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Introduction
In RAN1#103-e meeting, the following was agreed for UE power saving on configuration of TRS/CSI-RS occasions for idle/inactive UEs [1]. 

Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).

Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.

Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence

[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.
In this contribution, it discussed TRS/CRS configuration details for paging enhancement for RRC-Idle/Inactive mode. 

Discussion

Function of additional TRS/CSI-RS 

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 and time/frequency channel tracking 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 is the candidate for RRC IDLE/Inactive-mode UE to reduce the UE power consumption in channel tracking and measurements. Considering the characteristic of TRS/CSI-RS, in addition to supporting AGC, time/frequency tracking operations, the following functions could be optional:

· RRM measurement
· As power saving signal for UE paging  early indication 

[bookmark: _GoBack]For RRM measurement, temporary TRS/CSI-RS could be used along with SSB for RRM measurement of serving cell. TRS/CSI-RS could play a role as the power saving signal to indicate whether UE would have paging reception at the current paging occasion, which is discussed in agenda 8.7.1.1.

Evaluation of power saving gain 

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.

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

For RRC_CONNECTED mode, CSI-RS is an UE-specific configuration. TRS/CSI-RS resource sets are configured through dedicated RRC signaling for UE performing channel tracking, beam management, channel state measurements, RMM measurement and other operations.  To provide additional TRS/CSI-RS resources for energy reduction before paging reception, 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 cannot know which cell RRC_IDLE/Inactive mode UE will be camped, how to reduce system overhead for the indication of TRS/CSI-RS in the paging strategy?
· When TRS/CSI-RS is configured on-demand, what is the trigger event?

TRS/CSI-RS configuration

· Signalling overhead

[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 3. We can see from Figure 3 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. 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 2: 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 1: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.



Figure3:  Example of TRS/CRS-RS resources/resource sets configuration

· TRS/CSI-RS configuration

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 3. 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 3: With CSI-RS resources configured with SI without association relation with paging occasion(s), TRS/CSI-RS resource configuration usually at least contains CSI-RS pattern /resource mapping/gold sequence scrambling ID/ multi-beam QCL information, etc., which will cause huge SIB overhead. 

Observation 4: With CSI-RS resources configured with SI without association relation 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 4, 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 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 4: 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 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.

· TRS/CSI-RS occasion(s) configuration procedure

It was agreed 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
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, 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, 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 configuration flexibility over that of Alt. 1. 


Figure 6: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets

To provide more power saving gain for IDLE/Inactive-mode UE, TRS/CSI-RS resources with different TCI states should be supported for multi-beam operation, which also impose large singling overhead for SIB configuration. How to configure multi-beam TRS/CSI-RS resources with low SIB singling overhead needs further discussion.
Proposal 3: 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;
Step 3）To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2.

Availability indication
In RAN1 103-e meeting, four alternatives were agreed on TRS/CSI-RS occasion availability indication for down selection. The general principle of IDLE/Inactive UE power saving by additional TRS/CSI-RS is to avoid blind decoding of TRS/CSI-RS resource. If UE is required to blind decoding and hypothesis testing of the availability of TRS/CSI-RS resource, UE cannot assume TRS/CSI-RS before PO is always available.  UE needs to wake up at least three SSBs in order to be able to decode PEI or PDCCH/PDSCH during PO. Therefore, the availability of TRS/CSI-RS at the configured occasion(s) should be explicitly informed to the UE.

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. Therefore, TRS/CSI-RS availability and indication are 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. Therefore, 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.   

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 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.   

[bookmark: _Hlk61701702]Proposal 4: 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: 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 1: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.

Observation 3: With CSI-RS resources configured with SI without association relation with paging occasion(s), TRS/CSI-RS resource configuration usually at least contains CSI-RS pattern /resource mapping/gold sequence scrambling ID/ multi-beam QCL information, etc., which will cause huge SIB overhead.  

Observation 4: With CSI-RS resources configured with SI without association relation 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 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: 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;
Step 3）To derive TRS occasion(s) according to predefined rule and parameters provided by step1 and step 2.
Proposal 4: 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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Power saving gain by TRS(PO paging rate=0.1)
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