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Introduction
In RAN #88-e, a new work item on UE power saving was approved [1]. The objective of the new WI is:
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 #102-e 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 RAN1 #102-e, several agreements were taken regarding TRS/CSI-RS occasion(s) for idle/inactive UEs [2]. These agreements are provided in the Appendix. In this contribution, we further discuss TRS/CSI-RS occasions for idle/inactive UEs.



Discussion

TRS assistance for idle UEs
In NR, the UE can be configured with a Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE states which helps lower the UE power consumption [3]. The UE monitors one paging occasion (PO) per DRX cycle. A PO is defined as a set of PDCCH monitoring occasions where the paging DCI can be sent. If the UE can decode the paging PDCCH, it receives the short message and/or the paging PDSCH which contains the paging message.
The idle mode UE should perform loop convergence (e.g., AGC) and synchronization by measuring SSBs before decoding the paging PDCCH and PDSCH. The number of SSB bursts required for channel tracking depends on the SINR of the UE and/or the duration of deep sleep time before wake up; the lower the SINR, the more measurements the UE has to perform. Therefore, the UE needs to wake-up earlier to make all necessary measurements, resulting in less time spent in deep sleep and more time spent for SSB processing and potentially in light sleep. 
This type of activity would offset the power saving gain from DRX operation significantly for the idle/inactive mode UEs especially when the SSB cycle is longer. If the UE can stay longer in deep sleep state by omitting one or more SSB measurements and use an existing TRS to compensate for the lost measurements, it can save power. Such a scenario is illustrated in the Figure 1 for the baseline case and the case with TRS.



Figure 1 Paging processing timeline with and without TRS

The amount of power saved by using TRS is computed using the scenarios illustrated in the Figure 1. For this computation, DRX of 1.28 sec and 10% paging rate is assumed. The overall gain depends on how much power the UE spends for the processing of the TRS. Even if the power needed to process the TRS is the same as processing an SSB burst, the UE can still save about 15% overall power due to the increased deep sleep opportunity and reduced light sleep transition energy. When the power needed to process the TRS decreases, the overall gain increases and can easily exceed 20% for this scenario. Of course, the exact gain would depend on many factors including the number of SSBs required for the baseline, the number of SSBs that can be omitted due to the TR, the time location of the SSBs and TRS, etc.
Observation 1: Using TRS for tracking purposes in idle mode can result in significant power saving.

TRS configuration
The configuration of the TRS occasion for idle mode UEs and the actual enablement of TRS usage should be separated from each other. The TRS configuration can be indicated in one of the system information blocks but it does not mean that the TRS is transmitted always in the configured resources since it could increase the signaling overhead if the TRS is transmitted for all SSB beams used. Several options may be considered for a UE to determine whether the TRS is present in the configured resource:
· Option-1: Blind detection of TRS
· Option-2: L1 signaling to indicate TRS presence (e.g., activation/deactivation)
· Option-3: A UE may assume that the configured TRS is always present

Option 1 does not need any signaling but may incur power consumption increase since the UE is required to blindly detect the TRS each time. Option 2 enables to activate/deactivate usage of the TRS and can be achieved without additional signaling overhead. For example, the paging PDCCH can be used for this purpose. Option 3 is the simplest mechanism, but it would require higher overhead.
Although, in the end, whether/when the TRS is used or not to shorten the preparation time is up to UE implementation, the TRS configuration and activation/deactivation of the configured TRS for the idle/inactive UE seems to be beneficial in terms of power saving. 

Proposal 1: Higher layer signaling (SIB) is used to configure potential TRS occasions.
Proposal 2: L1 signaling is used to activate/deactivate TRS presence to the UE.
Summary
In this contribution, we have discussed the use of TRS/CSI-RS for idle/inactive UEs for power saving to shorten the preparation time before each PO. Based on the discussion, we propose following:
Proposal 1: Higher layer signaling (SIB) is used to configure potential TRS occasions.
Proposal 2: L1 signaling is used to activate/deactivate TRS presence to the UE.
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Appendix

Agreements from RAN1 # 102-e:
Summary for TRS/CSI-RS occasion(s) for idle/inactive Ues	Moderator (Samsung)
From GTW session on August 25th,
Agreement:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.
Decision: As per email decision posted on August 28th,

Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
· Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
· Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
· Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
· At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
· FFS for other RS types
· FFS: Whether UE blind detection is required or not.
Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
· AGC, time/frequency tracking
· FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication
Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)

Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
· FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
· FFS for other signalling candidates (e.g., pre-configuration, etc.)
· FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)
Decision: As per email decision posted on August 28th,
Agreement:
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
· Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.
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