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1 Introduction
In the WID of Rel-17 UE power saving [1], one objective for idle/inactive-mode UE power saving is:

1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

· 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
This paper provides our views on the Rel-17 idle/inactive-mode UE power saving objective as mentioned above. 
2 TRS Signalling Structure
According to 38.214 [2], we summarize the general properties of TRS as below:
· TRS is an NZP-CSI-RS-ResourceSet configured with trs-Info and composed of 2 or 4 nzp-CSI-RS-Resource
· Each nzp-CSI-RS-Resource resource is 1-port and of density 3
· For 2 nzp-CSI-RS-Resources, they occupy one slot; for 4 nzp-CSI-RS-Resources, they occupy two  consecutive slots (which are the same across two consecutive slots)
· There should be no CSI-ReportConfig for TRS (no need to report CSI for TRS)
· For periodic TRS, it can be configured with a periodicity of 10, 20, 40, or 80 ms

· The BW of TRS is the minimum of 52 and [image: image2.png]NEw:
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· The two CSI-RS within a slot are always separated by four symbols in the time domain
· For periodic TRS and the associated aperiodic TRS, the following constraints applied
· Periodic TRS:
· FR1: 4 nzp-CSI-RS-Resources in 2 consecutive slots (or 2 nzp-CSI-RS-Resources in a slot if no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated)

· FR2: 4 nzp-CSI-RS-Resources in 2 consecutive slots or 2 nzp-CSI-RS-Resources in a slot

· Periodic TRS and associated aperiodic TRS
· Aperiodic TRS has the same RB location, QCL type, and resource number as the periodic TRS
· Aperiodic NZP CSI-RS triggering is performed by DCI
An illustration example of TRS structure is shown in Fig. 1.
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Fig. 1 The resource distribution of TRS in time/frequency domain
With the above summary for TRS, we have the following observation:
Observation 1: Compared to general CSI-RS, TRS has some constraints on the configuration. Besides, for the 2 or 4 nzp-CSI-RS-Resource composing one TRS, most of the configurations are the same. Therefore, using TRS  as potential RS occasion(s) available in connected mode to idle/inactive-mode UEs requires less signalling overhead than CSI-RS.
3 Idle/Inactive Mode UE Operations and CSI-RS/TRS Assistance
In RAN1 AH1901 [3], the following UE operations are characterized in IDLE/INACTIVE state during the discussion of RRM relaxation for idle mode power saving:
· Loop convergence (AGC, TTL & FTL) / time-frequency tracking

· Paging (receiving paging PDCCH)
· SIB1 decoding (PDCCH+PDSCH)

· Neighbor cell search (within SMTC), if any

· SSB measurement  (serving cell only / severing cell and neighboring cells, if any)

Among the operations above, SSB measurement and neighbour cell search requires the SSB block and can not be assisted by TRS/CSI-RS. SIB1 decoding and paging receiving both involves PDCCH (or PDSCH) decoding and requires accurate gain control (AGC) and time-frequency tracking.
We hence have the following observation:
Observation 2: For idle/inactive mode UE, the provided potential TRS/CSI-RS occasion(s) should be able to assist gain control (AGC) and time-frequency tracking.
For gain control (AGC), any reference signal can be used for gain tuning, including CSI-RS/TRS. 

According to 38.214 [2] 5.1.6.1
CSI-RS reception procedure, CSI-RS can be used for time/frequency tracking, CSI computation, L1-RSRP computation, and mobility. Among the CSI-RS use cases, TRS is especially designed for efficient time/frequency tracking.
Observation 3: For idle/inactive mode UE, both potential TRS/CSI-RS occasion(s) can provide assistance for gain control (AGC), while TRS provides more significant assistance for time/frequency tracking.
With Observations 1, 2, 3, we have the following proposal:

Proposal 1: NW configures one or multiple periodic NZP-CSI-RS-ResourceSet with trs-Info for IDLE mode UE to utilize this (these) potential TRS, since compared to CSI-RS, TRS requires less signalling overhead and provides more significant assistance for time/frequency tracking.
4 Summary 

In this contribution, we focus on the discussions for Rel-17 potential TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving and have the following observations and proposals:
Observation 1: Compared to general CSI-RS, TRS has some constraints on the configuration. Besides, for the 2 or 4 nzp-CSI-RS-Resource composing one TRS, most of the configurations are the same. Therefore, using TRS  as potential RS occasion(s) available in connected mode to idle/inactive-mode UEs requires less signalling overhead than CSI-RS.

Observation 2: For idle/inactive mode UE, the provided potential TRS/CSI-RS occasion(s) should be able to assist gain control (AGC) and time-frequency tracking.
Observation 3: For idle/inactive mode UE, both potential TRS/CSI-RS occasion(s) can provide assistance for gain control (AGC), while TRS provides more significant assistance for time/frequency tracking.
Proposal 1: NW configures one or multiple periodic NZP-CSI-RS-ResourceSet with trs-Info for IDLE mode UE to utilize this (these) potential TRS, since compared to CSI-RS, TRS requires less signalling overhead and provides more significant assistance for time/frequency tracking.
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