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1		Introduction
In UE power savings WI for Rel-17 (latest WID in RP-200938, RAN#88), the following items were agreed regarding enhancements for idle/inactive-mode UE power saving.
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. 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
0. 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

In this paper, we focus on the second item, i.e., specifying means to provide potential TRS/CSI-RS available in the connected mode to idle/inactive mode UEs (for convenience, also referred to as idle UEs in some places in this document). 
· Discussion on potential TRS/CSI-RS occasion provisioning idle UEs
· Evaluation of power savings gain by TRS provisioning
· Providing potential connected mode TRS occasion to idle UEs
[bookmark: _Ref178064866]2	Discussions on potential TRS/CSI-RS occasion provisioning to idle UEs 
Among the current potential CSI-RS resources which can be configured for the UE in connected mode, in one generic categorization, they can be divided to periodic, semi-persistent and aperiodic CSI-RS. Considering that aperiodic CSI-RSs involve a trigger from the NW side, they cannot be considered as suitable candidates to be provided to the idle UEs. Semi-persistent CSI-RS resources are also not a suitable candidate, since they can be activated and deactivated through MAC CE mechanisms which are not available in the idle mode. As such the periodic CSI-RS resources remain the most suitable option among them.
Furthermore, among the periodic CSI-RSs, CSI-RS for tracking, or in short TRS, is a reference signal which is always configured periodically, and has a simple configuration, e.g., single port, which can be used efficiently by an idle UE for tracking and synchronization purposes. The other CSI-RS resources, even if periodic, are intended for other purposes, e.g., PDCCH/PDSCH LA which are not be suitable for idle UEs. Furthermore, there is no reason for NW to keep such CSI-RS resources ON if the UE is in idle mode. 
[bookmark: _Toc47729845]TRS is the most suitable connected mode CSI-RS resource whose potential occasion(s) can be provided to the idle UE.
Proposal 1 [bookmark: _Toc47733593]RAN1 should prioritize provisioning of potential TRS occasions to idle/inactive UEs.
Given above discussion, we focus the discussion on provisioning of TRS to the idle UEs.
3	Evaluation of PS gain by TRS provisioning
A typical idle UE which is configured with DRX, wakes up at the end of every DRX cycle (e.g., 1.28 sec as considered in this section) to monitor paging, in its PO (Paging Occasion). Furthermore, the idle UE should maintain synchronization by measuring SSB(s) as necessary to decode PDCCH/PDSCH successfully. Considering UE power savings, as well as synchronization stability, it is expected that the UE would measure the latest SSB before the PO. Based on the duration to upcoming PO (e.g., max 20ms for FR1), the UE can either go to sleep (light or micro) until PO. The UE can expect to achieve better power savings with TRS, only if when it comes after the latest SSB and before the PO. 
For evaluation purposes, we consider two baseline scenarios, 
In Scenario 1, consider following cases:
· SSB-only: Latest SSB occurs 20ms before PO, no TRS provided.
· TRS1 configuration : TRS occurs 1ms after SSB which is 20 ms before PO.
· TRS2 configuration (most optimistic case) : SSB, TRS and PO occur right after each other. 

For Scenario 1, SSB-only leads to 2.28, TRS1 leads to 1.90, and TRS2 leads to 1.56 units of power. With TRS1, the UE gains 16.4% of idle power, while with TRS2, a gain of 31.6% in idle power can be achieved for this baseline. Figures 1 and 2 depict the results for this scenario. Considering the UE consumes approximately 15% of its power in idle mode, the gain in this case is in the range of 2.46% to 4.74%, with upper value being the most optimistic.
In Scenario 2, consider following cases, where latest SSB occurs 10 ms before PO representing an average case.
· SSB-only : Latest SSB occurs 10ms before PO, no TRS provided.
· TRS1 configuration : TRS occurs 1ms after SSB which is 10 ms before PO.
· TRS2 configuration (most optimistic case) : SSB, TRS and PO occur right after each other. 

For Scenario 2, SSB-only leads to 2.13, TRS1 leads to 1.76, and TRS2 leads to 1.56 units of power.  Thus UE can have an idle mode power saving gain of 17.6% for TRS1, and 26.8% for TRS2. Figures 3 and 4 depict the results for this scenario. Therefore, in this case the UE can expect a gain of 2.64% to 4%, with upper value being the most optimistic.
The gains above are achieved considering that the there is always a TRS sent by NW during during idle mode, an assumption which implies 100% increase in persistent transmissions by the NW as it must send TRS in addition to sending SSB. 
[bookmark: _Toc47729846]Using TRS during idle mode provides UE power saving gain of up to 4.7% in the most optimistic case under the assumption that there is 100% increase in persistent transmissions by the NW (i.e., a TRS with same periodicity as SSB is always available to the UE). 

Thus, to have a proper trade-off between UE Rx wake up and NW Tx activity, the principle should be that an idle UE should expect to use ‘connected mode TRS’ only when such TRS is transmitted for other connected mode UEs. Since the UEs can enter and leave connected mode, the NW can transmit or omit the TRS in potential TRS occasions depending on whether there are connected mode UEs being served or not. The UE should be able to handle the presence/absence of TRS in potential TRS occasions without additional signaling overhead from NW. 

[bookmark: _Toc47729847]Idle UEs should be able to handle the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.
The evaluations in this case did not consider the scenario where TRS periodicity is lager (e.g. > 20 ms) or the additional power consumption due to measurements, e.g., the UE should typically measure intra frequency cells once every DRX cycle, and if specific conditions are met, measure inter frequency, inter-RAT EUTRA cells, etc. Considering these additional aspects, the evaluated gains may reduce further.  
   [image: ]
[bookmark: _Ref45901902]Figure 1 Sequence of the events for Scenario 1: Evaluation of TRS power savings gain versus SSB only, TRS occurs 1ms after SSB.
[image: ]
[bookmark: _Ref45901908]Figure 2 Time and power profiles for Scenario 1: Evaluation of TRS power savings gain versus SSB only, TRS occurring 1ms after SSB. In time profile, only deep sleep visible, since most of the 1.28 s DRX cycle is spent there.

 [image: ]
Figure 3 Sequence of the events for Scenario 2: Evaluation of TRS power savings gain versus SSB only, TRS occurs 1ms after SSB.
[image: ]
Figure 4 Time and power profiles for Scenario 2: Evaluation of TRS power savings gain versus SSB only, TRS occurring 1ms after SSB.
4	Provisioning of potential connected mode TRS occasions to idle UEs
The solutions to provide potential connected mode TRS solutions to idle UEs should have very low system overhead as stated in the WID objectives. TRS configuration information can be indicated as part of system information (SI) that inform the UE as to which potential TRS occasions may contain TRS. The UE can make use of the potential TRS occasions and identify whether an actual TRS occasion contains a valid TRS or not and use it appropriately. 
From the NW perspective, it is not necessary to always transmit TRS in all potential occasions e.g. when there is no UE in connected mode within a cell. It is up to the UE (in idle/inactive) to keep track of whether TRS is present or not. Thus, it is important to separate the provisioning of potential TRS occasions to the idle UE from the actual transmission of TRS for use in idle mode.
Proposal 2 [bookmark: _Toc47733594]Higher layer signaling is used to convey potential TRS occasions to Idle/Inactive UEs. It is up to the UE to detect whether a potential TRS occasion contains TRS or not (Note: NW is not required to transmit TRS in potential TRS occasions).
The potential TRS occasion configuration can be made more compact for transmission in system information. Some parameters in a typical CSI-RS configuration may be redundant for a TRS configuration, e.g., the number of ports, or powerControlOffset – implying such parameters can be made optional/simplified as part of the configuration. Such opportunities can be considered further if there is significant opportunity for overhead reduction. 
Proposal 3 [bookmark: _Toc47733595]Provisioning of compact TRS configurations by omitting/identifying optional parameters for conveying potential TRS occasions can be considered.
Conclusion
In this contribution, we make the following observations and proposals: 
Observation 1	TRS is the most suitable connected mode CSI-RS resource whose potential occasion(s) can be provided to the idle UE.
Observation 2	Using TRS during idle mode provides UE power saving gain of up to 4.7% in the most optimistic case under the assumption that there is 100% increase in persistent transmissions by the NW (i.e., a TRS with same periodicity as SSB is always available to the UE).
Observation 3	Idle UEs should be able to handle the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.

Proposal 1	RAN1 should prioritize provisioning of potential TRS occasions to idle/inactive UEs.
Proposal 2	Higher layer signaling is used to convey potential TRS occasions to Idle/Inactive UEs. It is up to the UE to detect whether a potential TRS occasion contains TRS or not (Note: NW is not required to transmit TRS in potential TRS occasions).
Proposal 3	Provisioning of compact TRS configurations by omitting/identifying optional parameters for conveying potential TRS occasions can be considered.
[bookmark: _In-sequence_SDU_delivery] 
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