3GPP TSG RAN WG1 #106-e	                                                          R1-2107870             
e-Meeting, August 16th - 27th, 2021

Source:	NTT DOCOMO, INC.
Title:	Discussion on TRS/CSI-RS occasion for idle/inactive UEs
[bookmark: Source]Agenda Item:	8.7.1.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#105-e meeting, TRS/CSI-RS occasion for idle/inactive UEs were discussed and RAN1 made following agreements [1].
	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
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources

Agreement:
Support applicable values for the following configuration parameters as below.
· powerControlOffsetSS: {-3, 0, 3, 6}dB
· scramblingID: 0 to 1023
· firstOFDMSymbolInTimeDomain: 0 to 9 
· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
· startingRB: 0 to 274
· nrofRBs: 24 to 276
  
Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

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

Agreement:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB
· FFS Configuration index
· details, 
· E.g. Per resource or resource set or group of resource sets
· E.g. explicit or implicit indication based on QCL source 

Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
· FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously



In this contribution, we discuss potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs.

2. Discussion
2.1. Explicit availability Indication 
Currently, Idle/inactive-mode UE uses only SSB transmitted at a cell as reference signal for the behaviour such as time/frequency tracking. However, when TRS/CSI-RS is transmitted for connected-mode UE which camps on the cell, the opportunity when the idle/inactive-mode UEs can obtain reference signal can be increased in order to reduce UE power consumption while system overhead is not increased. 
In the last meeting, we discussed whether or not to inform the idle/inactive UE of the availability of TRS/CSI-RS at the configured occasion(s) by L1 signling and/or SIB. In our understanding, PEI is the best way for informing availability of TRS  because there is no additional signal for UE and NW, and it can indicate the availability right before TRS location. However, for the UE which does not support PEI, the candidates of the indication method are paging PDCCH and SIB, and then paging PDCCH is better way than SIB. In our view, availability indication using SIB requires more UE power consumption compared to PEI and paging DCI. When the state of TRS transmission at the gNB side varies, NW has to trigger UE by paging. And then, UE must receive paging PDCCH/PDSCH and acquire SIB information, it is waste actions to get information of availability. Also, considering the case that the availability condition at the NW side is frequently changed, UE needs to wake up at paging occasion only to know SI update and try to receive SIB frequently. It also causes wasteful power consumption even for legacy UEs. Some company mentioned that informing availability of TRS/CSI-RS by SIB should be supported because it is beneficial when availability information doesn’t change frequently. However, in our understanding, SIB based signalling is duplicate solution. The availability indication by paging DCI is also suitable for the use cases where SIB based signalling is applicable if validity timer of TRS availability is introduced. For example, when the availability is informed by paging PDCCH, the timer (re)starts, and then UE assumes TRS/CSI-RS can be obtained until the timer expiration. After the timer expires, i.e., paging PDCCH including the availability indication has not been received for the timer period, the UE assumes no TRS/CSI-RS can be obtained. The configuration of the timer period can be indicated, e.g., via SIB. If there is no such timer, NW needs to send paging PDCCH only for the availability indication sometimes, and in order to avoid it, the validity timer should be introduced.
From the above, informing availability of TRS by SIB increases the power consumption on legacy UE and Rel-17 UE. On the other hand, if validity timer is introduced, L1 signalling can be used to efficiently inform availability of TRS. Hence, L1 signalling is sufficient as a method to inform availability. The benefit to introduce SIB based signalling seems pretty weak.

Proposal 1: The validity timer of the availability of TRS/CSI-RS should be supported. 
· When the availability is informed e.g., by paging PDCCH, the timer (re)starts, and then after the timer expires, i.e., the availability indication has not been received for the timer period, the UE assumes no TRS/CSI-RS can be obtained.
· The time period can be configured, e.g., via SIB.
Proposal 2: Only paging DCI and/or paging early indication should be adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE.

Considering the timeline of Rel-17, RAN1 has only three more meetings, and hence RAN1 should focus the essential topics first, e.g., whether to notify availability / non-availability information of all or part of the configured RS resources, whether it is a bitmap or  code point or how the QCL information can be configured and so on. It was already agreed that L1-based availability indication is supported, and this signalling method is sufficient in many use cases when the validity timer is adopted. It is the minor optimization discussion whether or not to support SIB-based availability indication additionally, and SIB-based availability indication should be deprioritized until essential discussion is over.

Proposal 3: SIB-based availability indication should be deprioritized until essential discussion is over.

Regarding the location of the TRS/CSI-RS for idle/inactive mode UE, when availability of TRS/CSI-RS is indicated by paging DCI, it would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO. In this case, if the TRS/CSI-RS is available, UE just wakes up near PO and performs time/frequency tracking and AGC by the TRS/CSI-RS located near PO since UE does not need to receive several SSBs before PO for time/frequency tracking and AGC. Thus, the UE can enjoy longer deep sleep time and save the power consumption. Also, when availability of TRS/CSI-RS is indicated by DCI-based paging early indication, it would be beneficial that TRS/CSI-RS for idle/inactive-mode UE is located in front of PO as well. If TRS/CSI-RS is located immediately after DCI-based paging early indication, the UE may not have sufficient time to decode paging early indication between paging early indication and TRS/CSI-RS.

Observation 1: It would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO.

Regarding the contents of the availability indication, in the previous meeting, it was discussed whether or not to indicate availability information for all or some of configured RS resources. In the case of informing UE of availability of TRS configuration by Paging PDCCH, it’s not clear which beam is best for the UE in the next cycle. Hence, in this case, the UE needs to be notified about some or all availabilities of all configured TRS resource(s). On the other hand, in the case of informing UE of availability of TRS configuration by PEI, it is unlikely the best beam for the UE between PEI and PO. Hence, it would be enough to notify the UE of only one TRS resource with same beam from all configured TRS resource(s). 
Also, when informing UE of some availabilities of multiple TRS resource(s), it is not always possible to reduce the overhead compared to the bitmap. For example, in the case that 3 out of 8 TRS availability is informed, it is 8 bits when notified by bitmap, while it is 9 bits when notified by codepoint. On the other hand, in the case that Idle/Inactive mode UE is informed of only one availability of TRS, utilizing codepoint is good way to reduce overhead.  

Observation 2: Depending on the availability indication method, the UE doesn’t necessarily have to be notified of the availability of all configured TRSs.

In the last meeting, we discussed whether or not to inform the idle/inactive UE of the availability of TRS/CSI-RS at the configured occasion(s) by PEI. If gNB informs the idle/inactive UE of the availability of TRS/CSI-RS by PEI, we need to define the UE behavior in the case that the UE cannot detect the PEI in case of BehvB. In the case that only paging early indication is adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE, UE should assume not to use  TRS/CSI-RS for time/frequency tracking when UE can’t detect PEI.  In other words, UE should only use SSBs for time/frequency tracking in that case. Also, in the case that paging early indication and paging DCI (and/or SIB) is adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE, UE behaviour should be considered whether or not to use TRS/CSI-RS for time/frequency tracking when UE can’t detect PEI.

Proposal 4:  When PEI is adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE, UE behaviour should be considered whether or not to use TRS/CSI-RS for time/frequency tracking when UE can’t detect PEI.
2.2 Configuration
In the last meeting, we discussed how to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE. In the case where multiple TRS resource(s) are configured for idle/inactive UE, it is important to reduce the SIB overhead. One way to reduce the SIB overhead is to apply the common configuration parameter among RS resource sets, or groups of sets. Some configuration parameters, e.g. at least startingRB and nrofRBs, can be common configuration parameter because the value of those should be typically same among RS resource sets. Thus, it is not necessary to notify UE of specific parameters per each resource. 

Proposal 5:  The common configuration parameter among RS resource sets, or groups of sets should be supported to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE.

3. Conclusion
In this contribution, potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs was discussed. Based on the discussion, the following observations and proposals were made:
Observation 1: It would be beneficial that TRS/CSI-RS for idle/inactive mode UE is located in front of PO.
Observation 2: Depending on the availability indication method, the UE doesn’t necessarily have to be notified of the availability of all configured TRSs.
Proposal 1: The validity timer of the availability of TRS/CSI-RS should be supported. 
· When the availability is informed e.g., by paging PDCCH, the timer (re)starts, and then after the timer expires, i.e., the availability indication has not been received for the timer period, the UE assumes no TRS/CSI-RS can be obtained.
· The time period can be configured, e.g., via SIB.
Proposal 2: Only Paging DCI and/or paging early indication should be adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE.
Proposal 3: SIB-based availability indication should be deprioritized until essential discussion is over.
Proposal 4:  When PEI is adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE, UE behaviour should be considered whether or not to use TRS/CSI-RS for time/frequency tracking when UE can’t detect PEI.
Proposal 5:  The common configuration parameter among RS resource sets, or groups of sets should be supported to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE.
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