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1. Introduction
[bookmark: _GoBack]According to WID on UE Power Saving Enhancements, one objective in UE Power Saving Enhancements work item is about specifying the indication of TRS/CSI-RS to idle/inactive-mode UEs [1]. In previous meetings, several agreements have been made as follows; 
	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
Agreement:
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
Agreement:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.
Agreements:
· Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
· Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence
[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.


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 upcoming 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. 


[bookmark: _Ref47701204]Figure 2
Inform the availability of TRS/CSI-RS to idle/inactive mode UE
According to the WID and agreement in previous meetings, it is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) for idle/inactive mode UEs may or may not be transmitted. However whether to support method of indicating the availability of TRS/CSI-RS to idle/inactive mode UEs has not been decided yet. 
In the last meeting, it was agreed to discuss further based on the following alternatives and down-select in this meeting: 
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 4. Combination of the above alternatives.
As we discussed above, power consumption reduction can be expected when TRS/CSI-RS is used for time/frequency tracking. To use TRS/CSI-RS for time/frequency tracking, availability of TRS/CSI-RS at the potential occasion(s) shall be assumed by UE. In low SINR, power consumption of the UE increases due to the number of SSBs being processed before the PO and light sleep time between the SSBs. If UE can assume actual TRS/CSI-RS transmission at the configured occasion(s), the required number of SSBs to be processed before the PO can be reduced. Figure 3 and Figure 4 show examples of power consumption of the UE at low SINR channel quality. As shown in Figure 3, power saving gain by the TRS/CSI-RS transmission would be marginal because UE should wake up earlier to initiate SSB processing. On the other hand, in Figure 4, TRS/CSI-RS can be used instead of SSB(s) if UE can assume actual transmission. Thus, to reduce the power consumption due to the time/frequency tracking, availability of TRS/CSI-RS transmission should be informed to the UE, otherwise UE may not take advantage of power saving gain with the TRS/CSI-RS transmission.


[bookmark: _Ref54388921]Figure 3 w/o prior information on actual TRS/CSI-RS transmission


[bookmark: _Ref54388923]Figure 4 with prior information on actual TRS/CSI-RS transmission

In this point of view, it would be worth considering alternative 2 and alternative 3 among the candidate methods described above. In alternative 2, UE can assume actual TRS/CSI-RS transmission at the configured occasion(s) when the availability is informed to the UE. Thus UE can have prior information on actual TRS/CSI-RS transmission when it obtains the indication signal/channel of it. It should be noted that prior information on actual TRS/CSI-RS transmission can be used not only for the time/frequency tracking but also for the measurement of the serving cell. Meanwhile, in alternative 3, UE can assume actual TRS/CSI-RS transmission at the configured occasion(s) with some conditions. For example, UE can assume actual TRS/CSI-RS transmission only when it detects actual paging transmission at the PO. If paging is transmitted, transmission of TRS/CSI-RS at the configured occasion(s) would be useful for refining time/frequency information. For the purpose of the time/frequency tracking, TRS/CSI-RS transmission may not be necessary if there is no actual paging transmission. However, because UE cannot predict actual paging transmission, conditional availability of TRS/CSI-RS transmission cannot be used for the serving cell measurement. Also, it should be noted that RAN1 decide to support at least TRS occasion(s) corresponding to the periodic TRS. Unlike semi-persistent and aperiodic TRS/CSI-RS, actual transmission of the periodic TRS can be expected in consecutive potential occasions.
Proposal 1: Select Alt 2 regarding availability of TRS/CSI-RS at the configured occasion(s).
- Alt. 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE

To support Alt. 2, detail method of informing the availability of TRS/CSI-RS to the UE shall be discussed. If a new signal/channel is introduced to support such an indication, not only network overhead but also the UE power consumption due to the additional monitoring behaviour would be increased. From this perspective, it would be worth to consider reusing existing signal/channel to support informing the availability of TRS/CSI-RS. One possible method that can be used to indicate actual TRS/CSI-RS transmission is to use DCI for paging. In a DCI format 1_0 with CRC scrambled by P-RNTI, there are reserved bits field with 6 bits and it can be used to indicate actual TRS/CSI-RS transmission. Moreover, depending on the bit representation of short message indicator, short message field can be used if additional bits are required to convey the TRS/CSI-RS information. In a similar way, using paging early indication that is discussed in a parallel sub-agenda can be considered as well. In case of UE which monitors paging early indication, it is preferred to skip PO monitoring for power saving if there is no paging message intended. Thus, it would be beneficial to convey indication signal in paging early indication if it is supported. 
Proposal 2: Inform idle/inactive mode UEs of the availability of TRS/CSI-RS occasion(s) using paging DCI (and/or paging early indication if supported). 

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: Select Alt 2 regarding availability of TRS/CSI-RS at the configured occasion(s).
- Alt. 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE
Proposal 2: Inform idle/inactive mode UEs of the availability of TRS/CSI-RS occasion(s) using paging DCI (and/or paging early indication if supported). 

4. Reference
[1]	RP-200938, Revised WID UE Power Saving Enhancements for NR, MediaTek Inc., RAN#88e, June 2020
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