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Introduction
The RAN WG approved work item on Power Saving Enhancements [1]. The work item includes the following objective for enhancements for idle/inactive mode:
	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



In RAN# 93e [2], the following was agreed with regards to paging enhancements and TRS occasions in idle/inactive mode.
	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



The following was agreed in RAN1 # 106bis-e [3] in connection to TRS/CSI-RS occasions in idle/inactive mode
	Conclusion
No consensus to support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs

Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 

Agreement
For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability information for configured RS resources using a bitmap. where each bit indicates whether associated TRS resource(s) are available.
· support L1 availability indication at an occasion can provide availability information RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
· FFS associated TRS resource(s) per bit, e.g. a bit is associated with a TRS resource set
· Bitmap size is up to X bits
· X = [6] for paging PDCCH based L1 availability indication.
· FFS X for PEI DCI based L1 availability indication
· FFS details about how to configure the DCI field: e.g. start and length of bitmap (e.g. explicitly/implicitly configured)
· for paging PDCCH based L1 availability indication, support L1 availability indication at an occasion can provide availability information for all configured RS resources
· FFS whether this needs to be supported regardless of the number of beams or for some configured RS resources
· FFS: PEI DCI provides L1 availability indication information only for RS resources with QCL references to be the same as for the L1 availability indication occasion
· FFS: indication of unavailability
 
Agreement
At least for paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the L1 availability indication is valid for a time duration starting from a reference point, where
· the time duration is a validity duration configured by higher layer,
· FFS applicable values, e.g. # of DRX cycles, or multiple of default paging cycle duration (i.e. modification period)
· FFS UE doesn’t expect inconsistent L1 based indication during the time duration
· the reference point for start of the validity duration is one of the following alternatives:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network
· Alt3: default time duration e.g. default paging cycle
· FFS whether and how to handle the miss detection issue of L1 signaling

Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
·        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
§  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
§  a QCL reference
§  firstOFDMSymbolInTimeDomain,
§  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
§  FFS
·        scramblingID,
·        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
·        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.




In this contribution, we express our views on providing configuration of CSI-RS/TRS in idle/inactive mode.
Discussion on TRS configuration and availability indication
In RAN1 105-e[4], WA was agreed for paging PDCCH based and PEI PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs. In our view, paging DCI based indication should be considered as default or fallback and can be applicable regardless of whether PEI is configured or not. 
We suggest to focus on paging DCI based availability indication design. Paging PDCCH based availability indication is still workable when PEI is configured, and the performance difference of PEI based indication and paging PDCCH based indication is not expected to be significant, considering that NW is not mandated to transmit L1 availability indication all the time anyways. Transmission probability of PEI is expected to be low for typical paging rate. Hence, a second L1 based signaling for minor optimization is not strongly motivated. Also, based on RAN# 93e guidance, it is expected that only essential functionality will be supported by PEI.

Proposal 1: Prioritize paging PDCCH based availability indication signaling design.
Observation 1: TRS availability indication is not an essential functionality of the PEI.

If PEI based availability indication is eventually agreed, then based on RAN# 93 guidance, it is expected that similar design mechanism/principle would be adopted for both PEI DCI and paging DCI for TRS availability indication, such as applicable validity duration, reference starting point, bitmap mapping to TRS resources/resource sets etc.

Proposal 2:  Similar design mechanism/principle for PEI (if agreed) and paging DCIs for TRS availability indication includes adopting a similar applicable validity duration, reference starting point, bitmap/codepoint mapping to TRS resources/resource sets etc.

For paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, it has been agreed in RAN1 # 106bis that the L1 availability indication is valid for a time duration which is configured by a higher layer. Application values can be a number of DRX cycles. Moreover, time duration can be optionally configured. If not provided, following options were listed:

· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network 
· Alt3: default time duration e.g. default paging cycle

For both Alt1 and Alt2, availability indication is valid until UE detects next L1 indication. If “available” is indicated and UE misses next DCI, it implies UE would process unwanted signal assuming a valid TRS. Hence, in our view, Alt3 seems as a more reasonable choice

Proposal 3: When the time duration is not configured for the validity of L1 availability indication, support Alt3: default time duration, e.g., default paging cycle.

Regarding reference point for the start of the validity duration, following options were listed for down selection:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0

In our view, Alt1 or Alt2 can be considered where reference point is common to all UEs camped in the cell. Alt2 allows for receiving TRS right after decoding the L1 indication. There may not be material difference between the two in terms of power saving performance. Alt1 and Alt2 can be potentially same for L1 indication based on paging DCI.

Proposal 4: Support one of the following for start of the validity duration
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication

L1 availability indication using a bitmap was agreed in last meeting. Moreover, it was also agreed that L1 availability indication at an occasion can provide availability information RS resources with QCL references not confined to be the same as for the L1 availability indication occasion. A TRS resource set include the QCL reference as the common parameter. Hence, to reduce signaling overhead, it makes sense to consider each bit in the bitmap correspond to a TRS resource set. We think reserved bits of paging DCI can be used for availability indication. There are 8 reserved bits for operation in a cell with shared spectrum channel access; otherwise it is 6 bits in the paging DCI. Hence, we think size of bitmap can be up to the number of reserved bits available, and preferably can be less to leave room for future use. Hence, we suggest to confirm X = 6 bits for the bitmap indication. Since bitmap is indicated, we suggest to also support “unavailability” indication as part of the bitmap. gNB may flexibly control transmission of TRS at the occasions whenever needed, if unavailability can also be indicated. Otherwise, validity of a given indication lasts until the time duration.

Proposal 5: Support the following for using bitmap, at least in paging DCI based availability indication
· a bit is associated with a TRS resource set
· confirm size of bitmap X = 6
· Indication of “unavailability”

Conclusions
In summary, we have following list of observations and proposals:

Proposal 1: Prioritize paging PDCCH based availability indication signaling design.
Observation 1: TRS availability indication is not an essential functionality of the PEI.

Proposal 2:  Similar design mechanism/principle for PEI (if agreed) and paging DCIs for TRS availability indication includes adopting a similar applicable validity duration, reference starting point, bitmap/codepoint mapping to TRS resources/resource sets etc.

Proposal 3: When the time duration is not configured for the validity of L1 availability indication, support Alt3: default time duration, e.g., default paging cycle.

Proposal 4: Support one of the following for start of the validity duration
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication

Proposal 5: Support the following for using bitmap, at least in paging DCI based availability indication
· a bit is associated with a TRS resource set
· confirm size of bitmap X = 6
· Indication of “unavailability”
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