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Introduction
In RAN#86, the UE power saving WID was approved for Rel-17 UE power saving enhancement [1]. 
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS
In this contribution, it discussed TRS/CRS configuration for paging enhancement for RRC-Idle/Inactive mode. 

Discussion

Additional TRS/CSI-RS for paging 

To reduce power, 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 SSB bursts to perform AGC and 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 needs to wake up early to get more SSB bursts before paging reception, which might cause more UE power consumption.  Additional temporary TRS/CSI-RS can be introduced to RRC Idle/Inactive-mode UE to reduce the UE power consumption in channel tracking and measurements. Considering the characteristic of TRS/CSI-RS, the following functions could be optional:

· Channel tracking in time and frequency;
· RRM measurement;
· As power saving signal for the indication of UE paging reception.

For the purpose of channel tracking, the temperate TRS/CSI-RS could reduce the time to achieve fine synchronization, especially for high Doppler frequency situation, and further improve paging demodulation performance. For RRM measurement, temporary TRS/CSI-RS could be used along with SSB for RRM measurement. 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 section 2.3. 

Evaluation of power saving gain 
 
Additional temporary TRS/CSI-RS can reduce the number of SSB bursts required  by UE for preparation of PDCCH decoding at paging occasion  and delay the wake up 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. If the Cell is unknown and belongs to FR1, three SSB bursts are required for cell search, AGC, channel tracking and other operations from viewpoint of RNA4 at almost all SINR. UE might be able to complete all the tasks before 3 SSB bursts when the received SINR of the SSB is high.  However, UE could not know if the received SINR of SSB after wakeup.  UE needs to prepare for the worse case scenarios.  For FR1, after successful cell search, if RRM measurement cycle is larger than 160ms, at least two SSB bursts are required, one for AGC/AFC and the other for channel tracking as described in Clauses 8.3.2 of TS38.133. Considering that known cell is typical application scenario, reception of two SSB bursts can be regard as the baseline of following power saving gain evaluation of additional TRS/CSI-RS. As shown in Figure 1, two SSB bursts are required to receive before each paging reception but only second SSB is received for AGC/AFC operation in case of supporting additional TRS/CSI-RS between second SSB burst and incoming paging occasion.


Figure 1:  Addition TRS/CSI-RS for RRC Idle/inactive mode
Obervation1: Reception of two SSB bursts can be as the baseline of power saving gain evaluation of additional TRS/CSI-RS.
In the following, power saving gain from additional TRS/CSI-RS is evaluated with different paging cycle and with/without RMM measurement and more details on simulation assumptions can be found in our contribution [2].


(a)Paging rate=0.01, without RRM measurement

(b)Paging rate=0.01, with Rel-16 RRM measurement
Figure 2:  Addition TRS/CSI-RS for RRC Idle/inactive mode
As shown in Figure 2, for paging rate 0.01, it could be observed that compared with baseline, TRS assisted paging reception could provide 7.23% ~18.66% power saving gain without RRM measurement and 5.05%~16.47% power saving gain with RRM measurement. Reduction of light sleep and transition power between of two SSB contribute main power saving gain of TRS/CSI-RS assisted paging reception. 

Observation 2: Additional TRS/CSI-RS can provide 5.05% ~18.66% power saving gain over SSB based paging reception.

Potential TRS/CRS occasion(s) for paging enhancement

For RRC_CONNECTED mode, CSI-RS is an UE-specific configuration. TRS/CSI-RS resource sets are configured through 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, the following aspects need to be considered for RRC Idle/Inactive mode UEs. 
· As dedicated RRC signaling could not be configured for UE in RRC_IDLE/Inactive mode, how to indicate the   TRS/CRI-RS resource to the UE ?
· Considering that gNB cannot know which cell RRC_IDLE/Inactive mode UE will anchor, how to reduce system overhead for the indication of TRS/CSI-RS in the paging strategy?
· When TRS/CSI-RS is temporary, what is the trigger event?

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

For option1, the potential TRS/CSI-RS resources are configured and associated with the paging occasion(s) as shown in Figure 3. 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 most of TRS/CSI resource configuration could be fixed in spec, TRS/CSI-RS resource configuration signaling overhead is very low.  For option 1, TRS/CSI-RS can also be used as power saving signal to indicate paging reception, which can reduce system overhead and energy consumption of UE.    


Figure 3: TRS/CSI-RS configuration for paging indication

Observation 3: With TRS/CSI-RS occasion associated with paging occasion(s) 
· TRS/CSI-RS resource configuration signaling overhead is very low;
· TRS/CSI-RS can be used as power saving signal to indicate paging reception.

For option2, CSI-RS resources for RRC_IDLE/Inactive UE could be configured and indicated in the system information. As no association relation with paging occasion(s), TRS/CSI-RS cannot be used as power saving signal as shown in Figure 4. From system overhead perspective, TRS/CSI-RS resource configuration usually at least contains CSI-RS pattern /gold sequence scrambling ID/ QCL information. To avoid always on signal, IDLE/Inactive state UE could use the TRS/CSI-RS resource configured for CONNECTED state UE.  It is network implementation choice reusing such TRS/CSI-RS resource before paging reception in order for UE to use it for channel tracking, CSI/RRM/RLM measurements. 



Figure 4: TRS/CSI-RS resources are configured with SI without association relation with paging occasion

[bookmark: _GoBack]Observation 4: With CSI-RS resources configured with SI without association relation with paging occasion(s), TRS/CSI-RS resource configuration usually at least contain CSI-RS pattern / scrambling ID/ QCL information. 
Power saving gain caused by configuration of TRS/CSI-RS is evaluated for both option 1 and option 2, as shown in Figure 5.


(a)Paging rate=0.01, without RRM measurement


(b)Paging rate=0.01, with Rel-16 RRM measurement
Figure 5: Power saving gain of TRS/CSI-RS as paging indication
For paging rate 0.01 compared with baseline (option 2), from above Figure, paging reception with TRS as paging reception indication(option 1) could provide 7.40%~21.78% power saving gain without RRM measurement and 5.85%~18.23% power saving gain with RRM measurement. As temporary TRS/CSI-RS and paging reception indication in option 1, significant power saving gain can be achieved compared to that with option 2.
Observation 5: As option 1(TRS/CSI-RS occasion is associated with paging occasion) can support paging reception indication, significant power saving gain can be achieved over option 2 (TRS/CSI-RS resources are configured with SI without association relation with paging occasion).
Proposal 1: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with paging occasion(s). 
Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following observations and proposals, 
Obervation1: Reception of two SSB bursts can be as the baseline of power saving gain evaluation of additional TRS/CSI-RS.
Observation 2: Additional TRS/CSI-RS can provide 5.05% ~18.66% power saving gain over SSB based paging reception.

Observation 3: With TRS/CSI-RS occasion associated with paging occasion(s) 
· TRS/CSI-RS resource configuration signaling overhead is very low;
· TRS/CSI-RS can be used as power saving signal to indicate paging reception.

Observation 4: With CSI-RS resources configured with SI without association relation with paging occasion(s), TRS/CSI-RS resource configuration usually at least contain CSI-RS pattern / scrambling ID/ QCL information.
Observation 5: As option 1(TRS/CSI-RS occasion is associated with paging occasion) can support paging reception indication, significant power saving gain can be achieved over option 2 (TRS/CSI-RS resources are configured with SI without association relation with paging occasion).
Proposal 1: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with paging occasion(s).
References
[1] RP-193239, New WID: UE Power Saving Enhancements, MediaTek. 
[2] R1- 2005719, Paging enhancement for UE power saving, CATT.
Power saving gain by TRS(paging rate=0.01)
256rf	Paging Cycle	7.2300000000000003E-2	128rf	Paging Cycle	0.11119999999999999	64rf	Paging Cycle	0.1522	32rf	Paging Cycle	0.18659999999999999	Power saving gain(%)

Power saving gain by TRS(paging rate=0.01)
256rf	Paging Cycle	5.0500000000000003E-2	128rf	Paging Cycle	7.3899999999999993E-2	64rf	Paging Cycle	0.12130000000000001	32rf	Paging Cycle	0.16470000000000001	Power saving gain(%)

Power saving gain by WUS(paging rate=0.01)
256rf	Paging Cycle	7.3999999999999996E-2	128rf	Paging Cycle	0.1188	64rf	Paging Cycle	0.1706	32rf	Paging Cycle	0.21779999999999999	Power saving gain(%)

Power saving gain by WUS(paging rate=0.01)
256rf	Paging Cycle	5.8500000000000003E-2	128rf	Paging Cycle	8.3299999999999999E-2	64rf	Paging Cycle	0.13059999999999999	32rf	Paging Cycle	0.18229999999999999	Power saving gain(%)
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