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Introduction
In the RAN1#104-e meeting, the agreements [1] in the appendix were achieved regarding potential TRS/CSI-RS occasion(s) for idle/inactive UEs. Starting from that, this contribution shares our views on more detailed enhancement for TRS/CSI-RS occasions for idle/inactive-mode UE power saving.

Discussion

Signaling support on informing TRS/CSI-RS availability
It has been agreed that IDLE/INACTIVE UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE based on explicit indication. In addition, UE is not supposed to blind detect the presence/absence of the TRS/CSI-RS.
To facilitate the discussion, brief analysis on several possible ways are:
· By SI modification procedure
· In this option, detailed TRS/CSI-RS configuration parameters and availability are both configured by SI but could be in different SIBs. In case the availability needs to be changed, the SI modification procedure can be used.
· Pros: The advantage is the low specification effort.
· Cons: The latency can be large, which depends on which SIB is used to carry ON/OFF indication to inform the availability. The worst case delay for SIB1 is 160ms. But for other SIBs, the latency is longer. In addition, the SI modification indication would be sent in all candidates of paging resource in order to inform all UEs in the cell including RRC_IDLE/INACTIVE/CONNCECTED. Frequent usage has large network overhead and increased UE power consumption. On the other hand, if the TRS/CSI-RS availability changing frequency is same with the order of usual SI modification operation, the network overhead and UE power consumption are within acceptable levels.

· By paging DCI
· From the overhead perspective, this also requires overhead of all paging PDCCH in any of the POs in a paging cycle as it needs to be informed to all UEs in the cell assuming UE wakes up only once per DRX cycle. However, if comparing with the SI modification procedure, during the SI modification period, gNB needs to send paging message with systemInfoModification = true. Because the minimum modification period coefficient is n2 which stands for 2 DRX cycle. The overhead is still less than that of SIB modification. If UE wakes up two times per DRX cycle i.e. one for ordinally paging cycle and one for cell common paging in order to avoid all paging PDCCH indications, the network overhead can be minimized but the UE power consumption increases.
· From the UE power consumption perspective of obtaining TRS/CSI-RS availability, UE does not have to receive SIB again so it is better than using SIB modification.
· As this is via L1 signaling, the latency is much shorter than using SIB modification procedure.

· By paging early indication
· The main motivation to introduce the TRS/CSI-RS for INACTIVE/IDLE UEs is to facilitate the time/frequency tracking before paging. Thus, if TRS/CSI-RS availability is only informed to UEs that will be paged, PEI can be used to implicitly inform the availability of the TRS/CSI-RS when PEI indicates the positive paging although the concern of the time and frequency tracking error accumulation is not resolved. The control overhead of informing is zero in this case. 
· If the TRS/CSI-RS availability needs to be informed to all INACTIVE/IDLE UEs in order to prevent the time and frequency tracking error accumulation, PEI can also fulfill this purpose by explicit indication of at least one DRX cycle before i.e. UE is able to know whether in the next DRX cycle TRS/CSI-RS is available or not. The control overhead is still less than above two options.
· Also, as L1 signaling, the UE application time is shorter than SI modification procedure.
Based on the above analysis, L1 indication on the availability of TRS/CSI-RS is more preferable because of less control overhead and shorter latency. Based on the assumption of UE behavior when PEI is not detected, network may or may not always transmit PEI before PO. In addition, PEI based indication is not usable when PEI is not configured. Thus PEI and paging based availability indication can both be supported.
Proposal 1: L1 (PEI and paging based) TRS/CSI-RS availability indication is supported.

Beam related operation
To facilitate better time/frequency tracking, the QCL parameter with SSB index and power offset with SSB are necessary. Since the TRS/CSI-RS is shared from the RS transmitted for RRC CONNECT mode UEs, if the RS was originally configured with QCL with SSB index, it should also be included in the configuration parameters in the SIB. 
The following agreement was reached in the RAN1#104 meeting:
	Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: TCI state from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details 
· FFS details
· Other alternatives are not precluded



From the above two alternatives, our thinking is Alt-1 is less restricted than Alt-2. The Alt-2 requires that the TRS/CSI-RS shared from RRC CONNECTED UEs is actually transmitted in a beam sweeping way, which limits the gNB implementation of sharing RS.
As the TRS/CSI-RS occasions is configured and informed to RRC IDLE/INACTIVE UEs, there should not be association with the concept of TCI state, which is only used for RRC CONNECT UEs.
Proposal 2: QCL parameter with SSB index and power offset with SSB should be explicitly indicated in the TRS/CSI-RS configuration in SIB.

Aspects related to initial DL BWP
Regarding the SCS configuration of TRS/CSI-RS and the frequency locations of TRS/CSI-RS occasions, the basic assumption of the UE behavior should be aligned. If IDLE/INACTIVE UE is supposed to receive serving cell signal/channel only within initial BWP, it is reasonable assumption that SCS and frequency location limitation should follow the configuration of initial BWP. 
On the other hand, allowing SCS different from that of initial DL BWP is also possible operation that gNB may schedule certain RRC CONNCTED UEs with frequency resource overlapping with initial DL BWP but with SCS different from that of initial DL BWP. Then the TRS/CSI-RS with different SCS can be shared with IDLE/INACTIVE UEs. So far, we do not think it is typical operation and the technical merit is not so clear, considering the sharing of TRS/CSI-RS requires a relatively stable existence or presence.
Proposal 3: The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as initial DL BWP. 
Regarding the frequency location, as long as the UE reception of the TRS/CSI-RS is concerning the assistance of the paging monitoring and RRM measurement of the camped cell, the bandwidth within initial DL BWP can be just sufficient for IDLE/INACTIVE UEs. However, from the network point of view, the actually transmitted RS shared from CONNECTED UEs could be not necessarily restricted by initial DL BWP. Figure.1 below briefly gives some examples.

                                            Figure.1 Examples of TRS/CSI-RS transmission not restricted by initial DL BWP

Even if the cases in Figure.1 happen, UE can still be informed about the frequency location of TRS/CSI-RS but just receive the part than fall within the initial DL BWP. This is reasonable operation such that gNB implementation can be more flexible with configurations for CONNECTED UEs and in the meanwhile, the IDLE/INACTIVE UEs is benefited by the RS sharing as much as possible. Therefore, out of the two alternatives in the below agreements, we support the Alt-2.
	Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.


Proposal 4: The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial DL BWP. IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: L1 (PEI and paging based) TRS/CSI-RS availability indication is supported.
Proposal 2: QCL parameter with SSB index and power offset with SSB should be explicitly indicated in the TRS/CSI-RS configuration in SIB.
Proposal 3: The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as initial DL BWP. 
Proposal 4: The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial DL BWP. IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
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Appendix: Agreements from RAN1#104-e meeting

Agreements:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB.
· nrofRBs,
· FFS other parameters
· FFS applicable values

Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-eRAN1#105-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 


Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)


Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).

Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.

Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.


Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: TCI state from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details 
· FFS details
· Other alternatives are not precluded



Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.
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