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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,
a) 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 TRS CSI-RS occasion(s) for idle/inactive UEs will be discussed.
2. TRS/CSI-RS occasion(s) to idle/inactive-mode UEs
In this section, the design of providing TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs will be discussed to reduce UE power consumption.
2.1 TRS/CSI-RS functionalities
In last RAN1 meeting, the agreement about functionalities in idle/inactive mode is as the following [2], and some FFS functionalities need to be discussed.
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
The first and second FFS function is RRM measurement. In our view, using TRS/CSI-RS for RRM measurement will cause the always-on RS, because the RRM measurement is always performed by UE and the L3-filtering of RRM measurement also requires a large measurement window. In addition, RAN4 has not specified the performance of TRS/CSI-RS based RRM measurement in idle/inactive mode, which is beyond the current scope of only involved RAN1 work.
The third FFS function is paging reception indication. To carry the paging reception indication information, additional design for TRS/CSI-RS may be needed, e.g., new cyclic design, resource mapping resign to introduce a new type TRS/CSI-RS which is distinguish from Rel-15/16 TRS/CSI-RS. The new design of TRS/CSI-RS should not be allowed.
Therefore, it is not proposed to support other functionalities of TRS/CSI-RS in idle/inactive mode.
Proposal 1. The TRS/CSI-RS occasion(s) is not used by idle/inactive UE for functionalities such as RRM measurement for serving cell, RRM measurement for neighbor cell and paging reception indication.
2.2 TRS/CSI-RS configuration signalling	
The candidate TRS/CSI-RS configuration signalling were also discussed in last RAN1 meeting, and the agreement is as the following [2],
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.)
[bookmark: _GoBack]As the discussion in section 2.1, the motivation of idle/inactive UE using the TRS/CSI-RS occasion(s) is for AGC and time/frequency tracking before paging reception. One simple way to configure the TRS/CSI-RS occasion(s) to idle/inactive-mode UE is broadcasting some TRS/CSI-RS configurations which have been used by connected mode UE(s) via SIB. However, this solution is not efficient and does not consider the UE’s behaviour. As the discussion in last RAN1 meeting, PEI can be used to indicate UE receive paging or not. Combined with the new feature of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s), UE only needs to using TRS/CSI-RS in the waked up POs if PEI indicating it to receiving paging. Therefore, the usage frequency of TRS/CSI-RS occasion(s) is associated with the UE’s paging rate. If the configuration of TRS/CSI-RS is by SIB, there are only two cases in the whole network which all idle/inactive UEs can use the TRS/CSI-RS or not, but cannot realize only part of UEs with high paging rate can use the TRS/CSI-RS. Considering various services are supported in NR and the paging rates of different UEs are various as well, network should have the capability to only provide the TRS/CS-RS service for part of UEs with high paging rate but not ignore different UEs’ behaviours. 
In addition, considering the PO locations of UEs are different, the nearest TRS/CSI-RS locations before POs are also different among UEs. That is to say the time domain behaviours of TRS/CSI-RS to realize the largest power saving are different among UEs. Therefore, the TRS/CSI-RS configurations may also be various for different UEs. If the various configurations of TRS/CSI-RS is carried by SIB, the overhead of SIB will be too huge. If only one configuration of TRS/CSI-RS is carried by SIB, it will limit some UEs’ power saving gain considering the case the location of TRS/CSI-RS is not nearer than SSB. 
One way to configure TRS/CSI-RS to part of idle/inactive mode UEs and configure different TRS/CS-RS for different UEs to match each UE’s PO location to realize the largest power saving gain is using dedicated RRC signalling or RRC release message. In this way, gNB can use dedicated RRC signalling or RRC release message to configure some new TRS/CSI-RS to be used in the following idle/inactive mode. Another example is that gNB can use dedicated RRC signalling or RRC release message to indicate UE some TRS/CSI-RS have been configured in previous connected mode are still effective in idle/inactive-mode. That is, UE can still use these TRS/CSI-RS for a time if in idle/inactive-mode.
Per-UE TRS/CSI-RS configuration can take into account of each UEs’ using behaviour and is more effectively to provide the TRS/CSI-RS service. For example, considering some indoor UE(s) may transfer between connected mode and idle/inactive mode frequently, but the location is not changed, gNB can provide these UEs the TRS/CSI-RS occasion(s) to reduce the power consumption before receiving PO. In addition, because these UEs’ locations are not changed, gNB is not worried about the change of TRS/CSI-RS configuration. Meanwhile, gNB can decide not to provide the additional TRS/CSI-RS occasion(s) to other UEs which not receiving paging frequently or with high UE movement speed. 
Proposal 2. gNB can configure UE some TRS/CSI-RS occasion(s) can be used in idle/inactive-mode by dedicated RRC signalling or RRC release message.
Proposal 3. gNB can indicate UE which TRS/CSI-RS occasion(s) have been configured in connected mode beforehand are still effective in idle/inactive-mode by dedicated RRC signalling or RRC release message.
2.3 Availability information of TRS/CSI-RS
Another issue to be discussed is the availability information of TRS/CSI-RS.
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:
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.
As the agreement in last RAN1 meeting, it is understood that it’s up to gNB’s implementation to whether to transmit the TRS/CSI-RS or not. That is gNB may not transmit the TRS/CSI-RS even has configured or indicated it to UE. If UE does not know the availability information of TRS/CSI-RS, UE must assume there is no TRS/CSI-RS transmitting and use the SSB for AGC and T/F tracking as usual, even the TRS/CSI-RS is transmitted actually. This will decrease the power saving gain of using TRS/CSI-RS for AGC and T/F tracking to reduce the total preparation time before PO.
Therefore, it should not require UE blind detecting the TRS/CSI-RS. One way to solve this problem is inform the availability of TRS/CSI-RS to idle/inactive mode UE. As the discussion in section 2.2, gNB can use dedicated RRC signaling or RRC release message to indicate or configure UE which TRS/CSI-RS be still used in idle/inactive mode and UE can assume the TRS/CSI-RS is applied after receive the RRC signaling or RRC release message. If gNB decides not to transmit the TRS/CSI-RS, gNB can indicate UE the termination information. The TRS/CSI-RS termination indication information can be carried in PEI or paging DCI explicitly, e.g., using some DCI fields. Another implicitly solution is using the combination of PEI and paging PDSCH, for example, the PEI indicates one UE to wake up to receive paging, but UE cannot find it’s ue-Identity in the paging message and this UE will know the PEI is not use to indicate it receiving paging but only indicate the termination information of TRS/CSI-RS.
Proposal 4. UE blind detection of TRS/CSI-RS is not required.
Proposal 5. The availability of TRS/CSI-RS is informed to idle/inactive mode UEs.
Proposal 6. The signalling design of termination indication of TRS/CSI-RS can be as the following:
· Explicitly: carried in PEI or paging DCI;
· Implicitly: combination of PEI indicating waking up but not matching ue-Identity in paging message.
2.4 Time domain resource configuration
As the discussion in section 2.1, the functionality of TRS/CSI-RS for idle/inactive UE(s) is assisting AGC and time/frequency tracking 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 320ms, 640ms, 1280ms and 2560ms, but the periodicity of TRS can only be configured as 10ms, 20ms, 40ms and 80ms in Rel-15/16. When the configuration of TRS/CSI-RS is indicated by RRC signalling as discussed in section 2.2, a larger periodicity which matched to the DRX cycle can be indicated, although the TRS/CSI-RS periodicity for connected UE is more dense. Another alternative is configuring a time window before each PO for idle/inactive UE to receive TRS/CSI-RS.
Proposal 7. 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.
Proposal 1. Do not support idle/inactive UE use the TRS/CSI-RS occasion(s) for RRM measurement for serving cell, RRM measurement for neighbor cell and paging reception indication.
Proposal 2. gNB can configure UE some TRS/CSI-RS occasion(s) can be used in idle/inactive-mode by dedicated RRC signalling or RRC release message.
Proposal 3. gNB can indicate UE which TRS/CSI-RS occasion(s) have been configured in connected mode beforehand are still effective in idle/inactive-mode by dedicated RRC signalling or RRC release message.
Proposal 4. UE blind detection of TRS/CSI-RS is not required.
Proposal 5. The availability of TRS/CSI-RS is informed to idle/inactive mode UEs.
Proposal 6. The signalling design of termination indication of TRS/CSI-RS can be as the following:
· Explicitly: carried in PEI or paging DCI;
· Implicitly: combination of PEI indicating waking up but not matching ue-Identity in paging message.
Proposal 7. 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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