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Introduction
For TRS enhancement for IDLE/INACTVE UEs, the conclusions/agreements in the appendix were achieved in RAN1#107-e and #106bis-e meeting [1][2]:
This contribution provides our views on the remaining details of enhancement for TRS/CSI-RS occasion(s) for idle/inactive UEs.
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Discussion

On SIB based availability indication
Regarding whether to support SIB based signaling for TRS availability indication, the following conclusion and working assumption were achieved at RAN1#106bis-e meeting.
	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. 


The SIB based signaling availability indication means the TRS occasions are configured via SIB but without L1 signaling. Any changing of the availability/unavailability of any of the TRS resources requires to trigger the system information medication procedure. Therefore, the network side would not be able to flexibly share the potential TRS occasions to IDLE/INACTIVE UEs from the ones originally configured for CONNECTED UEs. By solely using SIB based signaling, the only sensible scenario would be network would share the TRS resource(s) when they are more statically transmitted, which can be quite limited and almost equal to the TRS is “always-on”. Thus, we share the view achieved in the above working assumption and propose to confirm it.
Proposal 1: Confirm the working assumption that if TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.  

To only support availability indication or both availability and unavailability indication
In the last meeting, the L1 based availability indication of TRS using bitmap of up to 6 bits was agreed, where each bit is associated with a group of TRS resource sets. In addition, in the agreement of RAN1#106bis-e meeting, there is also an FFS bullet for indication of unavailability. Therefore, there can be two interpretations of the L1 indication.
· Opt.1: L1 indication only supports availability indication. When ‘1’ is indicated in a certain bit of the bitmap, the corresponding TRS resource set group are assumed to be available. However, for a certain bit of the bitmap, ‘0’ does not necessarily mean the corresponding TRS resource(s) are unavailable, especially when the indication is close to the end of validity duration. A TRS resource is assumed as unavailable if the validity duration of the TRS expires and the latest PEI/paging DCI does not indicate the TRS resource is available.
· Opt.2: L1 indication supports both availability and unavailability indication. For a certain bit of the bitmap, ‘1’ means the UE shall assume the corresponding TRS resource(s) is available and ‘0’ means unavailable.
The basic difference between Opt.1 and Opt.2 is that, for Opt.1 network does not use L1 signaling to explicitly switch off a certain TRS resource(s). The TRS resource(s) will automatically become unavailable after the validity duration expires. However, Opt.2 explicitly switch on or off a certain TRS resource even within the validity time duration. 
By configuring an appropriate valid time duration, different strategies can be utilized by the network. 
· If network intends to save control overhead and use less dynamic indication, longer valid time duration can be adopted and some of the L1 signaling can just be skipped. This strategy works for both Opt.1 and Opt.2. 
· If network intends to control the TRS availability/unavailability more dynamically, shorter valid time duration has to be configured for Opt.1 and network needs to transmit the L1 signaling frequently to update the TRS resource(s) on/off status, even if some TRS resource(s) are available for long time. However, for Opt.2, the network can still use a long valid time duration and has the full flexibility on whether to transmit the L1 signaling based on whether the TRS resource(s) on/off status is changed or not. Thus for Opt.2, both flexibility and less system control overhead are achieved.
· Regardless of which Opt.1 or 2, the validity duration of the TRS is necessary as discussed below for the miss detection case of DCI.
From the above analysis, we propose to define both TRS availability and unavailability in the L1 based indication by the bitmap.
Proposal 2: To extend the current agreement to support unavailability indication by the following:
· For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability and unavailability information for configured RS resources using a bitmap, where each bit indicates whether associated TRS resource(s) are available or not by ‘1’ and ‘0’.

	Regarding whether any limitation should be defined for the TRS availability/unavailability L1 indication within the validity duration, an FFS is left in the below agreement: 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 
Note: Qualcomm and Huawei have concern with above agreement


In our view, it is not necessary to either define such behavior from gNB side or assumption from UE side. Firstly, we think the UE behavior on whether to monitor the PEI-based L1 indication is just up to UE implementation. Because UE may choose a more power efficient behaviour on whether to monitor only PEI or directly monitor the paging PDCCH based on the channel condition and relative position between SSB, PEI-Os and POs. Moreover, there is chance of miss detection of PEI. Therefore, limiting to only once transmission is not so technically reasonable.
Proposal 3: To monitor the PEI-based L1 indication is up to UE implementation
Proposal 4: No need to specify the availability indication is transmitted only once during the validity duration.


On validity period
In the below agreement achieved in the last meeting, the applicable value range is not settled yet as in the bracket. 
	Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s).


The main concern of supporting validity duration larger than 32 default paging cycle is the SFN range. Some companies have concern to implement hyper SFN to support such large range for UE in IDLE/INACTIVE mode. We see there is some additional implementation effort. However, the complexity to support the larger range in the bracket is marginal in our view. Because the duration of {64, 128, 256, 512} default paging cycles is always dividable by 1024 frames, considering PagingCycle ::= ENUMERATED {rf32, rf64, rf128, rf256}. Thus one additional counter would be quite sufficient to support larger range than SFN without implementing hyper SFN.
In addition, even with the agreed value, taking 32 cycles and PagingCycle = rf256 as example, the validity duration is 8192 radio frames, which already exceeds the SFN range. Therefore, we think it is no major issue to support the applicable values larger than 32.
Proposal 5: For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support applicable values: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512}.


Regarding whether UE shall expect inconsistent L1 based indication during the valid time duration, we think the network should have the flexibility to change the availability of TRS. As discussed above in this section, this may allow network achieve both flexibility and low control overhead. No matter network intends to change the TRS on/off status frequently or not, it may configure a longer valid time duration and choose to skip or transmit the L1 indications depending on how frequent it needs to change the TRS on/off status. Therefore, the validity time duration is used by UE to keep the indication valid in case there is no new L1 signaling or miss detection but it is by network implementation whether to update the information during validity time duration. Therefore,
Proposal 6: No need to limit the UE assumption on whether UE expects inconsistent L1 based indication during the validity time duration.

On number of configured TRS resource set
In the below agreement, it is still FFS whether the number of configured TRS resource set should be limited by ssb-PositionsInBurst in SIB1.
	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 our understanding, the FFS bullet is not so clear. 
· It potentially implies an intention that for each SSB beam index configured in ssb-PositionsInBurst, only one TRS resource set is configured. 
· Or if more than one TRS resource set are allowed to be configured QCLed with an SSB index, the totally number of TRS resource set can still meet the condition in the FFS bullet. But just for some SSB index, there is no TRS resource set configured. 
In our opinion, as the TRS is shared from RRC CONNECTED mode UEs, how many TRS resource is configured to QCLed with an SSB index is up to gNB implementation. With the maximum number of TRS resource sets already defined, the system works fine.
Proposal 7: The maximum number of configured TRS resource sets is 64 and no need to limit by the number of actual transmitted SSBs in ssb-PositionsInBurst.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Confirm the working assumption that if TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.  
Proposal 2: To extend the current agreement to support unavailability indication by the following:
· For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability and unavailability information for configured RS resources using a bitmap, where each bit indicates whether associated TRS resource(s) are available or not by ‘1’ and ‘0’.
Proposal 3: To monitor the PEI-based L1 indication is up to UE implementation
Proposal 4: No need to specify the availability indication is transmitted only once during the validity duration.
Proposal 5: For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support applicable values: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512}.
Proposal 6: No need to limit the UE assumption on whether UE expects inconsistent L1 based indication during the validity time duration.
Proposal 7: The maximum number of configured TRS resource sets is 64 and no need to limit by the number of actual transmitted SSBs in ssb-PositionsInBurst.
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Appendix

Agreements achieved in RAN1#107-e meeting


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


Agreement
For L1 availability indication using a bitmap, the following is supported:
· Number of bits in the bitmap, N, is up to 6 bits 
· a bit is associated with a group of TRS resource sets. The associated TRS resource sets for each bit can be based on 
· explicit configuration of TRS resource set group, where 
· each TRS resource set is configured with a ID i, with value from {0, …, N-1}, for the association with an indication bit in TRS availability indication field.
· the ith bit maps to all the TRS resource set(s) associated with ID i. 
· start of the bitmap is the first bit of the reserved bits in paging PDCCH 
· Note: It is left to RAN2 decision on whether explicit parameter is used for N or it can be implicitly determined by the TRS resource set configurations.

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 
Note: Qualcomm and Huawei have concern with above agreement


Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s).

Agreement
The following working assumption is confirmed
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.




Agreements achieved in RAN1#106bis-e meeting

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.
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