Hence, we have the following proposal.

Proposal 3: The PEI can be used to indicate the availability/unavailability information for each configured TRS resource, instead of all TRS resources.
As the configuration of the additional TRS is broadcasted via SIB, it is unclear for gNB which UE in cell would use the TRS for AGC adjustment and synchronization. Hence, after the unavailability information is dynamically indicated by PEI, it is better to take effect after all the UEs in the cell receive the unavailability indication. Otherwise, some UEs may use the non-existent TRS for synchronization, which would consume more UE energy. Hence, we have the following observation.
Observation 1: The delay of availability/unavailability indication of TRS should be taken into consideration.
4. Detailed configuration

In RAN1#104-e meeting, some parameters of TRS for UE under RRC Idle/Inactive state were agreed. However, some other parameters need further discussion. 
Frequency location 
	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.


Note the additional TRS for RRC idle/inactive state UE is shared from RRC connected state UE, it cannot be guaranteed that the bandwidth of RRC connected state UE is always the same with initial DL BWP. Hence, Alt-2 is preferred, which is more flexible for the implementation of a base station. Meanwhile, as the RRC idle/inactive state UE is not required to receive TRS outside the initial DL BWP, the power saving benefits and synchronization functionality will not be impacted by Alt-2. Hence, we have the following proposal.

Proposal 4: The Alt-2 (configuration of the frequency location of TRS occasion(s) for idle/inactive UEs is not restricted by initial BWP) should be adopted.

SCS configuration
	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 


With Alt-1, it is easy for implementation of the UEs which utilize the additional TRS as no RF retuning is required. For Alt-2, if the SCS of TRS is configured to be different from initial DL BWP, UE need to retune RF before and after using TRS for synchronization, which would lead to additional power consumption. Hence, the TRS with the same SCS as initial BWP is enough and the other TRS with different SCS seems to be redundant. 
Proposal 5: The Alt-1 (the SCS of configuration of TRS is the same as initial BWP) is adopted.
QCL information
	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


Regarding the QCL information for TRS, the Alt-1 (from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS) is a straightforward way to configure the QCL information. However, it will increase signaling overhead. 
The Alt-2 is similar to the paging-PDCCH monitoring occasion within PO and it can reduce the resource overhead of SIB. Hence, we have the following proposal.

Proposal 6: The Alt-2 (QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO) is adopted.
Multiple TRS resources
	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)


For multiple RS resources for TRS occasion(s), it can be configured with multiple beam directions, or multiple transmission occasions, which is beneficial for Idle/Inactive UE. However, the signaling overhead may be increased. To reduce signaling overhead, we can limit the RS type, RS occasion(s), and number of RS resources, etc. As a result, we have the following proposal.

Proposal 7: For multiple RS resources for TRS occasion(s), the RS type, RS occasions, and number of RS resources can be limited.
5. Conclusion

In this contribution, we discuss some aspects on TRS/CSI-RS for UE in RRC idle/inactive state. We have the following observations and proposals.

Observation 1: The delay of availability/unavailability indication of TRS should be taken into consideration.
Proposal 1: Only periodic TRS is supported for RRC idle/inactive state UE.
Proposal 2: The TRS availability indication should be carried by PEI.
Proposal 3: The PEI can be used to indicate the availability/unavailability information for each configured TRS resource, instead of all TRS resources.
Proposal 4: The Alt-2 (configuration of the frequency location of TRS occasion(s) for idle/inactive UEs is not restricted by initial BWP) should be adopted.

Proposal 5: The Alt-1 (the SCS of configuration of TRS is the same as initial BWP) is adopted.
Proposal 6: The Alt-2 (QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO) is adopted.
Proposal 7: For multiple RS resources for TRS occasion(s), the RS type, RS occasions, and number of RS resources can be limited.
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