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Introduction
In the 3GPP TSG RAN1#106-e meeting [2], agreements about TRS for idle/inactive state UE were reached as follows.
	Agreement:
 Support at least one of the following alternatives
· Alt1: L1 availability indication at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note:  The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 
Note: a RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs, where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.
Agreement
L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where
· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.
Agreement
For a RS resource configured for TRS/CSI-RS occasion(s) for idle/inactive UEs, a quasi co-location type can be determined as 
· ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block



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

Availability indication
Indication signaling
	(RAN1#105-e) 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


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.
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.
[bookmark: _Toc28676][bookmark: _Toc22560][bookmark: _Toc29890][bookmark: _Toc5078][bookmark: _Toc83826001]Confirm the following working assumption. 
[bookmark: _Toc83826002]Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
[bookmark: _Toc83826003]Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
· [bookmark: _Toc83826004]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 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. Hence, we have the following proposal.
[bookmark: _Toc83826005]The SIB-based signaling for indication of TRS occasion availability is not needed if L1-based signaling indication is configured.


Indication content
In RAN1#106-e, the following was agreed regarding how to indicate availability / unavailability information of the TRS resources.
	Agreement:
 Support at least one of the following alternatives
· Alt1: L1 availability indication at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note:  The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 
Note: a RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs, where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.



[bookmark: _GoBack]For Alt 1, the bit width of L1 signaling in each occasion may be small because only the RS resources with the same QCL reference as the L1 availability indication occasion are indicated while the other RS resources are not indicated. For UE with low mobility or less frequently varied channel condition, the pair of gNB transmission beam and UE reception beam can be maintained for a long period. With Alt 1, UE doesn’t need to detect multiple L1 signaling occasions for availability information of multi-beam TRS resources when UE has chosen the best DL beam direction. However, for UE with medium / high mobility or unexpected beam blocking, Alt 1 requires UE to detect multiple L1 signaling occasions as UE may move out the coverage of the previous beam of the TRS/CSI-RS occasion. 
For Alt 2, UE has more flexibility to select a proper TRS/CSI-RS occasion for channel tracking / AGC with a single detection of L1 signaling. In this sense, Alt 1 consumes more UE energy than Alt 2 due to the multiple detection of L1 signaling and long wake-up period. Hence, we have the following proposal.
[bookmark: _Toc83826006]Proposal 3: For the L1 availability indication, the following Alt 2is preferred.
· [bookmark: _Toc83826007]Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion

Bit indication
The maximum numbers of beams in FR1 and FR2 are 8 and 64, respectively. In the real deployment, the number of beam direction depends on the deployment scenarios. Therefore, the number of bits for TRS availability indication should be configurable. 
Regarding the indication in a format of bitmap versus codepoint, it has been pointed out by many companies in the previous meetings that using bitmap enables multiple active TRS resources at the same time, which is more beneficial to UE power saving. With a bitmap, the TRS/CSI-RS resources can be turn on/off independently. Hence, bitmap is suggested.
For paging DCI, there are 6 (or 8 for shared spectrum channel access) reserved bits available for re-interpretation. If a bitmap with one bit corresponding to one beam direction mapping is used to represent TRS/CSI-RS availability indication, the 6 reserved bits are not enough to indicate at most 8 beams for FR1 or 64 beams for FR2. 
For PDCCH based PEI, a large payload size will increase the detection requirements.
Hence, the TRS/CSI-RS occasion(s) for different beam directions should be further grouped to reduce the L1 signaling overhead. Hence, we have the following proposal.
[bookmark: _Toc83826008]The number of bits of the bitmap for TRS availability indication is configurable.
[bookmark: _Toc83826009]The TRS/CSI-RS occasion(s) for different beam direction should be further grouped to reduce the L1 signaling overhead

Valid time duration
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#106-e meeting. 
	Agreement
L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where
· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.



Herein an issue of the dynamic indication of valid time duration is discussed. Taking a combination of alt1 for time duration (i.e. configured by higher layer) and alt2 for reference point (time location where UE receives the indication) as an example. As shown in Figure 1, according to the availability indication carried by the PO#1 in the first paging cycle, the TRS resources will be available for the next X paging cycles from the point where UE receives the indication, where X is configured by higher layer. In the next paging cycle (i.e., the second paging cycle in Figure 1), as long as the availability indication is transmitted via L1 signaling, the TRS resources will still be available for the next X paging cycles counted from the second paging cycle. The same interpretation will be applied in the third paging cycle and so on. In this sense, network cannot de-activate TRS resources and it will result in “always-on” TRS. The similar issue exists in some other combinations as well, for example, Alt 3+Alt 1. 
For Alt-2 of valid time duration, as the TRS resources are originally configured for RRC connected state UEs, it is not reasonable to couple the transmission occasions with POs for RRC idle/inactive state UEs. 
While Alt 4, i.e, until when the UE receives another availability indication, can resolve the above issues. 
Hence, we have the following proposal.
[bookmark: _Toc83826010]For the valid time duration of TRS resources, the Alt-4 (i.e., until when the UE receives another availability indication) is preferred.

[image: ]Figure 1 TRS valid time duration
[bookmark: _Ref68083116]Detailed configuration
In RAN1#106-e meeting, some parameters of TRS for UE in RRC Idle/Inactive state were agreed. However, other parameters need further discussion. 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.
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.
To reduce signaling overhead, a default value can be applied if it is not configured. An example is shown in Table 1. Another alternative is to jointly indicate some parameters. For example, the startingRB and nrofRBs can be indicated together via an RIV. 
[bookmark: _Toc83826011]A default value should be applied if the corresponding parameter is not configured for RRC idle/inactive UE.
[bookmark: _Toc83826012]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



For the number of slots for TRS resource, the following was discussed in RAN1#106-e meeting.
	(R1-2108515) Proposal 5.1 (v3)
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs supports the time-domain locations of two RS resources in a slot, or of the four RS resources in two consecutive slots 
· FFS whether need configuration parameter: number of consecutive slots with applicable values of 1 or 2.



The TRS/CSI-RS resource with two consecutive slots can be treated as either two separated TRS/CSI-RS resources where each resource has one slot, or as a single TRS/CSI-RS resource with configurable slot number. To reduce signaling overhead, the later one (i.e., a single TRS/CSI-RS resource with configurable slot number) is preferred. Hence, we have the following proposal.
[bookmark: _Toc83826013]The number of slot of TRS/CSI-RS occasion(s) is configurable.

Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following 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:	Proposal 3: For the L1 availability indication, the following Alt 2is preferred.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Proposal 4:	The number of bits of the bitmap for TRS availability indication is configurable.
Proposal 5:	The TRS/CSI-RS occasion(s) for different beam direction should be further grouped to reduce the L1 signaling overhead
Proposal 6:	For the valid time duration of TRS resources, the Alt-4 (i.e., until when the UE receives another availability indication) is preferred.
Proposal 7:	A default value should be applied if the corresponding parameter is not configured for RRC idle/inactive UE.
Proposal 8:	Some parameters, such as startingRB and nrofRBs, can be jointly indicated to reduce signaling overhead.
Proposal 9:	The number of slot of TRS/CSI-RS occasion(s) is configurable.
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