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1 Introduction
In RAN1#105 e-meeting [1], the following were agreed:
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

Both SIB based signaling and L1 based signaling provide the same availability information but transmitted in different time according to configured monitoring occasions. No SI update notification in paging PDCCCH for any update of the availability information in SIB.

This contribution discusses design aspects to support potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive mode UEs, including
· Availability indication 
· Configuration details

2 Explicit Availability Indication
2.1 L1 based signaling method
In RAN1#105e meeting [1], a working assumption was agreed to support paging PDCCH or PDCCH based PEI for the availability indication of TRS/CSI-RS occasions for idle/inactive UEs. PEI is a new feature to be supported in Rel-17, and may not be configured by gNB all the time. So, it’s necessary to support at least paging PDCCH based availability indication. The reserved bits in legacy paging PDCCH can be used for the availability indication. Currently, there are 6 reserved bits in short message and additional 8 reserved bits DCI format 0_1 with CRC scrambled by P-RNTI. So the legacy paging PDCCH can support up to 14 bits without increase of resource overhead and impact to legacy signal/channel. 

Proposal 1: Confirm the WA to support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

When PEI is enabled, the physical layer signal/channel of PEI can be reused for the availability indication of idle/inactive mode TRS/CSI-RS occasions. Compared with paging PDCCH based signalling, UE may be able to achieve higher power saving gain if gNB wants to transmit availability indication but no UE is paged. In this scenario, UE only needs to receive PEI but not paging PDCCH to get the availability indication. However, if the availability indication is transmitted by gNB, meanwhile there is coming paging message for some UEs. The gNB will transmit PEI to indicate paging PDCCH reception. So, UE has to wake up for both PEI reception and paging PDCCH reception. In this case, the performance for PEI based signalling and paging DCI based signalling for the availability indication is same. 

We expect the performance difference for PEI based signalling and paging PDCCH based signalling to be small considering that fact that the availability indication doesn’t have to be updated frequently. gNB can share cell-specific TRS resources used by connected UEs to the idle/inactive mode UEs, where the availability is stable. Also, gNB can provide the validity time of any availability indication, then the availability information will be expired automatically without a demand for fast signalling to avoid any misunderstanding. To conclude, gNB has high flexibility to transmit the availability indication at a low rate to balance the resource overhead and UE power saving gain. 

Observation 1: The performance of PEI based signalling and paging PDCCH based signalling is small if gNB doesn’t expect to transmit the availability indication frequently. 

Also, the feasibility of PEI based availability indication is not clear since the L1 signal/channel design of PEI is still under discussion. It’s no clear whether or not there is additional capability for availability indication. The availability indication for idle/inactive mode TRS/CSI-RS occasion(s) should not be forced as a mandatory feature for PEI design.  

Lastly, there will be an issue to bundle function of PEI and function of availability indication together. For PDCCH based PEI, gNB has to transmit the entire DCI format to provide the availability indication even for the case when no UE is paged. So, the resource overhead for PEI transmission will increased. For RS based PEI, it may be more flexible to share the common L1 signal/channel for supporting the two functionalities.  For example, a sequence mapping can be provided dedicatedly for the availability indication. 

Observation 2: RS based PEI requires lower resource overhead than PDCCH based PEI for providing the explicit availability indication by decoupling the two functionalities. 

To sum up, we don’t see a strong motivation to support two L1 based signalling for availability indication considering the large specification efforts and limited gain. 

Proposal 2: Deprioritize supporting PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

2.2 SIB-based availability indication
SIB based signalling is beneficial for many use cases to provide availability indication of TRS/CSI-RS occasions for idle/inactive UEs. In one use case, gNB can avoid resource overhead for availability indication via L1 signalling when the availability information doesn’t change frequently. UE can reuse the SI update procedure to get any update of the availability information. In another use case, SIB based availability indication can be used together with L1 based singling. For example, SIB based availability indication can indicate a default mode of the availability information, a UE can switch to the default mode when L1 based availability indication expires.  Also, when a UE enters a cell or switches to idle/inactive mode right after the last round of L1 signalling based availability indication, the UE doesn’t have to wait for the next round of L1 based signalling, which may not happen in a short time. The UE can use the default availability information in SIB and start utilizing idle/inactive TRS/CSI-RS occasion(s) for power saving as soon as possible. 

Proposal 3: Support SIB based signalling for availability information of TRS/CSI-RS occasions for idle/inactive UEs as a default mode when L1 based signalling is not configured or expires. 

SIB based signalling can also be supported simultaneously with L1 based signalling. The same availability indication can be carried in both SIB based signalling and L1 based signalling at different transmission time. UE can choose to monitor either L1 based signalling or SIB based signalling based on its preference for power saving. For a UE with high mobility, the UE can get the availability information from SIB before paging reception. For a stationary UE, the UE can get latest availability indication by monitoring L1 based signalling only. Since gNB will provide the details of availability information by L1 based signalling, gNB doesn’t need to trigger a SI update for the update of the availability information.

Proposal 4: Same availability information of TRS/CSI-RS occasions for idle/inactive UEs can be provided in both SIB based signalling and L1 based signalling. 
· Note: SI update notification in paging PDCCCH is not needed for updating of the availability information in SIB if the availability information in SIB duplicates with the availability information in L1 based signalling. 

2.3 Validity time of an availability indication
In addition to the identity of available TRS/CSI-RS resources, idle/inactive mode UE has to determine the effective duration of the availability indication. The simplest solution is to consider the infinite effective time, where a UE assumes the indicated RS resources are always available before the UE receives another indication to indicate other available resources. Otherwise, the effective duration can be provided to UE as well. The UE can switch to a default mode, for example, no RS resources are available, if a timer of the indicated effective duration expires and UE doesn’t receive another available indication. So, it’s beneficial to support the validity time to provide gNB flexibility to balance the signalling overhead and UE power saving gain. With the validity time, gNB doesn’t need to update the availability information to idle/inactive UE periodically in each DRX cycle. Also, gNB can indicate the available resources on demand, and doesn’t need to specifically signal unavailability. 

Observation 3: Validity time for an availability indication is beneficial for reducing signalling overhead and improving signalling flexibility on gNB. 

According to the FL summary in RAN1#105-e meeting [2], there are three alternatives proposed by companies to indicate the validity time for L1 based availability indication. The L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration that can be determined based on at least one or more alternatives from the following:
· Alt 1: Configured by higher layer
· Alt 2: A window before a PO 
· Alt 3: Included in the availability indication
· A combination of alternatives is not precluded. 

For Alt1, a cell-specific validity time can be provided by higher layer. As illustrated in Figure 1, the validity time can be used to indicate a monitoring window for CSI-RS/TRS resource reception which is common to all idle/inactive UEs. Since the L1 based availability indication is transmitted in different POs, a reference point is necessary to determine the valid monitoring window. For example, an offset relative to starting of a DRX cycle can be used to determine the valid monitoring window for the idle/inactive mode CSI-RS/TRS. 


Figure 1: Illustration of valid reception window based on validity time of an availability indication configured by higher layer.

For Alt2, a monitoring window for CSI-RS/TRS resources reception can be determined based on a validity time relative to start of a PO as illustrated in Figure 2. For example, the monitoring window can be time duration between the end of L1 signal/channel carries the availability indication and the start of an associated PO. The effective duration can also be a number of DRX cycles. However, the resources of TRS/CSI-RS occasions for idle/inactive UEs are shared from RRC_CONNECTED state, so there is no association or dependence between available resources and PO/DRX cycle. It’s hard for gNB to provide validity time associated with PO. Also, UE has different requirements on the number of resources needed for resynchronization before a PO, depending on real-time channel condition. It’s better to provide the complete availability information for all available resources to UEs, and UE can choose the actual CSI-RS/TRS resource to measure by UE implementation. 



Figure 2: Illustration of valid reception window based on a window before a PO

For Alt3, it can be considered to provide dynamic adaptation on the validity time of the availability indication. However, there is a cost of high L1 based signalling overhead. A combination of Alt 1 and Alt3 can be considered to balance signalling overhead and power saving gain. For example, candidates of validity time can be configured via higher layer while actual validity time can be indicated by L1 based signalling. The L1 signalling design regarding availability indication of available TRS/CSI-RS resources should be prioritized and completed first. The discussion on Alt3 can be postponed or deprioritized. 

Proposal 5: L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration configured by higher layer
· FFS L1 based signalling of the valid time duration. 


3 Configuration 
RRC parameters for CSI-RS configuration in RRC_CONNECTED state is summarized in Figure 3 based on legacy specification [3]. 

[image: ]Figure 3: Rel-15/16 configuration of CSI-RS resource set.for connected mode UEs

According to FL summary in RAN1 105-e meeting [2], there are alternatives proposed to reduce configuration overhead for TRS/CSI-RS occasion(s) for idle/inactive UEs, including
· Alt1: The common configuration parameter per RS resource set, or group of sets
· Alt2: gNB provides a ‘reference configuration’, and each configured resource can have a ‘delta-configuration’ compared with the reference one
· Alt3: Predefine or fix a part of TRS parameters in specification
· Alt4: Number of RS resources/configurations be minimized
· Alt5: Configure TRS/CSI-RS SMTC, e.g. similar as SMTC for mobility
· Alt6: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s)

Alt1 shares the same principle as Rel-15/16 configuration of NZP-CSI-RS resource set. Since the RS resources for TRS/CSI-RS occasion(s) are shared from connected mode, it makes senses to reuse the Rel-15/16 configurations of NZP-CSI-RS resources. Alt 2 or Alt 4 can be further studied within the scope of RAN2 if there RAN2 identifies issues of configuration overhead. 

Observation 4: Rel-15/16 configuration of NZP-CSI-RS resource set can be reused for configuration of RS resources for TRS/CSI-RS occasion(s) for idle/inactive UEs,  

In the past RAN1 meetings, we have achieved much progress regarding configuration to support TRS/CSI-RS occasion(s) for idle/inactive UEs. It’s necessary to send an LS to report the progress and RAN1’s understanding about potential issues if any. RAN2 can further determine whether or how to reduce configuration overhead.

Proposal 6: Send LS to RAN2 to report RAN1 progress on supporting TRS/CSI-RS occasions for idle/inactive UEs, including
· configuration parameters and corresponding applicable values needed, 
· RAN1’s understanding of reusing Rel-15 configuration of NZP-CSI-RS resources, and
· SIB based availability indication if supported. 

The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is an important configuration aspect. In RAN1-105-e meeting, it was agreed to support configuration of QCL information in terms of SSB index. There are two remaining issues as follows:
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined

In NR Rel-15/16, the QCL information is configured per RS resource as illustrated in Figure 3. The same principle can be reused without any issue. Regarding the QCL type, since the TRS/CSI-RS occasions are only for idle/inactive UEs, QCL-typeD for FR2, ‘ QCL-typeC’ for FR1 is sufficient. 

Proposal 7: Support QCL information configured per RS resource for TRS/CSI-RS occasion(s) for idle/inactive UEs, and QCL-typeD for FR2, ‘ QCL-typeC’ for FR1. 


4 Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. Following proposals and observation were made:
Observation 1: The performance of PEI based signalling and paging PDCCH based signalling is small if gNB doesn’t expect to transmit the availability indication frequently. 

Observation 2: RS based PEI requires lower resource overhead than PDCCH based PEI for providing the explicit availability indication by decoupling the two functionalities. 

Observation 3: Validity time for an availability indication is beneficial for reducing signalling overhead and improving signalling flexibility on gNB. 

Proposal 1: Confirm the WA to support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 2: Deprioritize supporting PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 3: Support SIB based signalling for availability information of TRS/CSI-RS occasions for idle/inactive UEs as a default mode when L1 based signalling is not configured or expires. 

Proposal 4: Same availability information of TRS/CSI-RS occasions for idle/inactive UEs can be provided in both SIB based signalling and L1 based signalling. 
· Note: SI update notification in paging PDCCCH is not needed for updating of the availability information in SIB if the availability information in SIB duplicates with the availability information in L1 based signalling. 

Proposal 5: L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration configured by higher layer
· FFS L1 based signalling of the valid time duration. 

Proposal 6: Send LS to RAN2 to report RAN1 progress on supporting TRS/CSI-RS occasions for idle/inactive UEs, including
· configuration parameters and corresponding applicable values needed, 
· RAN1’s understanding of reusing Rel-15 configuration of NZP-CSI-RS resources, and
· SIB based availability indication if supported. 

Proposal 7: Support QCL information configured per RS resource for TRS/CSI-RS occasion(s) for idle/inactive UEs, and QCL-typeD for FR2, ‘ QCL-typeC’ for FR1. 
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