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1. [bookmark: _Toc120549591]Introduction
As the WID in RP-200938 [1], the objectives of UE power saving enhancements for idle/inactive-mode UE are as the following,
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 
In this contribution, the mechanism of providing potential TRS CSI-RS occasion(s) for idle/inactive UEs will be discussed.
2. Potential TRS/CSI-RS occasion(s) to idle/inactive-mode UEs
In this section, the design of providing potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs will be discussed to reduce the UE waking up time.
2.1 TRS/CSI-RS configuration scenario and signalling
TRS/CSI-RS is configured by dedicated RRC signalling in Rel-15/16, that is only SSB can be used for idle/inactive UE for time/frequency tracking and channel measurement. But the SSB is transmitted in a periodicity which causes UE need wake up a long time for time/frequency tracking and channel measurement and then receive paging. In comparison to LTE, the CRS is transmitted in each slot, UE only needs to wake up a few slots to realize time/frequency tracking and channel measurement. Therefore, the most important motivation of providing potential TRS/CSI-RS available in connected mode for idle/inactive UE is to assist time/frequency tracking or channel measurement in addition to SSB to reduce the total waking up time for paging reception.
[bookmark: _GoBack]One simple way to provide the potential TRS/CSI-RS to idle/inactive-mode UE is broadcasting some TRS/CSI-RS configurations which have been used by connected mode UE(s) via SIB. But this solution may cause “always-on RS” or more UE power consumption. For example, when the connected mode UE(s) transfer into idle/inactive mode or even handover to other cell, the TRS/CSI-RS configurations will discard and be useless. If network want to provide TRS/CSI-RS to idle/inactive UE continuously, one way is continue transmitting the TRS/CSI-RS although none connected UE is using, which causes the “always-on RS”. The alternative way is broadcasting another TRS/CS-RS configurations which are using by other connected mode UE(s), but the modification of TRS/CS-RS configurations can only be realized by system information update procedure for idle/inactive-mode UE(s), which may cause more power consumption. Therefore, broadcasting the TRS/CSI-RS configurations using by connected mode UE(s) is not a good solution.
Observation 1. Broadcasting the TRS/CSI-RS configuration using by connected mode UE(s) to idle/inactive-mode UE(s) will cause “always-on RS” or more UE power consumption.
In order to avoid the above problems, one way to provide additional TRS/CSI-RS to one idle/inactive mode UE is continuously transmitting the TRS/CSI-RS which has been configured in connected state beforehand. For example, if one UE transfers from connected mode into idle/inactive mode, gNB can configure or indicate the UE some TRS/CSI-RS have been configured in previous connected mode are still effective in idle/inactive-mode. That is, it can still use the TRS/CSI-RS configured beforehand for a time when in idle/inactive-mode.
This solution can also assist gNB taking into account of each UEs’ using behaviour and is more effectively to provide the additional TRS/CSI-RS service because it is up to gNB’s decision to provide additional TRS/CSI-RS service to one idle/inactive UE or not. For example, some indoor UE(s) may transfer between connected mode and idle/inactive mode frequently, but the location is not changed, e.g., UEs in daylight office. gNB can provide these UEs the additional TRS/CSI-RS service to reduce the power consumption before receiving PO, and the TRS/CSI-RS configuration will not change as well. But gNB can decide not to provide the additional TRS/CSI-RS service to other UEs which not receiving Paging frequently or the movement is so frequent. 
Proposal 1. For one UE, gNB can indicate TRS/CSI-RS occasion(s) have been configured in connected mode beforehand are still effective in idle/inactive-mode.
As for the incitation signalling, gNB can use dedicated RRC signalling to configure which TRS/CSI-RS(s) can still be used in idle/inactive-mode. That is UE can use these additional TRS/CSI-RS(s) each time going into idle/inactive mode until RRC reconfigure the TRS/CSI-RS(s) or turn off this feature. Furthermore, gNB can also use RRC release message to configure which TRS/CSI-RS to be used in the following idle/inactive mode. That is the additional TRS/CSI-RS is turned on/off or configured in each RRC release procedure.  
Proposal 2. gNB can using dedicated RRC signalling or RRC release message to indicate the TRS/CSI-RS be still used in idle/inactive mode.
2.2 Time domain resource configuration
As the discussion in section 2.1, the most important usage of TRS/CSI-RS for idle/inactive UE(s) is assisting time/frequency tracking or channel measurement before monitoring paging PDCCH and PDSCH. Therefore, one UE only needs to wake up several slots to receive TRS/CSI-RS before each PO. 
In current paging design, the DRX cycle can be configured as 320 ms, 640ms, 1280ms and 2560ms, but the periodicity of TRS can only be configured as 10 ms, 20 ms, 40 ms and 80 ms in Rel-15/16. Therefore, in order to reduce network overhead of TRS/CSI-RS, the time domain configuration of TRS/CSI-RS can be larger than 80ms to match the DRX cycle. Another alternative is configuring a time window before each PO for idle/inactive UE to receive TRS/CSI-RS.
Proposal 3. The time domain configuration of potential TRS/CSI-RS to idle/inactive UE(s) can be as a larger periodicity of 80ms or as a time window before each PO.
3. Conclusions
In this contribution, the mechanism of providing potential TRS CSI-RS occasion(s) for idle/inactive UEs are discussed, and the following proposals are made.
Observation 1. Broadcasting the TRS/CSI-RS current using by connected mode UE(s) to idle/inactive-mode UE(s) will cause “always-on RS” or more UE power consumption.
Proposal 1. For one UE, gNB can indicate TRS/CSI-RS occasion(s) have been configured in connected mode beforehand are still effective in idle/inactive-mode.
Proposal 2. gNB can using dedicated RRC signalling or RRC release message to indicate the TRS/CSI-RS be still used in idle/inactive mode.
Proposal 3. The time domain configuration of potential TRS/CSI-RS to idle/inactive UE(s) can be as a larger periodicity of 80ms or as a time window before each PO.
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