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1 Introduction
In RAN1#106bis e-meeting [1], the following were agreed:
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.

This contribution discusses remaining issues for supporting TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs. 

2 Availability Indication for TRS resources to idle/inactive UEs
2.1 Signaling method
The following agreements were agreed regarding the signalling method of availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 

	From RAN1#105-e:
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.
· FFS whether and how to enable/disable L1 based availability indication configurable by SIB

From RAN1#106bis-e:
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. 




For the first working assumption regarding paging PDCCH based availability indication and PEI based availability indication, we think paging PDCCH based availability indication can be confirmed without any problem. We already made progress for paging PDCCH based availability indication, including multi-beam operation, and validity time duration. However, we still have concerns for PEI based availability indication. 

PEI is a new feature to be supported in Rel-17 and may not be supported by UEs or configured by gNB, it’s necessary to support at least paging PDCCH based availability indication. Compared with paging PDCCH based indication, we think there

The first concern for PEI based availability indication is limited gain but duplicated specification efforts. Compared with paging PDCCH based signalling, UE may be able to achieve higher power saving gain if gNB wants to transmit availability indication but no UE is paged. In this scenario, UE only needs to receive PEI but not paging PDCCH to get the availability indication. However, if the availability indication is transmitted by gNB, meanwhile there is coming paging message for some UEs. The gNB will transmit PEI to indicate paging PDCCH reception. So, UE has to wake up for both PEI reception and paging PDCCH reception. In this case, there is no need for PEI based signalling for availability indication. We expect the power saving gain for PEI based availability indication in addition to paging PDCCH based availability indication is limited given the fact that the availability indication doesn’t have to be updated frequently. TRS resources may be on/off frequently from a UE perspective in connected mode, but the TRS resources can be shared by multiple UEs from gNB perspective. As long as there is one connected UE still needs or will needs the TRS resources, gNB doesn’t needs to turn it off. Also, gNB can configure the validity time for the L1 availability indication. The availability information will be expired automatically without any L1 signalling. To conclude, gNB has high flexibility to transmit the availability indication at a low rate to balance the resource overhead and UE power saving gain. 

Observation 1: The additional power saving gain for PEI based availability indication compared with paging PDCCH based availability indication is limited given the fact that gNB doesn’t expect to transmit the availability indication frequently for idle/inactive UEs.

According to the discussion in last RAN1 meeting as summarized in [2], the views regarding common design for paging PDCCH based availability indication or PEI based availability signalling are quite divergent. There is no consensus for any of the following design aspects:
· bitmap/codepoint mapping in corresponding DCI field, and DCI field size
· valid time duration, including reference point and the time duration. 
· if L1 availability indication is enabled, whether it should be provided in both PEI (if configured) and in paging DCI
Given the fact that this is the last meeting for Rel-17, we don’t have time to duplicate the work for optimization or features nice to have. So, the design aspects specific to PEI-based availability indication should be deprioritized. 

Observation 2: If no consensus on the same design mechanism/principle for PEI based availability indication and paging PDCCH based availability indication, large duplicated spec efforts are expected to support the two L1 based signalling methods. 

In addition, the reliability of PEI based PDCCH is another concern to support the additional function of availability indication. It’s necessary to keep a small payload size for PDCCH based PEI in order to achieve the target power saving gain of PEI. The miss detection rate for PEI should be lower than paging PDCCH, i.e. 10^-3 vs 10^-2. It was agreed that a PEI can be used for up to 8 UE subgroups per PO and up to 4 POs. Thus the payload size for PEI can be up to 32 bits, which is close to the payload size of paging PDCCH, i.e. 40bits.  The capacity of DCI format for PEI is full, and no room for other functionality

Observation 3: UE may not be able to achieve target reliability for the PDCCH based PEI due to the increased payload size if the PDCCH is further used for providing availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 

Lastly, we prefer to keep the same UE behaviour for all cell-specific indication for idle/inactive UEs for the benefit of low UE complexity. The availability indication for TRS/CSI-RS resources is just one type of cell-specific information UE may receive in idle/inactive mode. NR already have the mechanism to provide cell-specific information, such as SI modification or ETWS notification, to idle/inactive UEs. Due to the time limitation, it’s better reuse the existing mechanism, i.e. based on paging PDCCH, and support consistent/simple UE behaviour/implementation for receiving cell-specific information in idle/inactive mode.

Based on the above discussion, we think paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs is sufficient. We propose to deprioritize PEI based availability indication. 

Proposal 1: Confirm to support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 2: Deprioritize PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 

For the second working assumption, it’s needed as we concluded no intention to support SIB based availability indication. 

Proposal 3: Confirm the following working assumption
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.


2.2 Indication Content
	From RAN1#106bis-e:
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




According to the agreement in RAN1#106bis, there are at least the following remaining issues to complete the indication content for the L1 based availability indication.
· Bit mapping, i.e. determine associated TRS resource(s) per bit for the bitmap in DCI field
· Bitmap size and DCI field configuration
· Whether to support indication of unavailability

For the bit mapping, the reserved bits in paging PDCCH is up to 8 bits for shared spectrum channel access and 6 bits for unshared spectrum channel access. However, a gNB can configure a large number of TRS resources sets for multi-beam operation. For example, the number of TRS resources sets can be up to 64 in FR2. Therefore, a bit can be mapped to N>=1 TRS resource sets, where the value of N can be determined based on the size of the bitmap,  , and the number of configured TRS resource sets, ,  such that a bit can be associated with up to  TRS resources sets, where the (i+1)th bit is associated with ( +1)th TRS resource sets to ()th TRS resource sets. 

Proposal 4: A bit in DCI field for TRS availability indication is associated with N>=1 TRS resource set, where 
· N can be determined based on on the size of the DCI field,  , and the number of configured TRS resource sets, ,
· the (i+1)th bit is associated with ( +1)th TRS resource sets to ()th TRS resource sets if configured.

For the bitmap size, it can be up to 6 as there are only 6 reserved bits in paging PDCCH for unshared spectrum channel. The value for can be fixed to avoid additional configuration overhead, such that min(6, ). Alternatively,  can be provided to UE by higher layer parameter in SIB, where  can be any value from 1 to 6. We prefer the latter case, as it provides more flexibility to NW configuration.  gNB may only configure 1 bit when all TRS resources have similar availability status. For example, gNB may expect the all TRS resources are available for next N DRX cycles when there are many connected UEs in each beam direction associated with one or more TRS resource sets. 

Proposal 5: The size of DCI field for TRS availability indication,   can be configured by SIB with applicable values of 1 to 6. 


2.3 Determination of valid duration

	From RAN1#106bis-e:

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 RAN1#106bis [1], it was agreed to support a validity time duration configured by higher layer for paging PDCCH based availability indication. One remaining issue is to determine the applicable values for the time duration. The applicable value can be configured in a time unit, such as one DRX cycle, one millisecond, or one radio frame. We prefer applicable value to be a number of DRX cycles so that the availability information is common to all UEs in the serving cell. All UEs get the same length of validity duration regardless of the location of PO. 

Proposal 6: Support the applicable values for the validity duration be to a number of DRX cycle for paging. 

For the reference point for start of the validity duration, we support Alt2, i.e. SFN of the first PF from the current DRX cycle where UE receives the indication. As illustrated in Figure 1, the L1 availability indication can indicate a valid reception duration for TRS resources starting from current DRX cycle and lasting for N>1 DRX cycles. UE can utilize any of the available TRS resources according to its needs. The TRS resources can be utilized for synchronization/AGC for any PDCCH/PDSCH reception in a DRX cycle within the validity duration. For example, the UE can utilize the TRS resources for PDCCH based PEI. For another example, UE can utilize the TRS resources for paging PDSCH when UE is paged.  


Figure 1: Illustration of valid reception window based on validity time of an availability indication configured by higher layer.

Proposal 7: For the reference point for the start of the validity duration, support Alt 2, i.e. SFN of the first PF from the current DRX cycle where UE receives the indication.

When UE receives a L1 availability indication, the UE should assume the availability information doesn’t change during the corresponding validity duration. However, UE may still receive the paging PDCCCH during an on-going validity duration for a L1 availability indication received in previous DRX cycle. To avoid ambiguity among gNB and UE regarding the start and end of any L1 availability indication, gNB should avoid transmitting any inconsistent L1 based indication during an on-going validity duration. To avoid inconsistent L1 based indication during a validity duration for the last L1 availability indication gNB transmitted, gNB can transmit all “0” bits in the TRS availability indication field when gNB needs to page UE during the validity duration. Since UE only expects to receive avaiablity information indicated by “1” from the L1 signaling, the UE can ignore the TRS availability indication field when it includes “0”s for the entire bitmap. 

Proposal 8: UE doesn’t expect inconsistent L1 based indication during a validity duration for a L1 availability indication, such that UE can ignore the TRS availability indication field received during the validity duration with a bitmap of all “0”s.   

When the time is not configured, we support Alt3, where a default valid time duration can be considered. In this case, gNB can avoid L1 signalling to end the availability information. The default valid time duration can be a number of DRX cycle for paging, such as 2 DRX cycles. 

Proposal 9: When the time duration is not configured, support a default time duration of N>1 DRX cycles. 


3 Configurations of TRS resources to idle/inactive UEs
3.1 Configuration structure

	From RAN1#106bis-e:

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.




According to the agreement in RAN1#106bis-e, a configuration of TRS resources to idle/inactive UEs can be a list of TRS resource sets, where each TRS resource set consists of TRS resource in one or two consecutive slots. The remaining issue is to clarify the configuration parameters needed to support the agreed configuration structure, and the maximum number of TRS resource sets and maximum number of TRS resources per TRS resource set can be supported. 

For the number of TRS resources per TRS resource set, it can be up to 4 as the configuration only supports two CSI-RS symbols per slot across up to 2 slots. For the number of TRS resource sets, it can be determined based on the number of beams. Since the QCL reference is only SSB, the number of TRS resource sets can be same as the number of transmitted SSBs in the serving cell. 

Proposal 10: Support a SIB based configuration parameter of TRS-ResourceConfig, where
· the TRS-ResourceConfig consists of up to X TRS resource set(s), and each TRS resource set is configured by TRS-ResourceSet, 
· a TRS-ResourceSet consists of up to Y NZP CSI-RS resources, and each NZP CSI-RS resource is configured by TRS-Resource, 
· X is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1,
· Y = 4. 


3.2 Other configuration parameters
[bookmark: _GoBack]There were some discussion about whether need a configuration parameter in terms of number of slots for the configuration of TRS resources for idle/inactive UEs in previous meetings.  According to the specification in section 5.1.6.1.1 CSI-RS for tracking of TS 38.214 below, the time domain configuration over two consecutive slots is supported based on number of RS resources. The same restriction can be considered for the TRS resources to idle/inactive UEs without explicit configure the number of slots. 

	From 5.1.6.1.1 of TS 38.214:
Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZPCSI-RS-Resource with the following restrictions: 
- the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSIRS-resourceMapping, is given by one of
- l 4,8, l 5,9, or l 6,10 for frequency range 1 and frequency range 2, - l 0,4, - l 1,5, l 2,6, l 3,7, l 7,11, l 8,12 or l 9,13 for frequency range 2.




Observation 4: According to the restriction supported in 5.1.6.1.1 of TS 38.214, number of slots configured can be implicated indicated by the number of RS resources per resource set.

4 Others	
Dynamic resources sharing or multiplexing with legacy signal/channel is an important performance aspect to consider for the TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs. Similar as periodic/semi-persistent CSI-RS resources in connected mode, semi-static rate matching can be supported for dynamic resources sharing with legacy PDSCH for both connected UEs or idle UEs. 

Proposal 11: Support semi-static rate matching for available TRS resources to idle/inactive UEs. 


5 Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. Following proposals and observation were made:

Observation 1: The additional power saving gain for PEI based availability indication compared with paging PDCCH based availability indication is limited given the fact that gNB doesn’t expect to transmit the availability indication frequently for idle/inactive UEs.

Observation 2: If no consensus on the same design mechanism/principle for PEI based availability indication and paging PDCCH based availability indication, large duplicated spec efforts are expected to support the two L1 based signalling methods. 

Observation 3: UE may not be able to achieve target reliability for the PDCCH based PEI due to the increased payload size if the PDCCH is further used for providing availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 

Proposal 1: Confirm to support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 2: Deprioritize PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 

Proposal 3: Confirm the following working assumption
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.

Proposal 4: A bit in DCI field for TRS availability indication is associated with N>=1 TRS resource set, where 
· N can be determined based on on the size of the DCI field,  , and the number of configured TRS resource sets, ,
· the (i+1)th bit is associated with ( +1)th TRS resource sets to ()th TRS resource sets if configured.

Proposal 5: The size of DCI field for TRS availability indication,   can be configured by SIB with applicable values of 1 to 6. 

Proposal 6: Support the applicable values for the validity duration be to a number of DRX cycle for paging. 

Proposal 7: For the reference point for the start of the validity duration, support Alt 2, i.e. SFN of the first PF from the current DRX cycle where UE receives the indication.

Proposal 8: UE doesn’t expect inconsistent L1 based indication during a validity duration for a L1 availability indication, such that UE can ignore the TRS availability indication field received during the validity duration with a bitmap of all “0”s.   

Proposal 9: When the time duration is not configured, support a default time duration of N>1 DRX cycles. 

Proposal 10: Support a SIB based configuration parameter of TRS-ResourceConfig, where
· the TRS-ResourceConfig consists of up to X TRS resource set(s), and each TRS resource set is configured by TRS-ResourceSet, 
· a TRS-ResourceSet consists of up to Y NZP CSI-RS resources, and each NZP CSI-RS resource is configured by TRS-Resource, 
· X is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1,
· Y = 4. 

Observation 4: According to the restriction supported in 5.1.6.1.1 of TS 38.214, number of slots configured can be implicated indicated by the number of RS resources per resource set.

Proposal 11: Support semi-static rate matching for available TRS resources to idle/inactive UEs.
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