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Introduction
In the 3GPP TSG RAN1#105-e meeting [1], some agreements and working assumption were reached as follows.
	Agreement:

Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.

FFS details, including paging DCI and/or PEI for L1 based signaling

FFS SIB-based signaling/configuration

Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling

Agreement:

For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
FFS maximum number of configured RS resources per physical layer availability indication to support.
FFS whether availability/unavailability information is for all or some of configured RS resources
Agreement:

Support applicable values for the following configuration parameters as below.
powerControlOffsetSS: {-3, 0, 3, 6}dB
scramblingID: 0 to 1023
firstOFDMSymbolInTimeDomain: 0 to 9 

firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
startingRB: 0 to 274
nrofRBs: 24 to 276
Agreement:

The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.

FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration

FFS: QCL type, which is predetermined

Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Agreement:

Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
periodicityAndOffset {10, 20, 40, 80} ms
frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB

FFS Configuration index

details, 

E.g. Per resource or resource set or group of resource sets

E.g. explicit or implicit indication based on QCL source 

Agreement:

Further study supporting SIB based signalling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
FFS whether and how SIB based signalling and L1 based signalling can be configured simultaneously


In this contribution, the TRS provided to UEs in RRC idle/inactive state is discussed.

Availability indication

Indication signaling

	Agreement:

Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.

FFS details, including paging DCI and/or PEI for L1 based signaling

FFS SIB-based signaling/configuration

Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Agreement:

Further study supporting SIB based signalling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
FFS whether and how SIB based signalling and L1 based signalling can be configured simultaneously


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 resource via L1 based signaling can save power consumption for both gNB and UE. 

With regard to the concern that the L1-based signaling is not available to RRC idle/inactive state UE when the UE moves to another cell or performs cell re-selection, it is noted that in this case, UE should acquire SIB which includes the configuration of TRS resource and L1 based signaling. After that, UE can detect L1 based indication for TRS availability/ unavailability information. 

For a UE in RRC Idle/Inactive state, at least two L1 signals/channels can be considered 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. If the availability indication is only conveyed by paging DCI, UE still needs to detect PO and SSB even when it is not paged, which will degrade the power saving gain from the introduction of PEI. 

Proposal 1: Confirm the following working assumption.
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

FFS whether and how to enable/disable L1 based availability indication configurable by SIB.
Meanwhile, as the TRS configuration for RRC idle/inactive state UE is provided by SIB, when a TRS resource is unavailable in the case that, for example, no RRC connected state UE in the cell, network can always re-configure the TRS resources via SIB. Hence, SIB-based availability indication seems to be a redundant design. Furthermore, if the availability indication is carried by SIB, UE is required to acquire the information via SIB detection (i.e., SI update procedure), which consumes more energy than L1 based solution. What’s more, the SIB-based availability indication may need a frequent SIB update procedure at both gNB and UE side, which is not beneficial for implementation.

For simultaneous configuration of SIB based signalling and L1 based signalling indication of CSI-RS occasion availability, the following alternatives were discussed in RAN1-#105 meeting. 

For Alt-1, the indication signaling is doubled by supporting two solutions. However, the power saving gain from Alt-1 is unclear. 

For Alt-2 and Alt-3, the SIB-based indication should be frequently updated according to the dynamic L1-based indication to align the TRS availability information. Otherwise, UEs that does not detect L1-based indication may have different understanding with the UEs detect L1-based indication about the TRS availability /unavailability information. But the frequent SIB update would increase both the resource overhead and power consumption. Moreover, the Alt3 is not consistent with the agreements that existing SI update procedure is used for SIB based signaling.

	Alt1: SIB based signaling provides availability information indication is used for a subset of all configured TRS/CSI-RS occasions, and L1 based signaling provide availability indication the remaining configured TRS/CSI-RS occasions.

Alt2: SIB based signaling provides availability indication for a default assumption of the availability information for all configured TRS/CSI-RS occasions, and L1 based signaling provide updates relatively to the default assumption. 

Alt3: Both SIB based signaling and L1 based signaling provide the same availability information but transmitted in different time according to configured monitoring occasions. No SI update notification in paging PDCCCH for any update of the availability information in SIB. 


Proposal 2: The SIB-based signaling for indication of TRS occasion availability is not needed if L1-based signaling indication is configured.

Indication content

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. In RAN1-105-e, the following was agreed regarding how to indicate availability / unavailability information of the TRS resources.
	Agreement:

For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
FFS maximum number of configured RS resources per physical layer availability indication to support.
FFS whether availability/unavailability information is for all or some of configured RS resources


For indication with bitmap, each RS resource can be enabled / disabled separately which is useful for gNB to turn on/off one particular RS resource or resource set. 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. With this alternative, there can be multiple active resources or resource sets simultaneously, which provides more TRS occasions and beneficial to UE power saving in the case of various SNR condition or UE with different capabilities. Hence, we have the following proposal.

Proposal 3: Bitmap should be used to indicate the TRS availability/unavailability information.

According to the current CSI-RS configuration framework, each CSI-RS resource is associated with a QCL configuration which corresponds to an SSB index. Hence, for multi-beam operation in FR2, the number of configured RS resources should be sufficient to support multi-beam operation with a maximum of 64 beams (i.e., the maximum number of SSB in FR2). However, as the number of SSB can be up to 64 in FR2, the signaling overhead will be increased if per resource availability indication is considered. To achieve the tradeoff between resource overhead and indication granularity, grouping multiple TRS resources into a TRS resource set should be supported. Each bit in the bitmap can be used to indication the availability/unavailability indication for a TRS resource set. Hence, we have the following proposal.
Proposal 4: The maximum number of CSI-RS/TRS resources should be sufficient to support multi-beam operation with a maximum of 64 beams.

Proposal 5: Each bit in the bitmap can be used to indication the availability/unavailability indication for a TRS resource set.
Others

As the TRS occasions are broadcasted in the cell, it is critical to guarantee that the “always-on” RS is not required and TRS transmission can be ceased when it is needed. Hence, the multiple alternatives of valid time duration for TRS resource occasion was discussed in RAN1#105-e meeting. However, considering the L1 based availability indication is detected by different UEs in different time occasions, it is important to discuss how to determine the start or end of the valid time duration for different UEs in the cell if it is introduced.
Detailed configuration

In RAN1#105-e meeting, some parameters of TRS for UE in RRC Idle/Inactive state were agreed. However, some other parameters need further discussion. 

QCL information

	Agreement:

The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.

FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration

FFS: QCL type, which is predetermined


Because SSB is the only available RS for a UE in RRC Idle/Inactive state, the QCL information for TRS/CSI-RS occasion(s) is indicated as an SSB index according to agreements in RAN1#105-e meeting. As the number of SSB index can be up to 64, the signaling overhead of QCL information is significant if the QCL information is configured per TRS resource. Hence, it is suggested that QCL information of TRS occasion is indicated per RS resource set.
Proposal 6: The QCL information of TRS occasion is indicated per RS resource set.

Regarding QCL type, the following way should be reused. As the applicable QCL types are QCL-Type C and QCL-Type D, the QCL information of TRS occasion can be simply indicated as a SSB index without QCL type.

Proposal 7: The QCL type of TRS occasion is determined according to Rel-15/16 specification.

	TS38.214:

For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):

-
'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or

...


Other parameters

The parameters of TRS occasions are configured by SIB. It is noted that the maximum payload size of SIB is limited to 2976 bits. The configuration signaling should be reduced to make sure it will not exceed the limitation.
	Agreement:

Support applicable values for the following configuration parameters as below.
powerControlOffsetSS: {-3, 0, 3, 6}dB
scramblingID: 0 to 1023
firstOFDMSymbolInTimeDomain: 0 to 9 

firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
startingRB: 0 to 274
nrofRBs: 24 to 276


To reduce signaling overhead, a default value can be applied if it is not configured. An example is shown in the following table. If some parameters have to be configured, they can be jointly indicated. For example, the startingRB and nrofRBs can be indicated together via a RIV. 

Proposal 8: A default value should be applied if the corresponding parameter is not configured for RRC idle/inactive UE.

Proposal 9: Some parameters, such as startingRB and nrofRBs, can be jointly indicated to reduce signaling overhead.

Table 1 Default value of TRS configuration
	Parameters
	Applicable values
	Default value if not configured

	powerControlOffsetSS /dB
	{-3, 0, 3, 6}
	0

	scramblingID
	0 to 1023
	0

	firstOFDMSymbolInTimeDomain
	0 to 9
	6


Generally, the CSI-RS resources configuration framework can be re-used. To reduce signaling overhead, more common parameter(s) can be configured per CSI-RS resource set.
Conclusion

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

Proposal 1: Confirm the following working assumption.
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

FFS whether and how to enable/disable L1 based availability indication configurable by SIB.
Proposal 2: The SIB-based signaling for indication of TRS occasion availability is not needed if L1-based signaling indication is configured.

Proposal 3: Bitmap should be used to indicate the TRS availability/unavailability information.

Proposal 4: The maximum number of CSI-RS/TRS resources should be sufficient to support multi-beam operation with a maximum of 64 beams.

Proposal 5: Each bit in the bitmap can be used to indication the availability/unavailability indication for a TRS resource set.

Proposal 6: The QCL information of TRS occasion is indicated per RS resource set.

Proposal 7: The QCL type of TRS occasion is determined according to Rel-15/16 specification.

Proposal 8: A default value should be applied if the corresponding parameter is not configured for RRC idle/inactive UE.

Proposal 9: Some parameters, such as startingRB and nrofRBs, can be jointly indicated to reduce signaling overhead.
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