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1. Introduction
In the 3GPP TSG RAN1#103-e meeting [1], some agreements were reached as follows.
	Agreements:

· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
Agreements:

· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and

· To further add that RAN1 is working on the detailed physical layer design 
Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:

- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)

* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence

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.

· 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.


In this contribution, the candidate RS provided to UEs in RRC idle/inactive state is discussed.

2. RS functionality

The functionalities of the TRS/CSI-RS provided to RRC idle/inactive state UE were discussed in RAN1-#102e and RAN1-#103e meetings. The agreements are as below.
	Agreements in RAN1-#102e:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 

· AGC, time/frequency tracking
· FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication

	Agreements in RAN1-#103e:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
Agreements in RAN1-#102e:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence


Regarding the functionality of serving cell measurement, as the cell selection and re-selection procedure are closely relevant to the results of serving cell measurement according to TS 38.304 [2]. The common understanding in the last meeting is that RAN1 does not see a need introduce nor intend to propose new mobility procedures or requirements based on potential TRS/CSI-RS occasions to minimize the impact on RAN2 and RAN4 specifications. With this restriction, the TRS/CSI-RS-based serving cell measurement is performed in addition to the SSB-based serving cell measurement required by the current RAN2 and RAN4 specifications. 
The UE processing timeline and power saving gain when the TRS/CSI-RS is used for serving cell measurement by RRC Idle/Inactive state UE are analyzed as the following Figure 1 and Figure 2.

As shown in Figure 1 (a), one SSB is used for AGC/SYNC and serving cell measurement. In Figure 1(b), in addition to the serving cell measurement via SSB, the TRS is also used for serving cell measurement. From the results in Table 1, it can be seen that if TRS is used for serving cell measurement, it consumes more UE energy. Similar results can be observed in the case when there are one SSB and one additional TRS to be detected before PO. In Figure 2(a), the SSB is used for serving cell measurement, TRS is utilized for synchronization based the agreements in the previous meeting. In Figure 2(b), the TRS is used for both synchronization and serving cell measurement. The UE power consumption in Figure 2(a) and Figure 2(b) is given in Table 1.
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 (a) SSB-based serving cell measurement   (b) TRS is used for serving cell measurement

Figure 1     One SSB before PO
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(a) SSB-based serving cell measurement   (b) TRS is used for serving cell measurement

Figure 2   One SSB and one additional TRS before PO

Table 1     Power saving gain from TRS-based serving cell measurement
	
	Serving cell measurement
	Power consumption
	Power saving gain

	One SSB before PO
	SSB
	1.66
	/

	
	SSB and TRS
	1.78
	-7.2%

	One SSB and one additional TRS before PO
	SSB
	2.24
	/

	
	SSB and TRS
	2.26
	-0.9%


Using TRS/CSI-RS for serving cell measurement in addition to the SSB-based measurement may improve measurement accuracy. However, based on the simulation results in Table 1, it can be seen that the TRS/CSI-RS-based serving cell measurement costs more UE energy and it does not align with the purpose of this WID objective.
Hence, there is no need to specify TRS/CSI-to be used as serving cell measurement by RRC Idle/Inactive state UE. As the TRS/CSI-RS is broadcasted by SIB, TRS/CSI-RS-based measurement can be left to UE implementation.
Observation 1: Using TRS/CSI-RS for serving cell measurement costs more UE energy.

Proposal 1: Whether the TRS/CSI-RS provided from RRC Connected state UE is used as serving cell measurement for RRC Idle/Inactive state UE is up to UE implementation.
3. RS type

The RS configured for RRC idle/ inactive state UE is broadcasted by SIB, so the RS configuration should not be changed frequently. While the semi-persistent RS configured to RRC connected state UE can be frequently activated/de-activated by MAC CE, which is not appropriate for RRC idle/inactive state UE. 
As the functionality of the additional RS configured to RRC idle/inactive state is AGC and synchronization, only TRS is sufficient to provide this functionality.

Furthermore, RRC connected mode UE is expected to be configured with periodic TRS. It implies that network needs to transmit periodic TRS as long as there is RRC connected state UE in the cell, while the existence of other types of RS cannot be guaranteed.

The configuration of TRS is much simpler compared with other flexible CSI-RS, the signalling resource overhead can be reduced if only periodic TRS is supported. Hence, we have the following proposal.

Proposal 2: Only periodic TRS is supported for RRC idle/inactive state UE.
4. Availability indication
In the RAN1#103-e meeting, four alternatives for the availability indication are listed as the following [1].

	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.

· 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.


For Alt 1, it was agreed that it is up to gNB implementation whether or not to transmit a TRS to idle/inactive UEs. However, if the unavailability indication is not informed to UE in advance, UE would fail to detect the TRS/CSI-RS for AGC/synchronization. It consumes more UE energy and might decrease the decoding performance of paging DCI or paging message with the poor AGC setting/synchronization caused by unavailable TRS/CSI-RS. Hence, it is suggested to provide the availability indication to RRC inactive/idle state UE.

Observation 2: For Alt 1, the drawbacks are as follows:

· It may increase the UE power consumption;

· It might decrease the decoding performance of paging DCI or paging message.
The potential benefit provided by the proponent of Alt 3 is that when there is no RRC connected state UE in the cell and no RRC idle/inactive state UE is paged, network has the flexibility to stop transmitting the TRS, which has the chance to reduce resource overhead.
However, with Alt 3, the transmission of TRS is coupled with the presence of paging message. As the TRS is broadcasted via system information, it is not clear for network which UE within the cell utilizes the TRS for AGC/synchronization. The network has to transmit TRS/CSI-RS as long as there is UE paged within the current/next I-DRX cycle. The probability of the presence of paging message within a paging cycle is provided in the following Table 3 considering different paging rate per PO and number of PO per I-DRX cycle. 
Table 2 Probability of the presence of paging message within a paging cycle
	Paging rate per PO
	Number of PO per I-DRX cycle

	
	8
	16
	32
	64

	10%
	57%
	81%
	97%
	100%

	20%
	83%
	97%
	100%
	100%

	25%
	90%
	99%
	100%
	100%

	40%
	98%
	100%
	100%
	100%


From the Table 2, it can be observed that
· The probability of the presence of paging message is larger than 50% in all the cases, which implies that there is a large possibility that network has to transmit TRS/CSI-RS.

· When the paging rate per PO is larger than 25% or the number of PO per I-DRX cycle is larger than 32, the probability of the presence of paging message will be larger than 90%, i.e., the TRS/CSI-RS is “always-on” even there is no RRC connected state UE in the cell.
In addition, Alt 3 requires UE to perform blind detection of TRS/CSI-RS, which is a completely new operation compared to the legacy requirements. The additional blind detection will definitely increase the burden of UE implementation.
Therefore, the drawbacks of Alt 3 are that network has to transmit TRS/CSI-RS for the unpredictable presence of paging and UE implementation complexity is increased. 

Observation 3: For Alt 3, the drawbacks are as follows:

· Network has to always transmit TRS/CSI-RS when the presence of paging message is high;
· It requires UE to perform blind detection of TRS/CSI-RS.
Compared with Alt 2 and Alt 3, the Alt 2 is beneficial for both network and UE sides. From UE perspective, if the availability indication is received in advance, it can properly use the TRS for AGC/synchronization to save power and to enhance the decoding performance of paging message. For network, if there is no RRC connected state UE or the configuration of RRC connected state UE is updated, the de-activation indication can be informed to RRC inactive/idle state UE, which is flexible for network implementation and favourable to reduce resource overhead. Furthermore, the availability indication can be conveyed by PEI. Regarding when the availability indication is valid, a solution similar to system information change can be considered.
Observation 4: Alt 2 is beneficial for both gNB sides and UE sides.
Proposal 3: The Alt 2 is adopted as the availability indication for TRS.

Proposal 4: The availability indication is carried by PEI.

5. Detailed configuration

Based on [3], we provide our preference towards the detailed configuration for TRS as the following Table 3. The most important items are the time-frequency resources of the TRS (periodicityAndOffset, startingRB, nrofRBs, etc.). 

Besides, regarding the QCL information for TRS, the following two alternatives can be considered. The Alt.1 is a straightforward way to configure the QCL information, while the Alt.2 is similar with the QCL determination for the PDCCH monitoring occasion within PO and can be considered to reduce the resource overhead of SIB.
Alt. 1: The associated SSB is configured via SIB.

Alt. 2: Similar to that of paging-PDCCH MO within a PO, the associated SSB is defined.

Regarding the SCS of TRS, as the SCS of SSB and CORESET 0 can be different, the following two alternatives can be considered.
Alt. 1: The SCS of TRS is specified as the SCS of CORESET 0 or SSB.

Alt. 2: The SCS of TRS is configured as the SCS of CORESET 0 or SSB.
Proposal 5: Table 3 is considered as a starting point for TRS configuration signaling.
Table 3 Detailed TRS configuration

	#
	Parameters
	Details (e.g., reuse, enhance, restricts, pre-defined etc.)

	1
	bwp-Id
	Not needed. The initial DL BWP is assumed.

	2
	resourceType 

{aperiodic, semiPersistant, periodic}
	Not needed. Only periodic TRS is reasonable for RRC inactive/idle state UE.

	3
	repetition {on, off}
	Not needed. Only periodic TRS is reasonable for RRC inactive/idle state UE.

	4
	aperiodicTriggeringOffset
	Not needed. Only periodic TRS is reasonable for RRC inactive/idle state UE.

	5
	trs-Info {true}
	Not needed. Only periodic TRS is reasonable for RRC inactive/idle state UE.

	7
	powerControlOffset
	Not needed.

	8
	powerControlOffsetSS
	Reuse. Beneficial to AGC adjustment.

	9
	scramblingID
	Reuse.

	10
	periodicityAndOffset
	Reuse.

	11
	qcl-InfoPeriodicCSI-RS:For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS.
	FFS.

Alt. 1: The associated SSB is configured via SIB.

Alt. 2: Similar to that of paging-PDCCH MO within a PO, the associated SSB is defined.

	12
	frequencyDomainAllocation

{row1, row2, row4, others}
	Not needed.

	13
	nrofPorts
	Not needed. Single port.

	14
	firstOFDMSymbolInTimeDomain
	Reuse.

	15
	firstOFDMSymbolInTimeDomain2
	Not needed.

	16
	cdm-Type
	Not needed.

	17
	density
	Not needed. A default value (e.g., 3) is applied.

	18
	startingRB
	Reuse. 

	19
	nrofRBs
	Reuse.

	20
	subcarrierSpacing (this is not part of CSI-RS resource configuration)
	FFS.

Alt. 1: SCS of TRS is specified as the SCS of CORESET 0 or SSB.

Alt. 2: SCS of TRS is configured as the SCS of CORESET 0 or SSB.


In addition, if the TRS is located between SSB and PO, the UE wake-up time or light sleep time can be reduced. Hence, instead of indicating the slot where TRS is transmitted by periodicity and offset, the location of TRS in time domain can be configured in relative to SSB or PO/PF, as shown in Figure 3. In this way, the configuration overhead can be reduced. Hence, we have the following proposal.
Proposal 6: To reduce resource overhead, the location of TRS in time domain can be configured in relative to SSB or PO/PF.
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Figure 3 TRS in time domain is configured in relative to SSB or PO/PF
6. Conclusion

In this contribution, we discuss some aspects on TRS/CSI-RS for UE in RRC idle/inactive state. We have the following observations and proposals.

Observation 1: Using TRS/CSI-RS for serving cell measurement costs more UE energy. 

Observation 2: For Alt 1, the drawbacks are as follows:

· It may increase the UE power consumption;

· It might decrease the decoding performance of paging DCI or paging message.
Observation 3: For Alt 3, the drawbacks are as follows:

· Network has to always transmit TRS/CSI-RS when the presence of paging message is high;
· It requires UE to perform blind detection of TRS/CSI-RS.
Observation 4: Alt 2 is beneficial for both gNB sides and UE sides.
Proposal 1: Whether the TRS/CSI-RS provided from RRC Connected state UE is used as serving cell measurement for RRC Idle/Inactive state UE is up to UE implementation.

Proposal 2: Only periodic TRS is supported for RRC idle/inactive state UE.
Proposal 3: The Alt 2 is adopted as the availability indication for TRS.

Proposal 4: The availability indication is carried by PEI.

Proposal 5: Table 3 is considered as a starting point for TRS configuration signaling.
Proposal 6: To reduce resource overhead, the location of TRS in time domain can be configured in relative to SSB or PO/PF.
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