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1 Introduction
In RAN1#104 e-meeting [1], the following were agreed:
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.

This contribution discusses design aspects for supporting TRS/CSI-RS for idle/inactive UEs. 

2 Design aspects of TRS/CSI-RS for idle/inactive UEs
We consider the following design aspects in order to support potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive mode UEs,
· Availability indication of TRS/CSI-RS occasion(s) for idle/inactive UEs
· RS type 
· Configuration of TRS/CSI-RS resources for idle/inactive UEs
2.1 Explicit Availability Indication of TRS/CSI-RS occasions for idle/inactive UEs
It was agreed in last meeting to support explicate indication of the availability of TRS/CSI-RS at configured occasion(s) for idle/inactive mode UEs. The details of signalling methods and information of the indication are open for discussion. 

For the signalling method, the availability indication can be provided to UE either by L1 signal/channel, such as paging PDCCH, or by higher layers, such as SIB. One advantage of SIB-based indication is large information size. Another advantage of SIB-based indication is periodic transmission, so UE doesn’t have to do blind decoding to get the indication. Also for new idle/inactive UEs, the UE can get the initial available indication fast in case NW doesn’t update the availability in L1 signal/channel for a long time. However, the cost is large UE power consumption. UE has to decode paging PDCCH to be informed of system information update first. In addition, the UE has to decode PBCH for configuration of Type0-CSS set, and then the SIB1 or additional SIB to finally get the availability indication. 

For L1 signal/channel based indication, the power consumption is low, but the information size for the availability indication is limited. The following L1 signal/channel can be considered for availability indication
· Alt1: legacy PDCCH
· Alt2: MIB
· Alt3: Rel-17 paging early indication (PEI)

For Alt1, 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. 

For Alt2, there are 1 bit and 3 bits reserved for RF1 and RF2, respectively in MIB. The reserved bits may not be enough for availability indication. 

For Alt3, the L1 signal/channel for PEI is still under discussion. There will be performance degradation to PEI reception if the L1 signal/channel is reused for the availability indication regardless of whether it’s PDCCH based PEI or RS-based PEI. Therefore, it’s better to decouple the two functionalities. Also, the availability of PEI is restricted by paging reception as PEI will only be transmitted on-demand according to whether or not there are paging PDCCH during PO.

Therefore, we propose to consider both paging PDCCH and SIB for carrying the availability indication, where paging PDCCH can be considered for frequently updated availability indication, while SIB can be considered for the more static availability indication. 

Proposal 1: Support paging PDCCH and/or SIB for availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 
 
For the details of information of the availability indication, a UE should be provided with at least the identities of available RS resources. To reduce the information size, instead of indicating each of available RS resource, available RS resources can be provided to UE either per a RS resource set or per a group of more than one RS sets. 

Proposal 2: Support indication of available TRS/CSI-RS resource set(s) for idle/inactive UEs. 

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 available, if a timer of the indicated effective duration expires and UE doesn’t receive another available indication. The effective duration can be provided to UE either dynamically based paging PDCCH or semi-statically based on SIB

Proposal 3: Support indication of available duration of TRS/CSI-RS occasions for idle/inactive UEs. 

2.2 RS type
The remaining issue regarding RS type is whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.

According to TS 38.214 [2], TRS is a type of CSI-RS but with restrictions in many configuration aspects, such as periodicity, BW, number of NZP CSI-RS resources sets, and resource location within a slot.

For periodicity of TRS, the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of  slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [TS 38.211]. However, the periodicity for regular CSI-RS can be any of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots [3]. 

For BW of TRS, the following restrictions is specified in TS 38.214 [2], 
· if carrier , ,  and the carrier is configured in paired spectrum, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is X resource blocks, where  resources if the UE indicates trs-AddBW-Set1 for the trs-AdditionalBandwidth capability and  if the UE indicates trs-AddBW-Set2 for the AdditionalBandwidth capability; in these cases, if the UE is configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.

For resource locations within of TRS, a UE can be configured with up to two CSI-RS resource sets, with two RS resources per est. The time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.
Observation l: TRS has many restrictions on configuration parameters that are not necessary for TRS/CSI-RS occasion(s) for idle/inactive UEs.  

Considering the BWP of available CSI-RS/TRS resources in connected mode may not overlap with (initial) BWP for idle/inactive UEs, it’s beneficial to consider more flexible configuration for the available RS resources for idle/inactive mode UEs. More applicable values regarding configuration, such as periodicity and BW, is helpful for resources sharing between connected mode UEs and idle/inactive mode UEs. To reduce configuration overhead, we can at least support partial CSI-RS resources that share the common configuration parameters as TRS, for example, consider periodicity CSI-RS with single antenna port and no CDM type. Since the idle/inactive mode TRS/CSI-RS occasion(s) will be used for measurement purpose, distinguish between TRS or CSI-RS can be ignored, for example, the configuration parameter trs-Info, can be omitted. 

Proposal 4: Support common configuration parameters for RS resource at configured TRS/CSI-RS occasions for idle/inactive UEs regardless of RS type. 

Another advantage of supporting periodic CSI-RS in addition to periodic TRS is increased availability of TRS/CSI-RS occasion(s) from connected mode UEs. Currently, NR supports three functionalities based on CSI-RS resources in connected mode, including a) CSI measurement and report, b) tracking, and c) L1-RSRP computation and mobility measurement. In addition to TRS, it’s beneficial to reuse available CSI-RS resources for L1-RSPR computation and mobility in connected mode for idle/inactive mode UEs. 
Therefore, we propose to support at least partial periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs with negligible additional configuration overhead. 

Proposal 5: Support some periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs, including at least 
· CSI-RS for L1-RSRP report available in RRC connected mode, and 
· CSI-RS with single antenna port and no CDM type. 

2.3 Configuration of TRS/CSI-RS resources for idle/inactive UEs

In RAN1#104-e, the following configuration parameters were supported, where the applicable values for them are to be determined. 
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB, nrofRBs,

For powerControlOffsetSS and scramblingID, the same applicable values as defined in [3] for connected mode UEs can be reused. 

Proposal 6: Support applicable values of {db-3, db0, db3, db6} for powerControlOffsetSS of TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 7: Support a length of 10bits for scramblingID of TRS/CSI-RS occasion(s) for idle/inactive UEs.

For firstOFDMSymbolInTimeDomain, as elaborated in Section 2.2, the restriction on TRS only can be ignored, such that the applicable value can be {0-13}

Proposal 8: Support value in range of 0 to 13 for firstOFDMSymbolInTimeDomain of TRS/CSI-RS occasion(s) for idle/inactive UEs.

For startingRB, and nrofRBs, the applicable values can be (0..maxNrofPhysicalResourceBlocks-1), where maxNrofPhysicalResourceBlocks can be predetermined, and not restricted by the BW of initial BWP for the benefit of high configuration flexibility.

Proposal 9: Support startingRB and nrofRBs with applicable value in range of (0..maxNrofPhysicalResourceBlocks-1), where maxNrofPhysicalResourceBlocks can be larger than maximum number of RBs of initial BWP for TRS/CSI-RS occasion(s) for idle/inactive UEs.

For SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs, two alternatives were agreed for down-selected from last meeting,
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Both Alt1 and Alt2 works. We prefer Alt1 for the benefit of configuration overhead reduction.

Proposal 10: Support SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs same as initial BWP.

For the configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs, two alternatives were agreed for down-selected from last meeting, 
· 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.
Since the TRS/CSI-RS occasion(s) for idle/inactive UEs are based on available RS resources for connected UEs. The available RS resources from connected mode may only be partial overlaps with initial DL BWP. So, it’s better to be flexible about the configuration of RS resources for better availability.

Proposal 11: Support configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs not restricted by initial BWP. 


For QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs, two alternatives were agreed for down-selected from last meeting,
· Alt-1: 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 
The fixed assumption based on Alt-2 cannot be guaranteed for TRS/CSI-RS occasion(s) based on available RS resources from connected mode. So, we support Alt-1. 

Proposal 12: Support QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS.


3. Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. Following proposals and observation were made:
Observation l: TRS has many restrictions on configuration parameters that are not necessary for TRS/CSI-RS occasion(s) for idle/inactive UEs.  

Proposal 1: Support paging PDCCH and/or SIB for availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 
 
Proposal 2: Support indication of available TRS/CSI-RS resource set(s) for idle/inactive UEs. 

Proposal 3: Support indication of available duration of TRS/CSI-RS occasions for idle/inactive UEs. 

Proposal 4: Support common configuration parameters for RS resource at configured TRS/CSI-RS occasions for idle/inactive UEs regardless of RS type. 

Proposal 5: Support some periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs, including at least 
· CSI-RS for L1-RSRP report available in RRC connected mode, and 
· CSI-RS with single antenna port and no CDM type. 

Proposal 6: Support applicable values of {db-3, db0, db3, db6} for powerControlOffsetSS of TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 7: Support a length of 10bits for scramblingID of TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 8: Support value in range of 0 to 13 for firstOFDMSymbolInTimeDomain of TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 9: Support startingRB and nrofRBs with applicable value in range of (0..maxNrofPhysicalResourceBlocks-1), where maxNrofPhysicalResourceBlocks can be larger than maximum number of RBs of initial BWP for TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 10: Support SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs same as initial BWP.

Proposal 11: Support configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs not restricted by initial BWP. 

Proposal 12: Support QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS.
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