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1. Introduction
According to WID on UE Power Saving Enhancements, followings will be studied and specified in UE Power Saving Enhancements work item; 
	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, we discuss and provide our view on providing potential CSI-RS/TRS occasion(s) available in connected mode to idle/inactive mode UEs.
2. Discussion 
In LTE, both idle mode UEs and connected mode UEs can take advantage of CRS which is available in most of subframes and PRBs. The CRS, which is an always on reference signal, can be used for purpose of measurement, time/frequency tracking, channel estimation and so on. Meanwhile, to minimize the system overhead and inter cell interference impact, no always on reference signal like CRS has been defined in NR. Instead, some types of reference signal in NR can be used to replace several functionality which can be supported by CRS in LTE. For example, CSI-RS is used especially for measuring DL channel quality. In addition, TRS can be configured to support the UE for time/frequency tracking and channel estimation. It should be noted that usage of CSI-RS/TRS is only available for UEs in connected mode; information for CSI-RS/TRS transmission can be configured by UE dedicated RRC signalling and can be applied in connected mode only. For UEs in idle/inactive mode, SSB is used for the measurement and time/frequency synchronization. Thus a UE in idle/inactive mode shall wake up periodically to monitor SSB. Figure 1 shows an example of the UE behaviour for paging operation. To monitor the PO, the nearest SSB before the PO would be used by the UE for time/frequency synchronization. After that, UE has to stay wake up (or micro/light sleep mode) until the PO to maintain synchronization and to reduce unnecessary power consumption. It is obvious that larger the gap between the SSB and PO, the more power consumption is expected. To reduce the power consumption due to the gap between SSB and PO, the simplest way is to transmit SSB more frequently. However it is not preferable in system overhead point of view. 


[bookmark: _Ref47699261]Figure 1
In this point of view, using CSI-RS/TRS instead of SSB in idle/inactive mode can be considered. Figure 2 shows on example of using CSI-RS/TRS for time/frequency synchronization before the PO. If the UE uses CSI-RS/TRS occasion configured between PO and SSB, the UE can stay in deep sleep mode longer. This would be worth to improve power consumption efficiency of the UE. Moreover, performance enhancement of the channel estimation and decoding can be expected. 
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As a baseline, CSI-RS/TRS configuration in connected mode can be considered. There are three types of CSI-RS configuration which can be supported in connected mode; periodic, semi-persistent, and aperiodic CSI-RS.
Periodic CSI-RS/TRS configuration
If the periodic CSI-RS/TRS in idle/inactive mode is adopted, the UE can expect CSI-RS transmission periodically once it is configured. For example, configuration parameters such as periodicity and slot offset can be conveyed using SIB. In this method, SIB modification announcement of paging procedure can be used to inform change in status or configuration parameter for periodic CSI-RS/TRS transmission. Thus UE has to take several steps to obtain information on CSI-RS/TRS configuration, and it is not preferable in power consumption and latency perspective. 
Aperiodic CSI-RS/TRS configuration
Unlike periodic CSI-RS/TRS transmission, the UE that expects aperiodic CSI-RS/TRS can assume CSI-RS/TRS Transmission when it is informed by triggering indication bit(s) in DCI. In dynamic scheduling point of view, much higher scheduling flexibility than periodic CSI-RS/TRS can be achieved by the aperiodic CSI-RS/TRS configuration. In case of idle/inactive mode UE, adding triggering bit in the paging DCI can be considered to support the aperiodic CSI-RS/TRS indication. For example short message can be used to convey this information. If so, UE in idle/inactive mode can take advantage of dynamic scheduling of CSI-RS/TRS transmission without additional complexity or power consumption. However, existing structure of aperiodic CSI-RS/TRS support triggering of a single CSI-RS/TRS occasion only. In UE power efficiency perspective, multiple transmission for a long period of the CSI-RS/TRS is preferable. 
Semi-persistent CSI-RS/TRS configuration
[bookmark: _GoBack]Semi-persistent CSI-RS configuration can be seen as a hybrid method of periodic and aperiodic CSI-RS. In this configuration, potential occasion for CSI-RS transmission can be configured by higher layer signalling. Within the configured potential occasions, UE can expect periodic CSI-RS transmission after if it receive activation message from gNB. If UE receives deactivation message from gNB, it shall stop assuming CSI-RS transmission. Thus semi-persistent CSI-RS configuration can serve more scheduling flexibility than periodic CSI-RS/TRS while guaranteeing stable RS transmission for a longer period than the aperiodic CSI-RS/TRS configuration. In case of connected mode, MAC CE is used to inform UE of the activation/deactivation message. In addition, other information can be conveyed by MAC CE, such as resource set ID and TCI state information. To support semi-persistent CSI-RS/TRS structure in idle/inactive mode, how to indicate activation/deactivation message shall be considered. 
Proposal 1: CSI-RS/TRS types which are used in connected mode can be considered as a starting point to support CSI-RS/TRS transmission for the UEs in idle/inactive mode: periodic, aperiodic, and semi-persistent CSI-RS.

3. Conclusion
In this contribution, we discuss and provide our view on providing potential CSI-RS/TRS occasion(s) available in connected mode to idle/inactive mode UEs. Proposals in this contribution are summarized as follows.
Proposal 1: CSI-RS/TRS types which are used in connected mode can be considered as a starting point to support CSI-RS/TRS transmission for the UEs in idle/inactive mode: periodic, aperiodic, and semi-persistent CSI-RS.
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