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1. Introduction
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]. 
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
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, 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. 
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2.1 Availability of TRS/CSI-RS
[bookmark: _GoBack]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. In order to avoid blind detection, the explicit indication of the availability of TRS/CSI-RS at the configured occasion(s) will be supported. Regarding explicit indication, following agreement and working assumption were made in the last meeting.
	Agreement: 
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
 Working assumption: 
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB


In this section, we discuss details on explicit availability indication methods. 
L1 based signaling
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.
Idle/inactive mode UEs shall monitor a PO every DRX cycle. So it seems reasonable to take advantage of the physical channels that used for paging procedure; no additional UE power consumption is required due to the availability indication monitoring, and resource overhead can be saved since the physical channels for paging can be shared. From this point of view, it would be worth to consider explicit availability indication using paging DCI and/or PEI. 
In a paging DCI, 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 PEI that is discussed in a parallel sub-agenda can be considered as well. In case of UE which monitors PEI, 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 when it is configured. However monitoring PEI is not mandated to UE, and some UEs may not monitor PEI. Thus, carrying availability indication by paging DCI would be preferable for those kind of UEs.
In case when availability is indicated for the TRS/CSI-RS occasion near/within the upcoming PO, power saving gains from paging DCI and PEI are expected to be different. Indicated TRS/CSI-RS occasion can be used for time/frequency tracking for decoding both paging PDCCH and PDSCH if PEI is used for availability indication and indicated TRC/CSI-RS occasion is located between PEI and PO. However, as discussed in our companion paper, size of information that can be conveyed by PEI would be restricted. To support multi-beam operation, QCL information can be configured for TRS/CSI-RS occasions. Likewise, PDCCH monitoring occasions of PEI may be quasi co-located with SSB indices. Note that in multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. Likewise, the beam(s) for the PEI reception and TRS/CSI-RS occasion can be selected by the UE. From these perspectives, one bit indication, that indicates TRS/CSI-RS occasion(s) quasi co-located with PEI, may be enough to enhance paging reception performance. 
On the other hand, in case of availability indication is carried by a paging DCI, TRS/CSI-RS occasion(s) can be used only for the PDSCH decoding, not for paging PDCCH within the same DRX cycle. Meanwhile, paging DCI can convey more information than PEI. Using the reserved bits, availability for the multiple TRS/CSI-RS resources and their duration could be served for the next DRX cycle(s).  
Although TRS/CSI-RS availability indication using PEI and/or paging DCI are beneficial from resource overhead perspective, additional L1 signaling can be occurred when gNB intend to indicate TRS/CSI-RS availability but do not need to transmit any paging message. To reduce the resource overhead further, it can be considered indicating multiple TRS/CSI-RS occasions or available duration using a L1 based signaling. For example, UE can assume that TRS/CSI-RS are available for multiple DRX cycles if it is indicated by a PEI and/or paging DCI. The length of the available duration may be determined by either SIB configuration or L1 signaling. If the available duration for the TRS/CSI-RS configuration is configured via SIB, signaling overhead of L1 based signaling can be reduced. On the contrary, L1 based signaling is beneficial from scheduling flexibility perspective because it allows gNB can handle the length of available duration more dynamically. Details including how to support available duration should be discussed further. 
Proposal 1: Confirm the working assumption. 
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
• FFS whether and how to enable/disable L1 based availability indication configurable by SIB 
Proposal 2: The L1 based signaling can indicate available duration for the TRS/CSI-RS occasion(s). 
- FFS: Details including the length of duration and its indication method

SIB based signaling
As with the update procedure for other SI messages, modification period can be used to update SI message for TRS/CSI-RS configuration. If SIB-based availability indication is supported, it makes sense to convey information on availability in the SIB that is for TRS/CSI-RS configuration. If so, TRS/CSI-RS availability can be modified by following the procedure of the modification period. 
The any stored version of SIB can be stored for a duration, and UE shall delete it after 3 hours from the moment it was successfully confirmed as valid. In the same way, 3 hours rule for SIB validation can be applied to the validity of the TRS/CSI-RS configuration. Meanwhile, assuming actual TRS/CSI-RS transmission for 3 hours seems not realistic. So, it would be better to introduce an additional validation procedure that can be used to determine the available duration separately from the validation of TRS/CSI-RS configuration. For example, introducing a validity timer for TRS/CSI-RS availability can be considered; UE drops TRS/CSI-RS availability assumption after the expiration of validity timer starting from the moment it was successfully confirmed as valid, while UE can keep TRS/CSI-RS configuration of it.
The TRS/CSI-RS availability indication in semi-static manner may be considered when availability of stable TRS/CSI-RS assumption can be guaranteed. However, it should be noted that transmitting reference signals periodically for a long duration is not preferable from the perspective of the network overhead and power consumption. 

2.2 Impact on PDSCH 
In connected mode, UE shall assume that REs corresponding to the configured or dynamically indicated resources for CSI-RS are not available for PDSCH. Likewise, PDSCH RE mapping for idle/inactive mode UEs with consideration of TRS/CSI-RS configurations should be determined. One possible approach is to follow the RE mapping principle for connected mode UEs. In this approach, REs that can be used for TRS/CSI-RS are set to be non-available REs for the PDSCH RE mapping. However it should be noted that legacy UEs cannot assume non-availability of those REs, so PDSCH decoding will be failed. Alternatively puncturing PDSCH REs that overlaps TRS/CSI-RS can be considered as well. Although decoding performance of it may be degraded compared to the rate matching method, puncturing method can guarantee PDSCH sharing regardless of the prior information on TRS/CSI-RS occasion(s). Since PDSCH RE mapping rule affects the PDSCH decoding performance of the UEs, details should be discussed further carefully. 
Proposal 3: Study how to handle PDSCH REs overlap with TRS/CSI-RS occasion(s).

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: Confirm the working assumption. 
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
• FFS whether and how to enable/disable L1 based availability indication configurable by SIB 
Proposal 2: The L1 based signaling can indicate available duration for the TRS/CSI-RS occasion(s). 
- FFS: Details including the length of duration and its indication method
Proposal 3: Study how to handle PDSCH REs overlap with TRS/CSI-RS occasion(s).

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