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Introduction
In RAN1#105-e meeting, the following was agreed for UE power saving on configuration of TRS/CSI-RS occasions for idle/inactive UEs[1]. 

Agreement:
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
 
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources
 
Agreement:
Support applicable values for the following configuration parameters as below.
· powerControlOffsetSS: {-3, 0, 3, 6}dB
· scramblingID: 0 to 1023
· firstOFDMSymbolInTimeDomain: 0 to 9 
· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
· startingRB: 0 to 274
· nrofRBs: 24 to 276
  
Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

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.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB

Agreement:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB
· FFS Configuration index
· details, 
· E.g. Per resource or resource set or group of resource sets
· E.g. explicit or implicit indication based on QCL source 

Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
· FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously

In this contribution, TRS/CRS configuration details for paging enhancement for UE in RRC-Idle/Inactive mode are discussed. 

Discussion

Potential TRS/CSI-RS occasion(s) for paging enhancement

TRS/CSI-RS configuration
· Higher layer signaling 

[bookmark: _Hlk61696372]The legacy TRS/CRS-RS resource/resource set configuration based on RRC signaling for RRC_CONNECTED mode UE can be considered as the framework of signaling in the SIB design  for the configuration of TRS/CSI-RS occasion(s) for RRC IDLE/Inactive mode UE(s). Legacy TRS/CRS-RS resource/resource set configuration procedure/parameters details are shown in Figure 1. We can see from Figure 1 that roughly ten bytes are required for each NZP-CSI-RS Resource configuration. Considering that one TRS Resource set contains 4 NZP-CSI-RS Resources per beam for FR1, the required signaling overhead for maximum 64 beams is significantly higher than the maximum size of SIB1 or SI message of 2976 bits as specified in TS38.331 [2]. Therefore, TRS/CSI-RS configuration with potential large size of signaling may need to be configured at another standalone SIB-X with the present of SIB X indicated by SIB1.    

Observation 1: TRS/CSI-RS configuration with potential large size of signaling may need to be configured at another standalone SIB-X with the present of SIB-X indicated by SIB1.
  
Proposal 1: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.



Figure 1:  Example of TRS/CRS-RS resources/resource sets configuration

· TRS/CSI-RS resource configuration in Time domain  

Two candidates can be utilized to configure TRS/CRS-RS occasions for paging reception using SIB.
· Option1: TRS/CSI-RS resources are configured with SI without association relation with paging occasion(s)
· Option 2:TRS/CSI-RS resources  are associated with the paging occasion(s) 

For option1, if  one or multiple TRS/CSI-RS resources/ resource sets can be configured with SIB signaling which TRS/CSI-RS resource configuration usually at least contains the parameters of TRS/CSI-RS pattern, resource mapping, gold sequence scrambling ID, multi-beam QCL information and other information. The payload size of TRS/CSI-RS resource configuration will create a huge SIB overhead as shown in Figure 1. gNB can configure the TRS/CSI-RS occasions  for the CONNECTED mode UE to the IDLE/inactive UEs.  Once such TRS/CSI-RS resource is no longer used by CONNECTED mode UE, gNB needs to reconfigure TRS/CSI-RS resource using update of the system information by paging all IDLE/Inactive mode UEs. UE will read system information block update to acquire new TRS/CSI-RS resource configuration information which will reduce power saving gain of TRS/CSI-RS occasion(s).  Furthermore, when TRS occasion(s) are configured without association to the PO(s), e.g., TRS/CSI-RS can be configured far behind PO boundary, UE could not use such TRS/CSI-RS configuration for channel tracking which will degrade UE power saving gain significantly.  

Observation 2: When CSI-RS resources are configured by SI without association with the paging occasion(s), UE might not use the TRS for channel tracking to achieve the UE power saving gain.

TRS/CSI-RS would be configured for all IDLE/Inactive UEs since the network cannot pin the exact UE camping cell within the registration area.  Since a set of TRS/CSI-RS resource is configured for all IDLE/Inactive UEs, the same set of TRS/CSI-RS resource could be UE-specifically configured for CONNECTED mode UEs since the TRS/CSI-RS resource is used for channel tracking of each beam in the cell for both CONNECTED and IDLE/Inactive UEs. The configuration of TRS/CSI-RS resource should be a steady resource configuration to be used by all CONNECTED mode UEs for channel tracking and beam management when UE is under the coverage of a given beam. The TRS/CSI-RS resource would be configured persistently as long as there are UEs under the beam coverage.   The same TRS/CSI-RS resource would be used by IDLE/Inactive UEs for channel tracking and achieving UE power saving.  Thus, the TRS/CSI-RS resource configured for IDLE/Inactive UEs would be persistently present and shared with CONNECTED mode UEs without dynamic ON/OFF.      

For option2, the TRS/CSI-RS resources are configured and associated with the SSB/paging occasion. As shown in Figure 2, the TRS/CSI-RS could be configured within a window period before paging occasion, which is similar to PS_offset configured for UE to decode DCI format 2_6. TRS/CSI-RS occasion could be configured within the dedicated gap between SSB and paging occasion. The configuration of TRS/CSI-RS resource grid for IDLE/Inactive UEs in SIB-X could be simplified with reduced number of parameters to reduce, signaling overhead.  
For TRS/CSI-RS resource used by CONNECTED mode UE, it is the choice of the network implementation to configure such TRS/CSI-RS resource used for both IDLE and CONNECTED mode UE. Since UE starts with IDLE mode first, a specific configuration of TRS/CSI-RS could help IDLE mode UE to reduce the power consumption. Once UE enters CONNECTED mode, gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE. It implies that a set of TRS/CSI-RS resource are always transmitted for IDLE mode UEs and could be used by CONNECTED mode UEs.  Furthermore, considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle and without transmission of PEI, TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted which is gNB’s implementation, TRS/CSI-RS bundled with SSB/paging occasion should not be considered as always on signal. Considering that option 2 has lower specification efforts and higher UE power saving gain that option 1, TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s).



Figure 2: TRS/CSI-RS occasion is associated with PO/SSB

Observation 3: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signaling overhead.

Observation 4: gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE.
Observation 5: Considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle, TRS/CSI-RS bundled with SSB/paging occasion should not be considered as always on signal. 
Proposal 2: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s) to achieve good power saving gain with low SIB signaling overhead.

· TCI state configuration

In RAN1#105-e, the QCL assumption of TRS/CSI-RS occasion(s) for IDLE/Inactive UEs was agreed to be indicated as SSB index by higher layer as follows,

Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

It was agreed in RAN1#104-e that multiple RS resources can be configured for TRS/CSI-RS occasion(s) for IDLE/Inactive UEs.  While paging information is transmitted in multiple beams, multiple TRS resources configuration with one TRS/CSI-RS resource associated with one beam is needed to achieve the UE power saving. In TRS/CSI-RS configuration structure, TCI state is configured per CSI-RS resource set to support the CONNECTED mode UE with dynamic beamforming operation. Once UE is configured with the TRS resource set for channel tracking, one TRS resource set includes two CSI-RS resources in a slot or four CSI-RS resources in two consecutive slots will be configured with same TCI state. Furthermore, multiple TRS resources with same TCI state configured for different connected UEs could be provided to IDLE/Inactive mode UE for AGC/channel tracking performance improvement of IDLE/Inactive UEs. Up to 64 CSI-RS resources can be configured for one TRS/CSI-RS resources set as in TS38.331 [2]. Compared with configuration of TCI state per CSI-RS resource, one CSI-RS/TRS resource set/CSI-Resource configuration can be configured with one TCI state which can reduce unnecessary signaling overhead significantly.

Observation 6: Compared with configuration of TCI state per CSI-RS resource, one TRS resource set can be configured with one TCI state which can reduce unnecessary signaling overhead.
Proposal 3: QCL information configuration of TRS for idle/inactive UE should be configured at least per CSI-RS resource set. 

QCL information contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). For TRS/CSI-RS occasion(s) configured for idle/inactive mode UE, SSB is only QCL source available and corresponding QCL type is still FFS. As specified in TS38.214 [3], for a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition
When QCL source of TRS is SS/PBCH block, NR only support 'QCL-TypeC' and 'QCL-TypeD'. Therefore, for TRS/CSI-RS occasion(s) configured for idle/inactive mode, UE shall expect that a TCI-State indicates QCL-Type C and QCL-Type D with SS/PBCH block.

Proposal 4: For TRS/CSI-RS occasion(s) configured for idle/inactive mode, UE shall expect that a TCI-State indicates QCL-Type C and QCL-Type D with SS/PBCH block. 

· TRS/CSI-RS occasion(s) configuration procedure
It was agreed in RAN1#102-e [4] that TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported. If TRS/CSI-RS resources associated with the paging occasion(s), an example of periodic TRS/CSI-RS configuration procedure is shown as follows,
Periodic TRS/CSI-RS occasion(s) configuration procedure:
Step1) predefined parameters of TRS/CSI-RS resource grid 
Step 2) SIB indicates parameters details, including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB;
· Code points/bitmap mapping of availability/not availability for a given TRS resources (see section 2.1.2).
Step 3)To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2   
The following two alternatives can be considered to support periodic TRS/CSI-RS configuration.
· Alt. 1: TRS/CSI-RS occasion(s) corresponding to single periodic TRS CSI-RS resource/ resource set 
According to TS 38.304 [5], SFN for the Paging Frame (PF) is determined by paging cycle T and total paging frames number N={T, T/2, T/4, T/8, T/16} in T configured by NAS control signaling [6], where N is the function of T. PF frames corresponding to UEs configured with different paging cycles can be aligned in time domain as shown in Figure 3. Similar to derivation of SFN for the PF, gNB can configure TRS_offset including in the SIB X configured for TRS/CSI-RS resources UE can derive the radio frame for TRS/CSI-RS occasion using the following formula
(SFN + TRS_offset) mod T = (T / N)*(UE_ID mod N)
 Although the paging cycle is UE specific, TRS/CSI-RS occasion corresponds to one cell specific periodic TRS/CSI-RS resource/ resource set from gNB perspective.


Figure 3: TRS/CSI-RS occasion(s) corresponding to single periodic TRS/CSI-RS resource/ resource set

· Alt. 2: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets
gNB also can configure multiple periodic TRS/CSI-RS resources/ resource sets to associate with the paging occasion(s). As shown in Figure 4, gNB can configure Ns TRS_offset for each TRS/CSI-RS resource corresponding to one PO of target paging frame, where Ns is the number of paging occasions in a  PF. From gNB perspective, TRS/CSI-RS occasion(s) correspond to multiple periodic TRS/CSI-RS resources/ resource sets, which provides more flexibility in configuration than that of Alt. 1. 


Figure 4: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets

Proposal 5: The following procedure can be used for TRS/CSI-RS occasion(s) configuration:
Step1) predefined parameters of TRS/CSI-RS resource grid;
Step 2) SIB indicate parameters details; including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB;
· Code points mapping of availability/not availability for a given TRS resources.
Step 3) To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2.

Availability indication
It was agreed in RAN1 #105-e that support of at least L1 based signaling and further study supporting SIB based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.  L1 and SIB based signalling design details are discussed in this section.
SIB based signaling

The common understanding of SIB based signaling agreed in RAN1#104b-e is that existing SI update procedure is used for SIB based signaling.  The SIB-based signaling is the backbone of the TRS/CSI-RS configuration and availability indication.   It was agreed in RAN1#103 that SIB signalling (SIB-X) provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).  The SIB-based signaling for TRS/CSI-RS availability indication is based on the presence/absence of the SIB-X when UE retrieve the system information.   Once the configuration of the TRS/CSI-RS occasion is retrieved by IDLE/Inactive UEs in a given cells, UE would assume TRS/CSI-RS resource would be available persistently until UE is indicated by the SI update, which the SIB-X is not present in the system information.     Compared with L1 signaling mechanism, SIB based availability indication of TRS/CSI-RS at the configured occasion(s) for IDLE/Inactive mode UE can provide affirmative resource availability.   If IDLE/Inactive UE can decode the SIB-X and get the configuration and TRS/CSI-RS resource information, UE could use the TRS/CSI-RS resource before PO without any additional overhead. If UE moves to a new cell, UE would read SIB-X to retrieve the information of TRS/CSI-RS resource of new cell. If SIB-X present at the new cell, UE could assume TRS/CSI-RS is available all the time. If gNB decides not to transmit the TRS/CSI-RS for IDLE/Inactive UEs, gNB can send the paging indication to the specific cell only for system information change on the TRS/CSI-RS availability.  There is no additional overhead.  

Observation 7: Compared with L1 signaling, SIB based availability indication of TRS/CSI-RS at a given cell for IDLE/Inactive mode UE can provide affirmative TRS/CSI-RS resource availability to achieve UE power saving gain and no additional signaling overhead.
The configuration of TRS/CSI-RS resource is included in SIB-X.  If SIB-X of TRS/CSI-RS for IDLE/Inactive UEs is present, UE should assume TRS/CSI-RS is available for IDLE/Inactive mode UE in the serving cell.  Procedure of SIB based availability indication of TRS/CSI-RS is as follows.
· TRS/CSI-RS resource is configured by SIB-X 
· If SIB-X is present, 
· IDLE/Inactive UE would assume the present of TRS/CSI-RS resources for the subsequent paging occasions 
· UE would assume the TRS/CSI-RS based on the location of TRS/CSI-RS resource for AGC tuning, channel tracking and RSRP measurements 
· For explicitly indication of radio frame and the associated offset, TRS/CSI-RS location is included in the SIB-X for all UEs.  
· For implicitly indication for each UE, TRS/CSI-RS location is derived based on UE ID, SFN, and PF_offset in a formula similar to the PO formula 
· Otherwise 
· IDLE/Inactive UE would assume TRS/CSI-RS resources are not available.
If gNB would like to remove the TRS/CSI-RS resources for IDLE/Inactive UE, gNB can depopulate the SIB-X and send the paging information to all UEs for the system information update. IDLE/Inactive UE could also assume the availability of TRS/CSI-RS resource if the SIB-X for TRS/CSI-RS configuration populates in the system information without any blind decoding.   Upon receiving a SI change notification during a modification period for DRX/eDRX, the UE acquires the new SI immediately from the start of the next modification period. If SIB1 does not schedule SIB-X, UE will assume that there is no TRS/CSI-RS transmission at the configured occasion(s). Whether or not idle/inactive UE needs to read SIB other than SIB-X depends on valueTag contained in the si-SchedulingInfo in SIB1. If valueTag associated with the SIB is not changed compared with previous version, UE can use a valid stored version of the SIB without the need of reading unnecessary SIB information as specified in TS38.331 [2]. 

Proposal 6: The availability of TRS/CSI-RS at a given cell should be indicated to the UE by SIB-based signaling, which is indicated by the presence/absence of TRS/CSI-RS configuration in the SIB-X.

L1 based signaling 
· Validity time
In RAN1#105-e, validity time of TRS/CSI-RS resources configured for IDLE/Inactive UEs indicated by L1 based signaling for the availability indication was discussed.   The valid time of TRS/CSI-RS resource is used to restricted the UE’s assumption on the availability of TRS/CSI-RS resources only within a valid time interval.  A timer would be configured for the valid time interval of TRS/CSI-RS resource. The consideration of TRS/CSI-RS resource validity interval is to prevent the miss-detection of L1-based timer. However, the restriction of TRS/CSI-RS resource availability time interval would be harmful to the UE power saving performance.  
Power saving gain with different valid time interval of TRS/CSI-RS resource is evaluated for idle/inactive UE, as shown in Figure 5. TRS is only transmitted within the time interval with average paging rate=0.1, DRX cycle=1.28s. We can see L1 based signaling of availability indication with validity timer will degrade UE power saving gain significantly, e.g., with validity timer of 10 DRX cycle, 38% of UE power saving gain degradation is observed comparing with persistent TRS transmission without validity timer.  Therefore, validity timer with small interval will seriously degrade power saving gain but large validity timer will provide additional system overhead from viewpoint of gNB. Therefore, UE should assume an availability indication is always valid before receiving new availability indication.
[image: ]
Figure 5: Power saving gain with different validity timer 
Proposal 7: UE should assume an availability indication is always valid before receiving new availability indication.

· Signaling type

Whether or not both paging DCI and PEI are supported for availability indication was heavily discussed in RAN1#105-e meeting. For paging DCI indication, the consensus is that it should be supported at least for the case when PEI is not configured. 
Proposal 8: Paging DCI based availability indication should be supported at least for the case when PEI is not configured. 
When PEI is configured, the power saving gain should be evaluated for TRS/CSI-RS availability indication carried by PEI or paging DCI.  UE is required to decode the PEI before each paging occasion regardless there is a paging or not.   UE would only decode the paging DCI when it is indicated by the PEI to decode and retrieve the paging information.   The availability indication of TRS/CSI-RS resource would be the main factor in achieving IDLE/Inactive UE power saving which the UE power saving gain would be optimized when TRS/CSI-RS is persistently available. The availability indication carried by PEI or paging DCI should not affect much of UE power saving gain.  UE Power saving gains for PEI and paging DCI carrying TRS availability indication are evaluated below. In the simulation, DCI based PEI is considered in the evaluation with corresponding procedure of TRS/CSI-RS assisted DCI-based paging indication please refer to our contribution [7]. It is assumed that TRS availability probability is 50% and the gNB needs to wake up all UEs using PEI to receive the paging message for acquiring TRS availability indication in case when the TRS availability information changes. UE will assume that TRS/CSI-RS resource availability indication by PEI/paging DCI is persistently valid before receiving new availability indication.  Figure 6 shows the UE power saving gain performance of TRS/CSI-RS resource availability indication by PEI over that by paging DCI with different paging rates and number of paging subgroups.  We can see from Figure 6 that only negligible UE power saving gains is achieved for PEI based availability indication over that of paging DCI. The reason is that when the PEI is configured, the UE power saving gain mainly provided by PEI. For average paging rate = 0.1, the probability of waking up all UEs with PEI to receive unnecessary paging DCI is very low.    For higher paging rate, UE has high probability to avoid unnecessary UE wake up, which causes marginable UE power saving loss for availability indication carried by paging DCI.
Observation 8: PEI based availability indication has a negligible UE power saving gain over that of paging DCI.
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Figure 6: Power saving gain of PEI over paging DCI 

· Indication content

It was agreed in RAN1 #105-e meeting that support of a physical layer availability/unavailability indication information for configured RS resources using a bitmap or codepoint but whether availability/unavailability information is for all or some of configured RS resources is FFS.
One paging occasion is configured at each SSB in a multi-beam cell as in TS38.304 [5]. In order to achieve UE power saving in a multi-beam cell, one TRS/CSI-RS resource needs to be configured at each beam.   Since TRS/CSI-RS resources are FDM/TDM’d between different beams within a cell, TRS/CSI-RS resources for all beams need to be configured together in the SIB-X with each beam having QCL assumption associated with the SSB ID in a cell.    If one beam is NOT and the other beams are configured with TRS/CSI-RS resource, UE would not be able to assume the present of TRS/CSI-RS since UE does not know which beam UE is under coverage (a given SSI ID) after long deep sleep due to UE mobility. All TRS/CSI-RS resources within a cell should be configured and available/ unavailable for all beams together. The subset of TRS/CSI-RS resources for the selected beams cannot help UE achieving power saving. Thus, the availability indication should be one bit or one code point to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.

TRS/SSS based PEI can be used for the Paging indication as well as the RS for front-end processing, such as AGC, T/F channel tracking operation. Sequence based PEI can also be used for availability indication of TRS/CSI-RS based on the code point from the TRS-based PEI. The mapping of CSI-RS resources and code point values for the configured CSI-RS resources can be included in SIB-X. Code points mapping of availability/not availability for the set of TRS resources can be provided by orthogonal cover code or different sequences with details in [8]. E.g., orthogonal cover code can be used for indication of availability of full set of TRS resources. Different sequences corresponding to different code points can be utilized for indication of availability of configured CSI-RS resource. 
Observation 9: Sequence based PEI can also be used for indication of availability for a given set of TRS resources.
Proposal 9: The availability indication should be one bit or one code point to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.

· L1 based signaling configuration

When L1 signaling is supported for availability indication of TRS/CSI-RS resources, the extra overhead of L1 signaling would be present all the time even network would have the TRS/CSI-RS resources available all the time for the UE.  This would increase the resource overhead and UE complexity in decoding the L1 signaling all the time. Thus, it would be more efficient to have mechanism controlled by the network to enable/disable the L1 signaling of available indication of the configured TRS/CSI-RS resources for IDLE/Inactive UEs. The most straight forward way of enable/disable the L1 signaling of TRS/CSI-RS availability indication is to include 1 bit enable/disable parameter together with the TRS/CSI-RS resource configuration in SIB-X. If the parameters enable/disable L1 signaling for TRS/CSI-RS resource availability indication is shown “disable” in SIB-X, UE would assume the TRS/CSI-RS resource is available all the time. gNB does not need to include the L1 signaling for the control TRS/CSI-RS resource availability.  UE does not to decode the L1 signaling for the TRS/CSI-RS resource availability indication when it is available all the time.   

Proposal 10: An 1-bit explicit indication of enable/disable L1 signaling for TRS/CSI-RS availability indication can be configured together with TRS/CSI-RS resource configuration in SIB-X.  

Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following observations and proposals:
Observation 1: TRS/CSI-RS configuration with potential large size of signaling may need to be configured at another standalone SIB-X with the present of SIB-X indicated by SIB1.
Observation 2: When CSI-RS resources are configured by SI without association with the paging occasion(s), UE might not use the TRS for channel tracking to achieve the UE power saving gain.
Observation 3: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signaling overhead.
Observation 4: gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE.
Observation 5: Considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle, TRS/CSI-RS bundled with SSB/paging occasion should not be considered as always on signal. 
Observation 6: Compared with configuration of TCI state per CSI-RS resource, one TRS resource set can be configured with one TCI state which can reduce unnecessary signaling overhead.
Observation 7: Compared with L1 signaling, SIB based availability indication of TRS/CSI-RS at a given cell for IDLE/Inactive mode UE can provide affirmative TRS/CSI-RS resource availability to achieve UE power saving gain and no additional signaling overhead.
Observation 8: PEI based availability indication has a negligible UE power saving gain over that of paging DCI.
Observation 9: Sequence based PEI can also be used for indication of availability for a given set of TRS resources.

Proposal 1: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.
Proposal 2: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s) to achieve good power saving gain with low SIB signaling overhead.
Proposal 3: QCL information configuration of TRS for idle/inactive UE should be configured at least per CSI-RS resource set. 
Proposal 4: For TRS/CSI-RS occasion(s) configured for idle/inactive mode, UE shall expect that a TCI-State indicates QCL-Type C and QCL-Type D with SS/PBCH block. 
Proposal 5: The following procedure can be used for TRS/CSI-RS occasion(s) configuration:
Step1) predefined parameters of TRS/CSI-RS resource grid;
Step 2) SIB indicate parameters details; including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB;
· Code points mapping of availability/not availability for a given TRS resources.
Step 3) To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2.
Proposal 6: The availability of TRS/CSI-RS at a given cell should be indicated to the UE by SIB-based signaling, which is indicated by the presence/absence of TRS/CSI-RS configuration in the SIB-X.
Proposal 7: UE should assume an availability indication is always valid before receiving new availability indication.
Proposal 8: Paging DCI based availability indication should be supported at least for the case when PEI is not configured.
Proposal 9: The availability indication should be one bit or one code point to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.
Proposal 10: An 1-bit explicit indication of enable/disable L1 signaling for TRS/CSI-RS availability indication can be configured together with TRS/CSI-RS resource configuration in SIB-X.  
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