3GPP TSG RAN WG1 #105-bis            	                                       R1-2105322
e-Meeting, May 10th – May 27th, 2021
Agenda Item:		8.7.1.2
Source:			Samsung
Title:			Discussion on TRS/CSI-RS for idle/inactive UEs
Document for:		Discussion and decision
1 Introduction
In RAN1#104bis e-meeting [1], the following were agreed:
Agreement:
SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as SCS of CORESET#0.

Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· FFS details of the QCL information, e.g. associated SSB index

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

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 signaling

Agreement:
Configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only, including following limitations
· Configuration parameters that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· Applicable values that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· If the configuration is provided, idle/inactive UEs can always implicitly assume that trs-info is configured. 
· The parameter trs-info does not need to be provided in the configuration

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, one or more alternatives from the following can be supported:
· Alt1: Availability/unavailability information for all or some of 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  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded

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
It was agreed in RAN1#104-e 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. 
2.1 Signaling method
In last RAN1 meeting, we agreed to support at least L1 signal/channel based indication, such as paging PDCCH and/or PEI. Since PEI may not be configured by gNB, 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: Support paging PDCCH based explicit availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

For PEI based signalling, the feasibility of PEI based availability indication is not clear. First of all, there may not be additional capability of PEI to provide additional information regarding availability indication. 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 capability of PEI regarding additional information indication should be prioritized for UE subgroup indication for paging. 

Observation 1: Whether or not PEI is feasible for availability indication depends on the L1 signal/channel design of PEI and also the information size of the availability indication. 

Also, there may be some issues to bundle the two functions of PEI and availability indication together. If PEI is based on PDCCH, gNB has to transmit the entire DCI format to provide the availability indication even for the case when no UE is paged to paging message reception. In this case, the resource overhead for PEI transmission will increased. For RS based PEI, it may be more flexible to provide the availability indication. For example, a sequence can be mapped delicately for the availability indication. 

Observation 2: RS based PEI has lower resource overhead than PDCCH based PEI for providing the explicit availability indication. 

Proposal 2: Whether or not to support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs should be discussed after the completion of L1 signal/channel design of PEI.

SIB based availability indication is beneficial for some use cases. For example, when the availability information doesn’t change frequently, gNB may not update the availability indication via L1 signalling for a long time. For UEs newly enter an idle/inactive state of the cell or switch to the cell after the last time of L1 signalling based availability indication, the UEs may not able to get the availability information for a very long time. In this case, it’s better to provide the availability indication in SIB. Since the same availability indication is provided by L1 signal/channel, there is no need to provide SI update notification in paging PDCCH. 

Proposal 3: Support SIB based availability indication of TRS/CSI-RS occasions for idle/inactive UEs. 
2.2 Indication content
For the details of information of the availability indication, a UE should be provided with at least the identities of available RS resources and corresponding monitoring occasions. Two alternatives were provided in last RAN1 meeting.
· Alt1: Availability/unavailability information for all or some of 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  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources


For Alt1, NW provides availability/unavailability information for all configured RS resources for all UEs or a group of UEs. This method provides high flexibility for NW to indicate all possible available situations for all the configured RS resources in connected mode. However, the signalling overhead can be large, such that the indication content should be 2^N bits to indicate availability/unavailability information for N configured RS resources. 

Alt2 has the advantage of lower signalling overhead compared with Alt1 Instead of indicating the state for each configured RS resources, Alt 2 only indicates identities for configured RS resources that are available, while the RS resources are that are not available can be derived by UE implicitly. In this case, there is one to one mapping between value/codepoints carried in the L1 signaling and corresponding available RS resources. For example, when there are 4 configured RS resources, i.e. Rset0, Rset1, Rset2, Rsets3. A L1 signaling of 2 bits can be utilized to indicate 4 cases of available RS resources, e.g.
· 00: indicate configuration indices associated with all Resources, which indicates all configured resources are available.
· 01: indicate configuration index associated with Rset0 and Rset 1, which indicates Rset0 and Rset 1 are available, but Rset 2 and Rset 3 are not available. 
· 10: indicate configuration index associated with Rset2 and Rset 3, which indicates Rset2 and Rset 3 are available, but Rset 0 and Rset 1 are not available. 
· 11: can be reserved. 
The mapping between value/codepoints carried in the L1 signalling and corresponding available RS resources should be predetermined. The mapping or grouping of RS resources for availability indication by L1 signalling can be configurable by NW. In this way, NW has the flexibility to consider trade-off between signalling overhead and flexibility for availability indication. Alt2 can provide all the states of availability/unavailability of all configured RS resource by Alt1, except for the state when no RS resources are available. However, the state when all RS resources are not available is not worth signalling via L1 signal/channel. It can be indicated by a default mode when no availability indication is provided or by expiring of the availability indication. 

Therefore, we prefer Alt2 for the benefit of low signalling overhead. 

Proposal 4: Support indication of available TRS/CSI-RS resource set(s) for idle/inactive UEs. value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources

2.3 Validity time

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. 

There are many alternatives discussed in last meeting to indicate the validity time for an availability indication, such as
· Alt 1: explicit indication 
·  e.g. in configuration by SIB or included in the availability indication 
· Alt2: duration when SIB-X is populated (present) at a given cell for SIB based availability indication
· Alt3: a window before a PO

Alt1 and Alt2 are applicable for cell-specific indication, such that the effective duration can be provided to UE either dynamically, for example be part of the availability indication by L1 signalling or semi-statically based on SIB. The validity time may also be determined implicitly according to the SIB based configuration or availability indication, for example, equals to the duration when SIB-X is populated (present) at a given cell for SIB based availability indication.  However, If SIB based availability indication is supported, the validity time and available information should be same for both L1 based signalling and SIB based signalling. But Alt2 only applicable for SIB based availability indication. 




Figure 1: Illustration of validity time of an availability indication associated with a PO.

Alternatively, if the availability indication is provided per UE group, for example associated with a PO. The effective duration may be predetermined in terms of number of DRX cycles, as illustrated in Figure 1.  However, since the resources of TRS/CSI-RS occasions for idle/inactive UEs are shared from RRC_CONNECTED state. The relationship between available resources and PO or DRX cycle cannot be guaranteed.  As illustrated in Figure 1, though an availability indication may indicate the available resources only valid in the time window before a PO. There can be resources available outside of the window. UE can how many resources before a PO to measure for resynchronization based on UE implementation.  Therefore, we prefer either Alt1 or Alt2 for the benefit of simple design. 

Proposal 5: An 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 provided to UEs explicitly by SIB or L1 based availability indication.


3 Configuration details
3.1 Configuration parameters and applicable values

RRC parameters for legacy CSI-RS configuration in RRC_CONNECTED state is summarized in Figure 2. 

[image: ]Figure 2: RRC parameters for CSI-RS configuration.

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 applicable values for CSI-RS are same regardless of RS type. Therefore, the same applicable values as defined in [3] for connected mode UEs can be reused directly. 

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 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.
Therefore, firstOFDMSymbolInTimeDomain, for TRS/CSI-RS occasion(s) for idle/inactive UEs can be any value in range of 0 to 13 to support both FR1 and FR2.

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

For frequency band configuration, the configuration of startingRB is common for any type of CSI-RS, so we can reuse the same applicable, i.e. (0..maxNrofPhysicalResourceBlocks-1). But for the configuration of nrofRBs, legacy TRS in RRC_CONNECTED state is the minimum of 52 and  resource blocks, or is equal to  resource blocks. Since the reference BWP is not same, there is no need to restrict the configuration of nrofRBs relative to BW of BWP. For simple design, the applicable value for idle/inactive mode RS configuration can be same as legacy CSI-RS configuration, i.e. {24..maxNrofPhysicalResourceBlocksPlus1}. 

Proposal 9: Support applicable value for startingRB in range of (0..maxNrofPhysicalResourceBlocks-1), and applicable values for nrofRBs in range of (24, maxNrofPhysicalResourceBlocksPlus1). for TRS/CSI-RS occasion(s) for idle/inactive UEs.

There are some other parameters supported for legacy CSI-RS resource configuration in RRC_CONNECTED state as summarized in Table 1.  

Table 1: Other configuration parameters supported for NZP-CSI-RS-Resource for RRC_CONNECTED state
	
	Applicable values
	TRS only

	periodicityAndOffset
	{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640}
	{10, 20, 40, 80}

	qcl-InfoPeriodicCSI-RS
	TCI-StateId
	

	frequencyDomainAllocation
	CHOICE {
row1    BIT STRING (SIZE (4)),
row2    BIT STRING (SIZE (12)),
row4    BIT STRING (SIZE (3)),
other   BIT STRING (SIZE (6))
},
	row1

	nrofPorts
	ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},

	P1

	cdm-Type
	ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
	noCDM

	density
	CHOICE {
dot5    ENUMERATED {evenPRBs, oddPRBs},
one    NULL,
three  NULL,
spare  NULL
},

	three  NULL,




Since we agreed to considered configuration restricted by TRS only in last meeting, the configuration regarding cdm-type, nrofPorts and density can be fixed. 

Proposal 10: Support the following fixed configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs:
· nrofPorts of 1,
· no cdm-type 
· density of three

For periodicityAndOffset, the restriction of {10,20,40,80} won’t work since the SCS of initial DL BWP can be different than the SCS of active DL BWP in connected mode where the resources are shared from. Also, more applicable values provide higher configuration flexibility to share the resources from connected mode. So, we prefer to reuse the applicable values in connected mode for idle/inactive UEs for periodicityAndOffset.

Proposal 11: Support periodicityAndOffset with applicable values of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots for TRS/CSI-RS occasion(s) for idle/inactive UEs.

It was agreed to support higher layer configuration of QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs in last meeting. The details of QCL information need to be determined. NR Rel-15 supports a TCI-State for a CSI-RS resource to provide QCL information including reference signal and qcl-Type. The reference signal can be SSB or another periodic-CSI-RS. The qcl-Type can be selected from applicable values{typeA, typeB, typeC, typeD}, Same principle can be reused for indicating the QCL information for idle/inactive UEs. But the reference resources can be limited to SSB only as other periodic CSI-RS are not available in idle/inactive mode. 

Proposal 12: QCL information is provided per RS resource for TRS/CSI-RS occasion(s) for idle/inactive UEs, where the QCL information includes reference signal of a SSB and a qcl-type from { typeA, typeB, typeC, typeD }. 

4 Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. Following proposals and observation were made:

Observation 1: Whether or not PEI is feasible for availability indication depends on the L1 signal/channel design of PEI and also the information size of the availability indication. 

Observation 2: RS based PEI has lower resource overhead than PDCCH based PEI for providing the explicit availability indication.

Proposal 1: Support paging PDCCH based explicit availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Proposal 2: Whether or not to support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs should be discussed after the completion of L1 signal/channel design of PEI.

Proposal 3: Support SIB based availability indication of TRS/CSI-RS occasions for idle/inactive UEs. If the same availability indication is provided via L1 signal/channel, no need to provide SI update notification in paging PDCCH for the change of the availability indication. 

Proposal 4: Support indication of available TRS/CSI-RS resource set(s) for idle/inactive UEs. value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources

Proposal 5: An 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 provided to UEs explicitly by SIB or L1 based availability indication.

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 applicable value for startingRB in range of (0..maxNrofPhysicalResourceBlocks-1), and applicable values for nrofRBs in range of (24, maxNrofPhysicalResourceBlocksPlus1). for TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 10: Support the following fixed configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs:
· nrofPorts of 1,
· no cdm-type 
· density of three

Proposal 11: Support periodicityAndOffset with applicable values of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots for TRS/CSI-RS occasion(s) for idle/inactive UEs.

Proposal 12: QCL information is provided per RS resource for TRS/CSI-RS occasion(s) for idle/inactive UEs, where the QCL information includes reference signal of a SSB and a qcl-type from { typeA, typeB, typeC, typeD }. 
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