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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]In RAN#88e meeting, a revised work item[1] on additional enhancements has been approved to address outstanding issues of idle/inactive-mode power consumption in NR SA deployments, considering both eMBB UEs and Reduced Capability NR Devices. An object of the WID is to specify means to share TRS/CSI-RS transmitted for connected UEs to idle/inactive-mode UEs.
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required


[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Some discussions and agreements[2] have been reached in the last meetings, and in this contribution, further analyses on TRS/CSI-RS configuration are discussed.
Discussions
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]On the indication for the availability of TRS/CSI-RS
In the last meeting, four alternatives are listed for down-selection on whether the availability of TRS/CSI-RS at the configured occasion(s) should be informed to UE. 
	[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
· how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.



As agreed in the last meeting, an idle/inactive UE could read the SIB for TRS/CSI-RS configuration to get the potential TRS/CSI-RS for AGC or time/frequency tracking and then could increase it’s deep sleeping time for power saving. As per the agreements in the last RAN1 meetings, it is understood that it’s up to gNB’s implementation on whether it transmits the TRS/CSI-RS for idle UEs. That is means a gNB may not transmit the TRS/CSI-RS even it has been configured for UE. If a UE does not know the availability information of TRS/CSI-RS, the UE must assume no TRS/CSI-RS is transmitting and use the SSB for AGC and T/F tracking for the worst case, even the TRS/CSI-RS is transmitted actually. This will decrease the power saving gain of using TRS/CSI-RS for AGC and T/F tracking to reduce the total preparation time before PO.
The first option in these four alternatives is that the availability of TRS/CSI-RS at the configured occasion(s) is not informed to idle/inactive UEs. the gNB could configure some TRS/CSI-RS resources for idle UE, and whether the TRS/CSI-RS is transmitting in a specific occasion is up to gNB implementation. In this case, the UE could not know if a TRS is available. so for the worst case, it always assumes the TRS is not there and the power saving could not be reached. The second option proposes the availability of TRS/CSI-RS should be informed to the UE, so the UE could know the CSI-RS is available or not before paging reception. But as the shared TRS/CSI-RS status may be changed following different connected UEs, how to inform the availability should be considered carefully to minimize the load of the network. Option3 involves additional conditions e.g. the existence of paging for the availability of CSI-RS, we think it would cause an unnecessary couple between two features, and it may block the potential use of TRS/CSI-RS for serving cell measurement. 
Proposal 1: The availability of TRS/CSI-RS at the configured occasion(s) should be informed to idle/inactive UEs implicitly.
There are several potential ways to inform the availability to UEs, e.g. by PEI signaling, paging PDCCH, or paging PDSCH. Typically, the PEI signal may be a sequence that can only carry one bit and is not suitable to indicate two flags. On the other hand, the indication of both flags may be feasible if PEI DCI is used. Paging PDCCH can be used to carry the availability and dynamically adjust the configuration of TRS/CSI-RS if needed. PDSCH is only valuable in cases where the TRS/CSI-RS configuration changes significantly. So DCI may be the most suitable informing way to minimize the complexity of network and UE implementation. 
Proposal 2: DCI should be used to inform the availability of TRS/CSI-RS
Consideration of resource configuration for TRS/CSI-RS
In the RAN1-103e meeting, only periodic CSI-RS has been agreed to be used for idle/inactive UEs
	Agreements:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.


According to the CSI-RS framework in current spec, a periodic CSI-RS resource could be configured with some parameters as the blow :
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START
NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}      OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,   
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset     OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                          OPTIONAL,   -- Cond Periodic
    ...
}
-- TAG-NZP-CSI-RS-RESOURCE-STOP
-- ASN1STOP
In these parameters, nzp-CSI-RS-ResourceId is an identification for the resource. resourceMapping defines the OFDM symbol location in a slot and subcarrier occupancy in a PRB of the CSI-RS resource. these two may be reused for idle/inactive UEs. 
powerControlOffset gives the power offset of PDSCH RE to NZP CSI-RS RE and it may be unnecessary for there is no specific PDSCH for idle/inactive UEs. powerControlOffsetSS is the power offset of NZP CSI-RS RE to SSS RE, and it could be a scale for UE to measure the availability of the TRS. scramblingID defines 10 bits scrambling ID for CSI-RS sequences and it could be a cell-specific parament for idle/inactive UEs. 
To paging for massive idle UEs, a PagingCycle is divided into several PFs with a length of 16 to 1 subframe by parameter N which could be T/16 to T, and a PF could be divided into Ns POs to match idle UE’s ID. As Ns is one of the sets of {1，2，4}, the PO’s periodicities may range from 2.5ms to 160ms for different cases. 
The CSI-RS periodicityAndOffset defines the periodicity of the resource and the slot offset in the periodicity. In current spec, the periodicity could be from a minimum of 4 slots to a maximum of 640 slots which could be max 640 ms when μ=0. if a TRS is used for idle/inactive UEs, as its’ periodicity should be one of  slots where  = 10, 20, 40, or 80 and the max periodicity is 80 ms, a Xp = 160 should be added for TRS configuration to match the PO’s periodicity.
[bookmark: OLE_LINK17]For a periodic CSI-RS for connected UE, a qcl-InfoPeriodicCSI-RS contains a reference to one TCI-State in TCI-States for providing the QCL source and QCL type. the source can be SSB or another periodic-CSI-RS. Refers to the TCI-State which has this value for tci-StateId and is defined in tci-StatesToAddModList in the PDSCH-Config included in the BWP Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs. If a CSI-RS resource was shared to idle/inactive UEs, there are no tci-StatesToAddModList to define QCL source for the CSI-RS, the ways of informing the QCL source to idle/inactive UEs should be considered. 
Observation: Most CSI-RS parameters can be reused with minor update except that the QCL resources of CSI-RS should be informed to idle/inactive UEs
The idle/inactive mode UEs may be in the coverage areas of different SSBs, and they will monitor a optimal beam to receive paging information, so at least one CSI-RS resource for idle/inactive mode needs to be configured per SSB beam. On another point, a CSI-RS resource may be shared from  connected UEs with different beams at different times, so the CSI-RS should not be bound with only one SSB index.
[bookmark: _GoBack]To inform the QCL resource for CSI-RSs which are shared to idle/inactive UEs, one way is to define a cell specific tci-StatesToAddModList for idle/Inactive UEs. Each tci-state in tci-StatesToAddModList could be associated with one or multiple SSB indeies and the UE could be informed to select one reference source for each active CSI-RS. Another way is that one or more CSI-RS resources can be configured to associate with a special SSB and the UE who will receive a special paging PDCCH which is QCLed with the SSB can use to notify the index of the CSI-RS resource and apply it for AGC or timing-frequency tracking in the next windows.
Proposal 3: A CSI-RS resource for idle/inactive mode shall not be associated with one unique SSB index and its reference source may be informed to UEs in some way. 
Conclusion
In this contribution, we have the following observations and proposals:
Observation: Most CSI-RS parameters can be reused with minor update except that the QCL resources of CSI-RS should be informed to idle/inactive UEs
Proposal 1: The availability of TRS/CSI-RS at the configured occasion(s) should be informed to IDLE/inactive UEs implicitly.
Proposal 2: DCI should be used to inform the availability of TRS/CSI-RS
Proposal 3: A CSI-RS resource for idle/inactive mode shall not be associated with one unique SSB index and its reference source may be informed to UEs in some way. 
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