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1. Introduction
In the 3GPP TSG RAN1#102-e meeting [1], some agreements were reached as follows.
	Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
· Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
· Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.

· Note: Always-on TRS/CSI-RS transmission by gNodeB is not required

· At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 

· FFS for other RS types

· FFS: Whether UE blind detection is required or not.
Agreements:
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:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
· FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
· FFS for other signalling candidates (e.g., pre-configuration, etc.)
· FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)

Agreement:

Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).

· Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.



In this contribution, the candidate CSI-RS/TRS provided to UEs in RRC idle/inactive state is discussed.
2. Candidate CSI-RS/TRS for RRC idle/inactive state UEs
2.1. UE behavior and power consumption in RRC idle/inactive state

According to the requirements in TS 38.133 [2], UE in RRC idle/inactive state needs to perform SSB-based RSRP and RSRQ measurement and evaluate the cell selection criterion for the serving cell at least every M1*N1 DRX cycle. For FR1, M1=2 if SMTC periodicity (TSMTC) > 20ms and DRX cycle ≤ 0.64 second, otherwise M1=1, and N1=1. When the paging cycle is 1.28 seconds [1], UE needs to measure SSS-RSRP and SSS-RSRQ of the serving cell every DRX cycle.

In RRC idle/inactive state, UE also needs to monitor the paging occasion (PO) every DRX cycle to detect the potential system information change notifications and paging message [3]. Under RRC idle/inactive state, UE’s behavior of RRM measurement and PO detection in a paging cycle is shown in Figure 1.
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Figure 1 UE behavior in a paging cycle

Based on the power model in our companion contribution [6], the UE power consumption distribution is provided in Figure 2. Wherein the gap between SSB and PO is assumed to be 10ms based on the agreements in [1]. The average power consumption per slot is 1.875. It can be observed that due to the gap between the SSB for RRM measurement and PO, UE cannot enter into deep sleep after SSB measurement, there is 11% energy consumed by light sleep.
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Figure 2 UE power consumption distribution

Observation 1: Due to the gap between the SSB for serving cell measurement and PO, there is 11% energy consumed by light sleep.
2.2. CSI-RS/TRS for UE in RRC idle/inactive state

One solution to reduce the UE power consumption in RRC idle/inactive state is to provide the CSI-RS/TRS occasion of UE in RRC connected state to RRC idle/inactive state UEs. The agreements of potential functionality of CSI-RS/TRS are as below.

	Agreements:
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


The CSI-RS/TRS can be a candidate RS used by UE in RRC idle/inactive state to reduce the wake-up duration, as shown in Figure 3. When the periodicity of CSI-RS/TRS is assumed to be 10ms, the average power is 1.7. The power saving gain with additional CSI-RS/TRS occasion is (1.875 - 1.7) / 1.875 = 9.3% .
Observation 2: If the introduced CSI-RS/TRS were used for time/frequency synchronization and RRM measurement, the power saving gain is 9.3%.
Based on the above simulation results, it can be observed that it is beneficial to provide CSI-RS/TRS to UE in idle/inactive state. 
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Figure 3 CSI-RS/TRS for AGC/SYNC
Proposal 1: In addition to AGC, time/frequency tracking, CSI-RS/TRS can be considered to be provided to UE in idle/inactive state for RRM measurement.
In addition to power saving gain, there are other factors need to be considered as well. For example, the criteria of cell selection/re-selection for RRC idle/inactive state UE are based on SSB measurement. If UE is allowed to perform RRM measurement with CSI-RS/TRS, the impact on cell selection/re-selection should be considered.
As the CSI-RS/TRS provided to UE in idle/inactive state is also shared with UE in RRC connected mode, it is not dedicated to UE in idle/inactive state. Hence, the provided CSI-RS/TRS should not work as a wake up signal (WUS) for UE in idle/inactive state. Otherwise, new signal should be introduced, which is, however, precluded in the RAN1#102-e meeting [1].

	Agreement:

•
New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.


Observation 3: The CSI-RS/TRS provided to UE in idle/inactive state in AI 8.7.1.2 is inappropriate for the functionality of WUS.
3. Configuration of CSI-RS for RRC idle/inactive state UEs
3.1. CSI-RS/TRS related information

Periodicity

The CSI-RS/TRS for a UE in RRC_Connected state is configured as follows [4]. According to [5], the periodicity of TRS is one of 
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10, 20, 40, or 80 and where µ is the SCS configuration. That is, the periodicity of TRS is 10, 20, 40, or 80ms. To save the overhead of configuration signaling, the range of periodicity of the CSI-RS/TRS provided for UE in RRC idle/inactive state can be reduced.

	CSI-ResourcePeriodicityAndOffset ::=    CHOICE {

    slots4                              INTEGER (0..3),

    slots5                              INTEGER (0..4),

:

    slots320                            INTEGER (0..319),

    slots640                            INTEGER (0..639)

}


Beam association

In the multi-beam operation in FR2, the paging message is repeated in all transmitted beams. The transmission beam of PDCCH in a monitoring occasion corresponds to a specific SSB. The selection of the reception beam for paging DCI depends on UE implementation. Considering the fast environment change due to mobility, beam blockage and UE rotation, etc., the CSI-RS/TRS should be also transmitted in a multi-beam manner, e.g., a CSI-RS/TRS resource can be associated to a SSB.
Observation 4: The configuration of CSI-RS/TRS including periodicity and transmission beam should be considered when providing the CSI-RS/TRS resource to the UE under RRC_Idle/Inactive state.
3.2. Configuration and change notification

The agreements of the configuration of CSI-RS/TRS in RAN1#102-e are as follows.
	Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
· FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
· FFS for other signalling candidates (e.g., pre-configuration, etc.)
· FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)


The candidate higher layer signaling of CSI-RS/TRS configuration can be classified into SIB and dedicated RRC signaling. However, it should be noted that for a UE under RRC_Idle state that has not accessed the network before, there is no dedicated RRC signaling (such as RRC connection release). Hence, if the CSI-RS/TRS is only conveyed by dedicated RRC signaling, the power saving benefits cannot be exploited by this kind of UEs
In addition, due to UE mobility or variant of the channel condition, the UE may reselect other cells to camp on. As a result, the CSI-RS/TRS resource configured by dedicated signaling might not be available in another cell. Otherwise, network has to broadcast the CSI-RS/TRS in the same way as paging message, as the location of RRC idle/inactive UE is known to network at the granularity of tracking area list or RNA, which is comprised of multiple cells. 

Observation 5: If the CSI-RS/TRS is only conveyed by dedicated RRC signaling, the power saving benefits cannot be exploited by the UE that has not accessed the cell before.

Observation 6: Due to UE mobility or variant of the channel condition, the CSI-RS/TRS resource configured by dedicated signaling might not be available in the cell reselected by UE. Otherwise, network has to broadcast the CSI-RS/TRS in the same way as paging message.

According to the analysis above, the configuration of CSI-RS/TRS needs to be conveyed via system information broadcast (e.g., SIBx). Hence, we have the following proposal.
Proposal 2: The configuration of CSI-RS/TRS is indicated to UE in RRC idle/inactive state via system information broadcast (e.g., SIBx).
It can be derived from the above simulation results that if the CSI-RS 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 CSI-RS is transmitted by periodicity and offset, the location of CSI-RS in time domain can be configured in relative to SSB or PO/PF, as shown in Figure 4. In this way, the configuration overhead can be reduced.
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Figure 4 CSI-RS in time domain is configured in relative to SSB or PO/PF
Proposal 3: To reduce resource overhead, the location of CSI-RS in time domain can be configured in relative to SSB or PO/PF.
As the CSI-RS resources provided to UE in RRC idle/inactive state are also shared by UE in RRC connected state, it should be indicated to UE in RRC idle/inactive state if the CSI-RS for UE in RRC connected state is reconfigured. Otherwise, it costs more UE energy to detect the invalid RS. Hence, the configuration change notification can be indicated to UE in RRC idle/inactive state UE, e.g., by L1 signaling. 
Observation 7: It costs more UE energy to detect the invalid RS if the CSI-RS for UE in RRC connected state is reconfigured.
Proposal 4: The configuration change notification of CSI-RS can be carried by L1 signaling.
4. Conclusion

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

Observation 1: Due to the gap between the SSB for serving cell measurement and PO, there is 11% energy consumed by light sleep.
Observation 2: If the introduced RS were used for time/frequency synchronization, the power saving gain is 9.3%.
Observation 3: The CSI-RS/TRS provided to UE in idle/inactive state in AI 8.7.1.2 is inappropriate for the functionality of WUS.

Observation 4: The configuration of CSI-RS/TRS including periodicity and transmission beam should be considered when providing the CSI-RS/TRS resource to the UE under RRC_Idle/Inactive state.

Observation 5: If the CSI-RS/TRS is only conveyed by dedicated RRC signaling, the power saving benefits cannot be exploited by the UE that has not accessed the cell before.

Observation 6: Due to UE mobility or variant of the channel condition, the CSI-RS/TRS resource configured by dedicated signaling might not be available in the cell reselected by UE. Otherwise, network has to broadcast the CSI-RS/TRS in the same way as paging message.
Observation 7: It costs more UE energy to detect the invalid RS if the CSI-RS for UE in RRC connected state is reconfigured.
Proposal 1: In addition to AGC, time/frequency tracking, CSI-RS/TRS can be considered to be provided to UE in idle/inactive state for RRM measurement.
Proposal 2: The configuration of CSI-RS is indicated to UE in RRC idle/inactive state via system information broadcast (e.g., SIBx).
Proposal 3: To reduce resource overhead, the location of CSI-RS in time domain can be configured in relative to SSB or PO/PF.
Proposal 4: The configuration change notification of CSI-RS can be carried by L1 signaling.
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