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Introduction
In RAN 86 meeting, it was agreed to specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, and minimize system overhead impact [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required


[bookmark: _GoBack]In the past RAN1 meetings, additional TRS/CSI-RS had been widely discussed with fruitful output. In this contribution, we will continue discussing the remaining issues.

Availability indication of TRS/CSI-RS
In RAN1#105e, the following agreement on the availability indication of TRS/CSI-RS has been achieved [2].
	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 signaling


In this section, we share our views on signaling method of availability indication of TRS/CSI-RS.

L1 based availability indication
In RAN1#105e, the following working assumption on L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs had been achieved [2].
	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.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB


The purpose of introducing TRS/CSI-RS is to prevent UE from waking up too early to get the finer frequency and time synchronization for paging reception. UE should know whether the TRS/CSI-RS is available in advance, otherwise, the benefits of introducing TRS/CSI-RS occasion(s) for idle/inactive UEs cannot be obtained. 

Paging PDCCH based availability indication
For paging PDCCH based availability indication, the paging PDCCH in the previous paging cycle can indicate the availability of TRS/CSI-RS for the PO in the next cycle, as shown below. 
[image: ]
Figure 1: The availability indication of TRS/CSI-RS is delivered in paging PDCCH
On the other hand, although DCI format 0-1 can be used for paging PDCCH scheduling paging message, there are still reserved bits and reserved states (e.g. the short message field) in DCI format 0-1. The reserved bits or states in DCI format 0-1 can be used for availability indication of TRS/CSI-RS.
Proposal 1: Confirm the working assumption that “Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs”.

PEI based availability indication
For PEI based availability indication, the PEI can indicate the availability of TRS/CSI-RS for the PO associated with PEI or the PO in the next cycle when PEI is configured, as shown below. 
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Figure 2: The availability indication of TRS/CSI-RS is delivered in PEI
On the other hand, when PEI is configured, in most cases, the paging DCI may not be transmitted in the previous paging cycle and the availability of TRS/CSI-RS for the PO in the next cycle cannot be indicated based on paging DCI. In this case, PEI based availability indication may be a straight forward way to carry the availability indication of the TRS/CSI-RS. Furthermore, there is no additional power consumption and additional resource overhead (availability bits in PDCCH-based PEI is reserved).
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 2: Confirm the working assumption that “Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs”.

SIB based availability indication
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]In RAN1#105e, the following working assumption on SIB based availability indication of TRS/CSI-RS to the idle/inactive UEs had been achieved [2].
	Agreement:
Further study supporting SIB based signaling 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 signaling and L1 based signaling can be configured simultaneously


In general, in case L1 based availability indication is not configured, the availability of TRS/CSI-RS can be informed to the UE by the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB.
On the other hand, in case L1 based availability indication is configured, whether SIB based availability indication is necessary should be studied. In our view, when the availability information is static (e.g. in the day light in macro cell), the update of the availability information is infrequent, and SIB based availability indication can be still considered.
When SIB based signaling and L1 based signaling are configured simultaneously, SIB based signaling provides the long-term availability information for the configured TRS/CSI-RS occasions, and L1 based signaling provide the short-term updates relative to the long-term availability information.
Proposal 3: SIB based signaling and L1 based availability indication of TRS/CSI-RS can be configured simultaneously.

Indication content of availability indication of TRS/CSI-RS
In RAN1#105e, it was agreed that availability/unavailability information for each resource (set) in all or some of configured RS resources is indicated though a bitmap or codepoint [2].
	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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For bitmap, each bit from the bitmap can be associated with a set/group of resources. The signaling overhead can be reduced.
For codepoint, a codepoint may indicate a state of availability/unavailability for all or some of configured RS resources. When the number of resources is relatively large, this method needs to define many states, and it will bring large signaling overhead to configure these states. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Therefore, in our view, using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources, should be supported.
Proposal 4: Availability/unavailability information using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources, should be supported.

Validity time of availability indication of TRS/CSI-RS
In RAN#93e, it was agreed that same mechanism/principle for TRS availability indication is adopted for both paging DCI and the DCI format for PEI.
	Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 


Hereafter, we will discuss the validity time of availability indication of TRS/CSI-RS without differentiating paging DCI or the DCI format for PEI. In this section, we take the paging DCI based availability indication as the example to show our views on validity time of availability indication of TRS/CSI-RS.

The validity time
In RAN1#106e, the following agreement on validity time of availability indication of TRS/CSI-RS had been achieved [3].
	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.


The validity time is defined as a time duration starting from a reference point.

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Time duration of the validity time
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In order to reduce the signaling overhead of the network, the time duration should be large enough, e.g. several paging cycles. In the time duration, UE does not need to receive the availability indication of TRS/CSI-RS again. An example is shown in Figure 3, in which the time duration is 3 paging cycles. In this case, the network only needs to send availability indication every 3 paging cycles.
[image: ]
Figure 3: An example for the time duration
For Alt-1 and Alt-2, it seems that the configured duration by higher layer (Alt-1) or a predefined/configured window (Alt-2) is robust and has the small bit overhead. 
For Alt-3, the dynamic signaling selecting one of candidate values has the large bit overhead. 
For Alt-4, time duration until UE receives another indication is not robust. Therefore, we prefer Alt-1 and Alt-2.
Proposal 5: Select Alt-1 or Alt-2 for the time duration of the validity time.

Reference point of the validity time
For Alt-1, the effective time of TRS/CSI-RS is the next PO or DRX cycle. It seems a bit later for some cases, but it still makes sense.
For Alt-2, it can provide TRS/CSI-RS in time. The application time can be reserved for the preparation time.
For Alt-3, it seems a bit early, and TRS after the current PO is not helpful for the current PO reception. However, it is not problematic, since the “application time” can be transparent to gNB and spec.
For Alt-4, it seems similar as Alt-2, if the application time is configured by higher layer.

Conclusion
In this contribution, we discuss TRS/CSI-RS occasion(s) for idle/inactive UEs with the following observation and proposals.
Proposal 1: Confirm the working assumption that “Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs”.
Proposal 2: Confirm the working assumption that “Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected”.
Proposal 3: SIB based signaling and L1 based availability indication of TRS/CSI-RS can be configured simultaneously.
Proposal 4: Availability/unavailability information using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources, should be supported.
Proposal 5: Select Alt-1 or Alt-2 for the time duration of the validity time.
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