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Introduction
In RAN1#106bis, good progress has been achieved, the final FL summary summarized the discussion in [1]. In this contribution we strive to address the main open issues.  
Validation of a periodic iTRS occasions

	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




In our opinion, single validation period would be sufficient, there is no need for dynamic indication of a duration (i.e. Alt-1). Such validation duration could be configured in multiples of default paging-cycles and should be SCS agnostic. If validity duration is not configured, RAN2 decides a default value, i.e. Alt 3. 

When it comes to reference point, from a UE point of view, it would be sufficient to know whether one TRS before its next PO is validated or not. However, different UEs may have different (e)DRX cycles and thus this approach would be too complex. Therefore, to us it seems a better solution if validation indication received in current modification period applies to next modification period (i.e. Alt-3), where modification period is the same as validity duration.  

SFN for the PF is determined by: (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N), and for reference time UE should consider that (SFN + PF_offset) mod T = 0, i.e assuming UE_ID=0. In other words, UE determines first PF as UE_ID=0

Finally, if UE does not get any indication for certain modification period, it assumes that there is no IDLE TRS and falls back to legacy paging behaviour. We do not think any further behaviour needs to be defined, because based on RAN guidance “Only Behv-A (per RAN1#104e agreement) is supported”. 

Proposal-1: 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 in units of default DRX paging cycles 
· UE expects to receive consistent indication within the validity duration/modification period in received paging PDCCH(s)
· the reference point for start of the validity duration is one of the following alternatives:
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration (i.e. assuming UE-ID=0), 
· modification period is validity duration
· indication applies to next modification period
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt3: default time duration e.g. default paging cycle (value up to RAN2)
· Conclude that there is no need to define any additional UE behavior to address missed paging PDCCH carrying the L1 availability indication.

For indication in SIB1 the following was agreed
	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. 




We do not see any technical issue with always having L1 indication field present in paging PDCCH or PEI. 

Proposal-2: Confirm the working assumption 
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




Alt1 will clearly reduce the PDCCH overhead and will enable gNB to indicate TRS presence independently per beam.  When considering mobility, if UE wakes-up from DRX and realizes that due to mobility beam/cell is lost, it would not be able to figure out whether TRS are available for a new beam/cell, this being an issue. However if camping cell/beam is lost, anyway UE would need perform re-selection of beam/cell before starting to listen to paging. Therefore, our preference is still to adopt Alt.1 for PEI to minimize overhead.

Proposal-3: In PEI, L1 availability indication at a monitoring occasion provides availability/unavailability information for RS resources, of the subset of iTRS resource set(s), having the same QCL reference as the monitoring occasion.

Regarding design for Paging PDCCH, we believe at most 1 TRS resource set per transmitted SSB would be sufficient. In this case, in FR1 there could be up to 8 SSBs and in FR2 up to 64 SSBs, and corresponding TRS resource sets. Therefore, the maximum bitmap size could be increased to 8bits. In FR1, bits could be mapped to TRS-resource sets one-to-one. In FR2, bits could correspond to SSBs of SSB group max 6bits. In addition, gNB may configure multiple SSBs/TRS to single signaling bit, this configuration flexibility should be supported. 

For PEI, 1bit is present for TRS validation corresponding to SSB QCLed with CORESET#0/MO. In case two SSBs are QCLed to the same CORESET#0/MO, additional bit can be added to PEI to differentiate QCLed-SSBs in SS#0. 

Proposal-4: Support configuration of one TRS resource set per transmitted SSB
· In Paging DCI
· In FR1, max bitmap size is 8bits
· gNB may configure which TRS resource set(s) are mapped to each bit
· In FR2, max bitmap size is 8bits
· gNB may configure which beam group(s) TRS resource sets are mapped to each bit
· In PEI
· 1bit indicates whether TRS resource set QCLed with CORESET/MO where PEI is received is available or not

Configuration of iTRS
	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.



Based on RAN1#106b agreement, majority of parameters are configured per resources-set. For the remaining parameters, we think those could be as well per TRS resource set. Such, TRS resources would not be needed at all, which simplifies the design.
Proposal-5: Only resource-sets are defined for Idle TRS and contain all necessary parameters. 
On trade-off between TRS overhead and UE power consumption
While agreed iTRS periodicities are 20,40,80,160ms. SSB periodicity would be typically 20ms, which is default periodicity assumption for SSB bursts. On one side, gNB would prefer to configure for iTRS large periodicity such as 40,80ms to reduce overhead. On the other hand, if periodicity of TRS is large, this results in unnecessary increased power consumption for the Idle UE. For example, if TRS happen to be e.g. 60ms before paging frame, UE would not benefit from such TRS, since it would need to wake-up from deep sleep at least three SSBs before PO. Therefore, for the case when TRS periodicity is larger than SSB periodicity, RAN1 should consider enabling shift/delay PF from its nominal position (PO R15) to one frame after TRS (PO R17) as shown in Figure 2. This would increase the size of paging groups and group paging rate, but such increased paging rate could be reduced by means of R17 sub-grouping. On the other hand, increased paging rate can also be reduced by shifting/delaying PF of a UE further away from TRS position, if its nominal PF position is right after TRS and the UE is known to be stationary and having good coverage so that it does not need TRS for resynchronization. 

[image: ]
Figure 2 Delaying Paging frame after TRS 
Observation-1: When TRS periodicity is larger than SSB periodicity, UEs with TRS location being far ahead of PF nominal location will have unnecessarily large power consumption.  
Proposal-6: For the case when TRS periodicity is larger than SSB cycle, consider delaying UE’s PF from nominal location to frame after TRS, in order to facilitate power saving. In other words, consider defining separate PF for R17 UEs supporting Idle TRS.
Conclusions 
In this contribution we discussed iTRS design and we had the following observations and proposals: 
Proposal-1: 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 in units of default DRX paging cycles 
· UE expects to receive consistent indication within the validity duration/modification period in received paging PDCCH(s)
· the reference point for start of the validity duration is one of the following alternatives:
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration (i.e. assuming UE-ID=0), 
· modification period is validity duration
· indication applies to next modification period
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt3: default time duration e.g. default paging cycle (value up to RAN2)
· Conclude that there is no need to define any additional UE behavior to address missed paging PDCCH carrying the L1 availability indication.

Proposal-2: Confirm the working assumption 
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration

Proposal-3: In PEI, L1 availability indication at a monitoring occasion provides availability/unavailability information for RS resources, of the subset of iTRS resource set(s), having the same QCL reference as the monitoring occasion.

Proposal-4: Support configuration of one TRS resource set per transmitted SSB
· In Paging DCI
· In FR1, max bitmap size is 8bits
· gNB may configure which TRS resource set(s) are mapped to each bit
· In FR2, max bitmap size is 8bits
· gNB may configure which beam group(s) TRS resource sets are mapped to each bit
· In PEI
· 1bit indicates whether TRS resource set QCLed with CORESET/MO where PEI is received is available or not
Proposal-5: Only resource-sets are defined for Idle TRS and contain all necessary parameters.
Observation-1: When TRS periodicity is larger than SSB periodicity, UEs with TRS location being far ahead of PF nominal location will have unnecessarily large power consumption.  
Proposal-6: For the case when TRS periodicity is larger than SSB cycle, consider delaying UE’s PF from nominal location to frame after TRS, in order to facilitate power saving. In other words, consider defining separate PF for R17 UEs supporting Idle TRS.
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  Introduction   In  RAN1#10 6bis ,  good progress ha s   been achieved, the   final   FL summary summarized the discussion   in  [1] .   In this  contribution we strive to address the main open issues.     
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  Validation  of  a  periodic iTRS occa s ion s    

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 def ault 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    

  In our opinion ,   single  validation period  would  be   sufficient ,   there is  no  need   for   dynamic indicat ion of   a   duration   ( i.e.  Alt - 1) . Such  validation  duration   could be configured in   multiples of   default  paging - cycles   and should   be SCS agnostic .   If validity duration is not configured, RAN2 decides a default value, i.e. Alt 3.      When it comes to reference point, from  a UE   point of view , it would be sufficient to know  whether  one TRS before its  next PO is validated or not. However, different UEs ma y have different  (e) DR X cycle s   and thus this approach would be  to o   complex.  There fore, to us it seems a better solution  if validation  indication  received in  current  modi fication period  applies to  next  modification period  (i.e. Alt - 3 ) ,  where modification pe riod is  the same as validity duration .         SFN for the PF is determined by:   (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N ), and for  reference time UE  should consider that  (SFN + PF_offset) mod T =  0 , i.e assuming   UE_ ID=0 .  In other words , UE  determines fir st PF as  UE _ ID=0     Finally,  if UE does not get  any   indication   for certain  modification period ,   it assumes that  there is no IDLE TRS and falls  back to legacy  paging  behaviour.   We do not think any further behaviour needs to be defined , because  b ased on RAN  guidance   “ Only Behv - A (per RAN1#104e agreement) is supported ” .     

