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Introduction
[bookmark: _Hlk510705081]The release 17 work item [1] on UE power saving includes the following objective1. 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 this contribution, assumptions and evaluation results relevant to the objective 1b are discussed. 
Behavior and signaling related to TRS/CSI-RS occassions
Availability indication
The aspects related to presence indication or guarantee for the IDLE/Inactive UEs for potential TRS/CSI-RS occasions(s) was discussed in RAN1#104e with following agreement:
	[bookmark: _Hlk56167136]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).






PEI support for L1 based availability indication
In last meeting it was confirmed that L1 availability indication can be configured to both paging DCI and PEI:
	Agreement
Confirm the following working assumption
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.




If network configures the L1 availability indication for PEI, it would seem also necessary to configure the availability for paging DCI, as the UE may choose whether it monitors PEI and/or paging DCI. 
Observation: Monitoring PEI is not mandatory to the UE, and UE could choose to monitor paging DCI directly instead, thus if L1 availabilty indication is configured for PEI, it should be configured also for paging DCI.
On the reverse, if L1 availability is configured for paging DCI, it would not mandate the necessity to configure the L1 indication also to PEI. It could be that the expected additional power saving benefit due to TRS occasions would not justify the paylod increase in PEI to ensure robust performance, that it is preferable not to provide availability indication in PEI. There has not been made any agreement on this perspective, while the CR [2] conditions the presence of the field ‘TRS-ResourceSetConfig’similarly as for paging DCI. Thus it would be good that RAN1 discusses this and considers whether there should be flexibility to select whether L1 availability indication is provided always on PEI when the TRS occasions are configured.
Proposal: Discuss whether L1 availability indication needs to be always configured also to PEI when TRS occasions are configured.
Validity duration and reference point
The reference point for the start of the validity duration was agreed in last meeting to match to the SFN of the first PF of the default paging cycle:
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 




As described in 38.213, the reference frame for the start of the validity duration is determined by (SFN+PF_offset) mod T =0   (where T= default paging cycle) that corresponds to the frame the includes the PDCCH carrying the indication.
	[image: ]



The aspect of ‘consistency of the indication’ has been discussed. Now following the agreements made, upon receiving a availability indication(s) with value ‘1’ (in the bit map), UE would assume that the TRS (associated to the bit in the bitmap) would be present starting from the corresponding default paging cycle (i.e. at (SFN+PF_offset) mod T =0 ) for the duration of the validity duration (i.e. N*default paging cycle). Hence, after receiving first availability indication, UE would not need further availability indications to confirm the availability. If a new L1 availability indication with value ‘1’ is receveived and the reception would occur within a different paging cycle, UE would assume the availability starting from that default paging cycle till end of validity duration, as illustrated in Figure 1. Hence, it would appear that there would not appear to be any inconsistency from UE perspective. 
Observation: From UE perspective there does not appear to be inconsistency in TRS availability based on L1 availability indication.

[image: ]
[bookmark: _Ref91062035]Figure 1. Illustration of TRS availability assumption based on the L1 availability indication.
It was also confirmed that both paging DCI and PEI (DCI format 2_7) can be configured to indicate the availability. The PEI monitoring occasions are expected to occur in a frame before PO (i.e. set by by PEI-F_offset) as illustrated by Figure 2. Hence, the reference frame for validity duration can be different for PEI and paging DCI could be different if the PEI-F_offset is larger than PF_offset and the UE is associated to the first PF (e.g. (SFN + PF_offset) mod T). Hence, PEI would for example indicate the availability for status for default DRX cycle n, while paging DCI would indicate the availability status for default paing cycle n+1. Thus this could result the L1 availability indication to be different for PEI and paging DCI.
Observation: If PO and associated PEI fall to different default paging cycles, the L1 availability indication could be different in the paging DCI and PEI.
Following the discussion above, this would not be a problem from UE perspective as UE can always determine it’s assumption of TRS availability on the timing of latest L1 availability indication with value ‘1’. Hence, if UE receives L1 availability indication with value ‘1’ in PEI, it can assume the availability based on the associated default paging cycle (i.e. that contains the indication) and correspondingly if UE receives paging DCI (e.g. based on PEI indication) it can determine the availability assumption accordingly.
Observation: Having different L1 indication value in paging DCI and associated PEI would not cause any UE ambiquity as UE can determine the availability assumption based on the latest L1 availabilty indication with value ‘1’.
It could also be considered that if the L1 availability is in PEI that the reference point for the validity duration is determined always based on the associated PO. This would ensure alignment of the indications (while it is not required), but could result an ambiquity case. In the case that paging cycle of the UE is longer than the default DRX cycle, and two PF, n and n+1, are associated to same PEI, it could be that the PF’s (and corresponding POs) fall to different default paging cycles and hence the availability status could be different for these and therefore ‘aligned’ indication would not be necessary. In principle there is no problem with this approach either as network can choose whether it indicates the availability in the first place. Hence, if TRS would not be present in the latter default paging cycle associated to PF n+1, network could choose to indicate no availability in the PEI (nor in the paging DCI) or choose to make the TRS present upon the PEI transmission or at the next default paging cycle. However, as the current approach would allow better flexibility, it is preferred.
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[bookmark: _Ref89948482]Figure 2. Illustration of PEI monitoring configuration




Signaling of the TRS/CSI-RS occasions configuration
The TRS configuration for IDLE/Inactive mode UEs has been discussed in the past meetings. In RAN1#106bis-e meeting following agreement was made for TRS occasion configuration:
	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 RAN1#107e the open items were further discussed, and following agreement was made:
	Agreement
For the maximum number of TRS resource sets configured by higher layer, X,
· X = 64
· FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1



 
In context of scramlingID, following proposal was discussed without reaching a conclusion on the following proposal:
	Proposal 4-1 (v9) 
Support a configuration parameter for the number of, X, TRS resources for a TRS resource set.
· applicable values for X: {2, 4}
One or more scrambling IDs is configured for TRS resources within a TRS resource set.
· If only a single TRS resource is configured with scrambling ID, it applies to all the TRS resources.
· Otherwise, the number of scrambling IDs is equal to the number of TRS resources, where the scrambling ID is configured per TRS resource.




As noted above it was agreed that the maximum number of TRS resource sets should not be higher than 64, and it was left for further discussion whether the number of configured TRS resource sets should be further restricted. There was discussion whether one TRS resource set per actually transmitted SSB would be sufficient. There could be deployments where network might have two optional configurations per SSB beam for the TRS, one with e.g. lower periodicity and other with higher periodicity. The dedicated TRS configuration in CONNECTED mode can be selected by network based on the UE specific conditions to limit the RS overhead when possible i.e. select the periodicity accordingly. Hence there could be more than one possible configuration per SSB, thus it is not supported to restrict the number of configured TRS resource sets for IDLE/Inactive UEs to one per SSB. In terms of UE capability, csi-RS-ForTracking defined in TS38.306 sets the capability for CONNECTED mode UE to restrict the number of resource sets that can be configured. However, as for the IDLE/Inactive UE there are no requirements set for the UE in relation to TRS occasions, thus there is no mandate to receive, store or use the configuration. 
Observation: As there are no requirements for the IDLE/Inactive UE in relation to TRS occasions, it does not seem neccesary to restrict the number TRS resource set configurations.

[bookmark: _Hlk90654141]For number of slots/resources and associated scramblingIDs, it was discussed whether a separate parameter is needed or whether the number of scramblingIDs can implicitely indicate the number of resources. As discussed, in case of FR1, the case when only one slot (or two resources) can be configured is restricted to the case when no consecutive downlink slots exists in UL/DL slot configuration. It would seem rather safe assumption to consider that this case can be omitted from the IDLE/Inactive operation perspective as it would imply very restricted number of DL slots for sending SSB, SI and paging for the IDLE/Inactive mode UEs. Thus without losing any significant generality, for FR1 two slot/4 symbol TRS resource set could be assumed.
Observation: For FR1, two slot/4 symbol TRS resource set could always be assumed.
Hence for FR1, it could be considered that network could either configure four scrambling IDs IEs, corresponding to each resource (of the four) or one scrambling ID IE is configured and it would be assumed to be common for all resources.
Proposal: For FR1, either 4 separate scrambling ID IEs can be configured, one for each resource, or one scrambling ID IE is provided, being common for all four resources.
For FR2, both, one slot and two slot TRS configurations are valid configurations. Thus it could be assumed that if two scrambling ID IEs are provided, two resources (i.e. one slot) TRS resource set is configured. Correspondingly, if four scrambling IDs IEs are provided, four resources (i.e. two consegutive slots) TRS resource set is configured. The remaining open aspect is that, if it is possible to provide only one scrambling ID IE (to limit the overhead), what should be the assumption for the FR2 for the number of TRS resources. In this case, it could be simplest just to assume that two resources (i.e. single slot) with same scrambling ID are transmitted by network. This does not restrict the network configuration as it would still allow the network to have/configure 4 resoruces from CONNECTED mode UE perspective. The latter (or former) resources would be just ‘invisible’ from IDLE/Inactive UE perspective.
Observation: For FR2, one slot/2 symbol and two slot/4 symbol TRS resource set configurations are possible.
Proposal: For FR2, either 4 or 2 separate scrambling ID IEs can be configured, one corresponding to each available resource. If only one scrambling ID IE is provided, it is common for all four resources.

· 



Conclusion
In this contribution we have discussed the the aspects related to providing potential TRS/CSI-RS occasion(s) available in connected mode to IDLE/INACTIVE-mode UEs.
In section 2 we have considered the possible use cases as well the presence indication related behavior and assumptions. First we make following proposal and observation:- 
Observation: Monitoring PEI is not mandatory to the UE, and UE could choose to monitor paging DCI directly instead, thus if L1 availabilty indication is configured for PEI, it should be configured also for paging DCI.
Proposal: Discuss whether L1 availability indication needs to be always configured also to PEI when TRS occasions are configured.
Observation: From UE perspective there does not applear to be inconsistency in TRS availability based on L1 availability indication.
Observation: If PO and associated PEI fall to different default paging cycles, the L1 availability indication could be different in the paging DCI and PEI.
Observation: Having different L1 indication value in paging DCI and associated PEI would not cause any UE ambiquity as UE can determine the availability assumption based on the latest L1 availabilty indication with value ‘1’.
In section 3 we discussed the remaining open items relared to the TRS occasion configuration for the IDLE/INACTIVE mode UEs:-
Observation: As there are no requirements for the IDLE/Inactive UE in relation to TRS occasions, it does not seem neccesary to restrict the number TRS resource set configurations.
Observation: For FR1, two slot/4 symbol TRS resource set could always be assumed.
Proposal: For FR1, either 4 separate scrambling ID IEs can be configured, one for each resource, or one scrambling ID IE is provided, being common for all four resources.
Observation: For FR2, one slot/2 symbol and two slot/4 symbol TRS resource set configurations are possible.
Proposal: For FR2, either 4 or 2 separate scrambling ID IEs can be configured, one corresponding to each available resource. If only one scrambling ID IE is provided, it is common for all four resources.
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