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Introduction
In RAN1#104-e meeting, the following was agreed for UE power saving on configuration of TRS/CSI-RS occasions for idle/inactive UEs [1]. 

Agreements:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB.
· nrofRBs,
· FFS other parameters
· FFS applicable values

Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 

Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)

Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).

Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.

Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details
· Other alternatives are not precluded

Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.

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

Discussion

Evaluation of power saving gain 

RRC Idle/Inactive-mode UE monitors paging occasion per paging cycle for reception of paging scheduling information and potential system information update indication. As no CRS-like always-on signal in NR system, RRC IDLE/Inactive-mode UE receivers usually need several SSBs to perform AGC, time/frequency channel tracking and estimation before decoding paging DCI. The number of SSB bursts required for channel tracking depends on the SINR of UE decoding SSB signals.  UE does not know its received SINR after a long sleep before the paging occasion.  With default SSB cycle=20ms, UE has to wake up several SSBs before paging reception in preparation of paging detection and decoding, which cause UE power consumption. 
Additional temporary TRS/CSI-RS can reduce the number of SSBs required by UE for preparation of PDCCH decoding at paging occasion and delay the wakeup time. The additional TRS/CSI-RS might provide RRC IDLE/Inactive-mode UE potential power saving gain and even better detection performance. Corresponding power saving gain from additional RS should be evaluated for proper design of additional TRS/CSI-RS scheme. UE cannot perform AGC, channel tracking, and channel estimation with 1 SSB even when the received SINR of the SSB is high because UE is out-of-sync and frequency drift with free running mode oscillator after a long deep sleep. Reception of three SSBs  should be set  as the baseline of the power saving gain evaluation of additional TRS/CSI-RS.
 As shown in Figure 1, the baseline is that three SSB bursts are required to receive before per paging reception. After the 3rd SSB is received, UE can perform accurate AGC, channel estimation and frequency/time offset estimation with accurate sampling time from local timing reference, which the frequency drift is calibrated with the received signals from first 2 SSBs.   The additional TRS/CSI-RS is allocated after 3rd SSB and incoming paging occasion.

 
Figure 1:  Addition TRS/CSI-RS for RRC Idle/inactive mode
Power saving gain from additional TRS/CSI-RS is evaluated with different paging cycle and with RMM measurement and more details on simulation assumptions can be found in[2].


Three SSB bursts as baseline
Figure 2:  Addition TRS/CSI-RS for RRC Idle/inactive mode

As shown in Figure 2 with group paging rate 0.1, it is observed that TRS assisted paging reception could provide 15.87%~35.14% power saving gain compared with three SSB bursts as baseline with paging cycle=32, 64, 128, 256 radio frames. Reduction of light sleep and transition power among neighbor SSB burst sets contribute main power saving gain of TRS/CSI-RS assisted paging reception. 
Observation 1: Additional TRS/CSI-RS can provide 15.87% ~35.14% power saving gain over SSB based paging reception.

RS type
In previous RAN1 meetings [3], it has been agreed to support periodic TRS and not support aperiodic TRS and semi-persistent/aperiodic TRS/CSI-RS for idle/inactive mode UEs for performing AGC, time/frequency channel tracking. It remains as FFS for whether or not supporting periodic CSI-RS for idle/inactive mode UEs. 
Periodic CSI-RS offer more configuration flexibility than Periodic TRS at least in following aspects. 
· Periodicity and slot offset 



As specified in TS38.214 [4], the periodicity and slot offset for periodic TRS resources, is one of slots where 10, 20, 40, or 80 and µ =0, 1, 2, 3, 4. The UE is not expected to be configured with the periodicity of  slots if the bandwidth of TRS resource is larger than 52 resource blocks. The periodicity and slot offset for periodic CRS-RS resources as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, has value of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640}slots.  Therefore, CSI-RS can be configured with much finer granularity than that of TRS.
·  Mapping pattern
For TRS configuration, the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots, per slot corresponding is given by one of



-, , or for frequency range 1 and frequency range 2,







-, , , , ,  or  for frequency range 2.
For CSI-RS configuration, time-domain location of the CSI-RS resource can be any symbol of a slot. Obviously, CSI-RS resource has more flexible pattern that that of TRS.
If bandwidth of TRS resource is smaller than 52 PRB, TRS resources periodicity is at least 10ms, otherwise TRS resources periodicity is at least 20ms.  Obviously, sparse TRS resources configured for connected mode UE is not beneficial for power saving of idle/inactive UE. Periodic CSI-RS has potential to assist UE to achieve more power saving gain.  For example, one port one symbol CSI-RS can be used for AGC operation after cell search and two slots TRS can be used for T/F channel tracking which can provide more power saving gain than that of TRS only or SSB only, as shown in Figure 3. Therefore, periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) can be supported for idle/inactive UEs.



Figure 3:  Addition CSI-RS resource for RRC Idle/inactive mode

Observation 2: CSI-RS can be configured with much finer granularity and more flexible pattern than that of TRS only, which is beneficial for assisting UE to achieve more power saving gain.
Proposal 1: Periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) can be supported for idle/inactive UEs.

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

As agreed in RAN1#103-e meeting, SIB signalling is utilized to provide the configuration of TRS/CSI-RS occasion(s) for Idle/Inactive-mode UE(s). The following aspects need to be considered for RRC Idle/Inactive mode UEs. 
· How to configure TRS/CSI-RS occasion to assist UE achieving significant power saving gain? 
· Considering that gNB does not know which cell RRC_IDLE/Inactive mode UE is camped, how the resource configuration and the resource availability indication of TRS/CSI-RS are incorporated in the paging strategy?
· When TRS/CSI-RS is configured on-demand, what is the trigger event?

TRS/CSI-RS configuration

· Higher Layer Signalling 

[bookmark: _Hlk61696372]The legacy TRS/CRS-RS resource/resource set configuration based on RRC signalling for RRC_CONNECTED mode UE can be considered as the framework of signalling 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 4. We can see from Figure 4 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 signalling 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 [5]. Therefore, TRS/CSI-RS configuration with potential large size of signalling may need to be configured at another standalone SIB-X with the present of SIB X indicated by SIB1.    

Observation 3: TRS/CSI-RS configuration with potential large size of signalling may need to be configured at another standalone SIB-X with the present of SIB-X indicated by SIB1.  

Proposal 2: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.



Figure 4:  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, one or multiple TRS/CSI-RS resources/ resource sets can be configured with SIB signalling and TRS/CSI-RS resource configuration usually at least contains TRS/CSI-RS pattern /resource mapping/gold sequence scrambling ID/ multi-beam QCL information, etc., which will cause huge SIB overhead as shown in Figure 4. gNB can share the TRS/CSI-RS occasions intended for CONNECTED mode UE to IDLE/inactive UEs.  Once such TRS/CSI-RS resource is no longer used by CONNECTED mode UE, gNB needs 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 penalize power saving gain of TRS/CSI-RS occasion(s) obviously. 

Observation 4: With CSI-RS resources configured with SI without association with paging occasion(s), UE will read system information block update to acquire new TRS/CSI-RS resource configuration information which will penalize power saving gain of TRS/CSI-RS occasion(s) obviously. 

In general, the TRS/CSI-RS would be configured for all UEs to minimize the overhead in a cell even they are UE-specifically configured. As TRS/CSI-RS resource configuration usually changes infrequently for CONNECTED mode UEs since it is shared by multiple UEs in the cells, the same TRS/CSI-RS resource could be shared to IDLE mode UEs.   From the other angle, the TRS/CSI-RS resource configured for IDLE mode UE for power saving purpose should be prioritized as the TRS/CSI-RS resource to be configured for CONNECTED mode UEs to minimize the system overhead.   

[bookmark: _Hlk54273431]Observation 5:  The TRS/CSI-RS resources configured for CONNECTED mode UEs can be shared to IDLE mode UE.  

For option2, the potential TRS/CSI-RS resources are configured and associated with the SSB/paging occasion. As shown in Figure 5, similar to PS_offset configured for UE to decode DCI format 2_6, TRS/CSI-RS occasion could be configured with dedicated gap between TRS/CSI-RS occasion and paging occasion. As TRS/CSI resource grid could be specified in the physical layer specifications, TRS/CSI-RS resource configuration signaling overhead is very low.  UE would not need to frequently receive the system information update caused by TRS/CSI-RS resources changes, which can provide significant power saving.
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 5: TRS/CSI-RS occasion is associated with PO/SSB

Observation 6: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signalling overhead and low specification efforts.

Observation 7: 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 8: 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 3: 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.

· The BWP and the SCS configuration
In RAN1#104-e meeting, two alternatives are considered for the SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs
· Alt1: same as initial BWP
· Alt2: configurable parameter 
If the BWP and/or the SCS of the BWP containing the configuration of TRS/CSI-RS occasion(s) are not the same as that of initial BWP, IDLE/Inactive UE is required to perform BWP switching in order to use the TRS/CSI-RS resource.  Moreover, to support BWP  switching of same or different SCS for UE in IDLE mode,  a great amount of signal processing, such as  ADC sampling, slot/symbol timing adjustment, RF filter tuning, channel tracking are needed, which are   complicated UE implementation and may not achieve UE power saving. Therefore, Alt.1 should be adopted for the configuration of TRS/CSI-RS occasion(s).
Proposal 4: The SCS configuration of TRS/CSI-RS occasion(s) for IDLE/Inactive UEs should be same as initial BWP.

·  Frequency location
Considering bandwidth of TRS/CSI-RS configured for CONNECTED mode UE might not match that of initial DL BWP, the following alternatives need to be down-selected for configuration of frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

Both Alt.1 and Alt.2 would not require IDLE/Inactive UEs receiving signal outside the initial DL BWP. It implies that IDLE/Inactive UE does not perform BWP switching from the initial DL BWP to another BWP for the use of configured TRS/CSI-RS.  
[bookmark: _Hlk67998760]From configuration perspective, the CSI-RS/TRS frequency location is determined based on the higher layer parameters nrofRBs and startingRB.  As specified in TS38.214 [4], both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the reference point for startingRB is CRB 0 on the common resource block grid. If  the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . CSI-RS resource in frequency location configured by high-level signalling can be larger and cross over the initial BWP boundary but the CSI-RS bandwidth for IDLE/Inactive UE is aligned with BWP through predefined rules in NR specification. Therefore, Rel-15 CSI-RS bandwidth configuration scheme can be reused for IDLE/Inactive UE with additional indication of the starting PRB outside the initial BWP. The resource in frequency location of TRS/CSI-RS occasion(s) for IDLE/Inactive UEs should be within initial DL BWP.
Proposal 5: Rel-15 CSI-RS bandwidth configuration scheme can be reused for IDLE/Inactive UE with additional indication of the starting PRB outside the initial BWP. The resource infrequency location of TRS/CSI-RS occasion(s) for IDLE/Inactive UEs should be within initial DL BWP.

· TCI state configuration

It was agreed in RAN1#104-e meeting 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  RS configuration structure, TCI state is configured per CSI-RS resources 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 [5]. Compared with configuration of TCI state per CSI-RS resource, one CSI-RS/TRS resource set can be configured with one TCI state which can reduce unnecessary signalling overhead significantly.

Observation 9: 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 signalling overhead.
Proposal 6: QCL information configuration of TRS for idle/inactive UE should be configured per CSI-RS resource set. 

[bookmark: _Hlk68039023]The configuration of TRS/CSI-RS resource set is included in SIB-X for IDLE/Inactive UEs.  The TCI state of the TRS/CSI-RS resource would be set different for each beam in  a given cell.  In order to inform UE the  TCI state of TRS/CSI-RS resources after detecting a SSB and acquiring coarse timing and channel information, the CSI-RS resource set needs to be linked to the SSB ID after UE detect  SSB and  the associated SSB ID at a given cell.  The TRS/CSI-RS resources can be associated with the SSB ID explicitly or implicitly.  Considering high layer signalling can provide the most direct and flexible QCL information of TRS occasion(s) per CSI-RS resource set, QCL indication of TRS/CSI-RS occasion(s) should be explicitly indicated to be associated with a SSB ID by higher signaling for IDLE/Inactive UEs.

Proposal 7: QCL indication of TRS/CSI-RS occasion(s) should be explicitly indicated to be associated with a SSB ID by higher signaling for IDLE/Inactive UEs. 

· TRS/CSI-RS occasion(s) configuration procedure
It was agreed in RAN1#102-e [3] 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 the QCL assumption with a SSB
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 [6], 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 [7], 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 5. 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 5: 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 6, 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 6: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets

Proposal 8: 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 with a SSB;
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 #104-e meeting that the assumption on the availability of TRS/CSI-RS at the configured occasion(s) is explicitly informed to the UE, but details remain FFS.
The configuration of TRS/CSI-RS is included in SIB-X.  For each cell, not all SIBs will be present.   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.   Since UE paging occasion (PO) is implicitly derived based on UE ID, the PO is UE-specific.   The location of the TRS/CSI-RS resource for each IDLE/Inactive mode UE could be different although it is possible to have same TRS/CSI-RS resource configured for all IDLE/Inactive mode UEs in the serving cell.   The location of TRS/CSI-RS could be indicated by either SIB universally for all UEs or implicitly derived based on UE ID similarly to the derivation of PO based on UE ID, SFN, and PF_offset. Extended DRX (eDRX) feature has been supported for further power saving in Rel-16, which is already supported in LTE. In LTE NB-IoT, eDRX based system information update mechanism and regular DRX based system information update mechanism work in the similar way except requirement of longer system information update period for eDRX. Therefore, TRS/CSI-RS availability and indication are as follows which can apply to both DRX and eDRX configuration.
· 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 [5]. 
Observation 10: System information update mechanism shall not trigger UE reading unnecessary SIB.

As short Messages bit field in paging DCI can trigger modification of system information, which is same as the system information update included in the paging message. The reserved bits or states in the paging DCI were also proposed for availability indication of temporary TRS [8]. The additional bit in DCI would have backward compatibility issues since legacy DCI format does not have this field.  The DCI used for paging indication would be common for UEs in all Release.  If some Rel-17 UEs and legacy UEs are in one paging group, the DCI format would only be compatible for one of them but not both. Thus, additional bit in DCI for the indication of TRS/CSI-RS availability would have backward compatibility issue.  The availability indication by DCI would be ambiguous if IDLE/Inactive UE moves to a new cell due to the availability indication should not cross cells.   Furthermore, if paging DCI is not transmitted, UE cannot achieve availability indication of TRS/CSI-RS.  In such case, if gNB is transmitting TRS/CSI-RS, but UE assumes no presence of TRS/CSI-RS, which will degrade UE power saving gain significantly for 10% average paging rate. Even if UE assumes that TRS/CSI-RS is not released before reception of new availability indication, ambiguity understanding between gNB and UE for availability indication of TRS/CSI-RS will occur. For example, when additional bits in DCI indicate UE deactivation of TRS/CSI-RS resource but paging DCI is missing, UE will continue skip SSB reception and perform fine T/F/sampling synchronization and corresponding compensation operations using false signal, which will cause UE out-of-sync  and  failed paging reception with a large probability. 

[bookmark: _Hlk61701702]Proposal 9: The availability of TRS/CSI-RS at the configured occasion(s) should be informed to the UE by the present/not present of SIB-X TRS/CSI-RS configuration.

Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following observations and proposals, 
Observation 1: Additional TRS/CSI-RS can provide 15.87% ~35.14% power saving gain over SSB based paging reception.
Observation 2: CSI-RS can be configured with much finer granularity and more flexible pattern than that of TRS only, which is beneficial for assisting UE to achieve more power saving gain.
Proposal 1: Periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) can be supported for idle/inactive UEs.
Observation 3: TRS/CSI-RS configuration with potential large size of signalling may need to be configured at another standalone SIB-X with the present of SIB-X indicated by SIB1.  

Proposal 2: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.

Observation 4: With CSI-RS resources configured with SI without association with paging occasion(s), UE will read system information block update to acquire new TRS/CSI-RS resource configuration information which will penalize power saving gain of TRS/CSI-RS occasion(s) obviously. 
 
Observation 5:  The TRS/CSI-RS resources configured for CONNECTED mode UEs can be shared to IDLE mode UE.  

Observation 6: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signalling overhead and low specification efforts.

Observation 7: 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 8: 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 3: 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 4: SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs should be same as initial BWP.
Proposal 5: Rel-15 CSI-RS bandwidth configuration scheme can be reused for IDLE/Inactive UE with additional indication of the starting PRB outside the initial BWP. The resource infrequency location of TRS/CSI-RS occasion(s) for IDLE/Inactive UEs should be within initial DL BWP.
Observation 9: 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 signalling overhead.
Proposal 6: QCL information configuration of TRS for idle/inactive UE should be configured per CSI-RS resource set. 
Proposal 7: QCL indication of TRS/CSI-RS occasion(s) should be explicitly indicated to be associated with a SSB ID by higher signaling for IDLE/Inactive UEs. 

Proposal 8: 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 with a SSB;
Step 3）To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2.
Observation 10: System information update mechanism shall not trigger UE reading unnecessary SIB.
Proposal 9: The availability of TRS/CSI-RS at the configured occasion(s) should be informed to the UE by the present/not present of SIB-X TRS/CSI-RS configuration.
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