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1. Introduction
In the 3GPP TSG RAN#88-e meeting, the WID of UE power saving enhancements was revised in [1]. The enhancements for UE in RRC idle/inactive state are as follows.
	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


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

RRM measurements

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, where M1=2 if SMTC periodicity (TSMTC) > 20ms and DRX cycle ≤ 0.64 second, otherwise M1=1, and N1=1 for FR1. Based on simulation assumption in TR 38.840 [3], the paging cycle is assumed to be 1.28 seconds and UE needs to measure SSS-RSRP and SSS-RSRQ of the serving cell every DRX cycle.

If the measurement results of RSRP or RSRQ in several consecutive DRX cycles does not fulfil the cell selection criterion, the UE shall initiate the intra-frequency and inter-frequency measurements. Based on the assumption of paging cycle of 1.28 second, UE needs to perform neighbor cell measurement every DRX cycle for FR1.

Paging reception
In RRC idle/inactive state, UE needs to monitor one paging occasion (PO) every DRX cycle to detect the potential system information change notifications and paging message [4]. 

Hence, in the case of high SINR, UE only needs to perform serving cell measurement and PO detection within a paging cycle. UE behavior in the case of high SINR can be illustrated in Figure 1.
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Figure 1 UE behavior in high SINR operation
Based on the power model provided in our companion contribution [5], the UE power consumption distribution in high SINR is provided in Figure 2. Wherein it is assumed that the periodicity of SSB is 20ms and the gap between SSB and PO is assumed to be 10ms based on the simulation results in [6]. In high SINR, the average power consumption per slot is 1.54. It can be observed that due to the gap between the SSB for serving cell measurement and PO, UE cannot enter into deep sleep after SSB measurement, there is 13% energy consumed by light sleep.
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Figure 2 UE power consumption distribution in high SINR

Observation 1: In high SINR, due to the gap between the SSB for serving cell measurement and PO, there is 13% energy consumed by light sleep.
In the case of low SINR, the automatic gain control (AGC) and time/frequency offset needs to be corrected before the RRM measurement and PO detection. For UE in the low SINR operation, the correction of time/frequency offset based on one SSB is not sufficient. The detection of more than one SSB needs to be accumulated to mitigate the estimation error of frequency and timing offset. In addition, considering the number of receiving antenna of Redcap UE might be reduced and the compact design of wearable watches, there is at least 3dB~6dB loss for DL channel/signal. In this situation, more accumulations are required to achieve the desired synchronization accuracy. Hence, in low SINR/limited coverage, UE’s operations include AGC, time/frequency synchronization, serving cell measurement, and intra-frequency/inter-frequency measurement, etc. The corresponding UE behavior and the power consumption distribution in the case of low SINR/limited coverage are shown in Figure 3 and Figure 4, respectively. 
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Figure 3 UE behavior in low SINR/limited coverage operation
In low SINR, the average power consumption per slot is 2.52. It can be observed that due to the multiple wake-up and SSB processing before PO, UE cannot enter into deep sleep for a duration of several SSB periodicities, the energy contributed by light sleep increases to 39%. 
Observation 2: In low SINR, due to the multiple SSB processing before PO, UE cannot enter into deep sleep for a duration of several SSB periodicities, the energy contributed by light sleep increases to 39%. 
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Figure 4 UE power consumption distribution in low SINR/limited coverage

2.2. CSI-RS/TRS for UE in RRC idle/inactive state

According to the WID, 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. As the usages of the CSI-RS resources are diverse, the candidate CSI-RS that can be provided to UE in idle/inactive state is discussed in this section.
CSI-RS for mobility
In addition to SSB, the UE in RRC connected state can perform RRM measurement based on CSI-RS for mobility. The resource of CSI-RS for mobility is one of the candidates that can be provided to UE in RRC idle/inactive state. It can be seen that the light-sleep duration in high SINR can be decreased if there is an additional RS which is located next to PO can be used for RRM measurement, as shown in Figure 5. To obtain the average power consumption per paging cycle and the power consumption distribution, it is assumed the periodicity of the introduced RS is 10ms. The gap between additional RS and PO is 5ms. The simulation result is shown in Figure 6.
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Figure 5 CSI-RS for RRM measurement in high SINR operation

The average power consumption per slot is 1.50 in Figure 6, the power saving gain is 2.6% compared with the results in Figure 2.

Observation 3: The introduced RS with smaller periodicity can reduce the gap between RRM measurement and paging occasion. The power saving gain is 2.6%.
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Figure 6 UE power consumption distribution in high SINR when CSI-RS is introduced for measurement
Similarly, to reduce the number of processed SSB and multiple wake-up times in the scenario of low SINR/limited coverage, the additional RS can be used to perform RRM measurement, as well as time/frequency synchronization, as shown in Figure 7. The simulation results are shown in Figure 8.
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Figure 7 CSI-RS for synchronization and RRM measurement in low SINR/limited coverage
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Figure 8 UE power consumption distribution in low SINR when CSI-RS is introduced for measurement and sync
The average power consumption per slot is 1.92 in Figure 8, the power saving gain is 23.8% compared with the results in Figure 4. It can be observed that due to the decreased number of processed SSB, the energy consumed by light sleep decreases to 7%.

Observation 4: If the introduced RS can be used for RRM measurement and time/frequency synchronization, the energy consumed by light sleep decreases from 38% to 7%, the power saving gain is 23.8%.
TRS

CSI-RS for tracking (TRS) was introduced in NR to guarantee a fine time/frequency synchronization and assist UE to demodulate PDSCH. The RRC connected state UE is expected to be configured with periodic TRS. And TRS is also a candidate RS for UE in RRC idle/inactive state to reduce the multiple wake-up, especially in low SINR/limited coverage, as shown in Figure 9. Wherein the periodicity of TRS is assumed to be 10ms. The corresponding power consumption distribution is similar with the results in Figure 8 as the operations are similar.

Observation 5: If the introduced RS can be used for time/frequency synchronization, the power saving gain is 23.8%.
Based on the above simulation results, it can be observed that the CSI-RS for mobility and TRS can be provided to UE in idle/inactive state. 
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Figure 9 TRS for synchronization and RRM measurement in low SINR/limited coverageThe CSI-RS for tracking
Proposal 1: The following CSI-RS can be considered to be provided to UE in idle/inactive state to reduce UE power consumption.

· CSI-RS for mobility

· TRS 
A PO consists of a set of PDCCH monitoring occasions. The PDCCH occasion for paging within a PO corresponds to a SSB. In the multi-beam operation, the paging message and short message are repeated in all transmitted beams. The selection of the beam for the reception of paging message and short message and the corresponding PDCCH monitoring occasion for paging DCI depends on UE implementation. Considering the fast environment change due to mobility, beam blockage and UE rotation, etc., UE needs to detect SSB before PO to the determine the best beam  and the associated paging DCI occasions. Hence, to minimize UE wake-up period, the PDCCH monitoring occasion within a PO can also be associated the introduced RS.
Proposal 2: The PDCCH monitoring occasion within a PO can also be associated the introduced RS.

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, the impact on cell selection/re-selection should be considered.
3. Configuration of CSI-RS for RRC idle/inactive state UEs
As there is no dedicated RRC signaling available to UE in RRC idle/inactive state, the configuration of CSI-RS needs to be conveyed via system information. 

Proposal 3: The configuration of CSI-RS is indicated to UE in RRC idle/inactive state via system information.
It can be derived from the above simulation results that if the CSI-RS is located next to PO or SSB, the UE wake-up times or light sleep period 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 10. In this way, the system overhead of configuration is reduced.
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Figure 10 CSI-RS in time domain is configured in relative to SSB or PO/PF
Proposal 4: 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 or updated. Otherwise, it costs more UE energy to detect the invalid RS. Moreover, according to the WID, the introduced RS is not required to be “always-on”. Hence, the configuration change notification can be indicated to UE in RRC idle/inactive state UE, e.g., by L1 signaling. 
Observation 6: It costs more UE energy to detect the invalid RS if the CSI-RS for UE in RRC connected state is reconfigured or updated.
Proposal 5: 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: In high SINR, due to the gap between the SSB for serving cell measurement and PO, there is 13% energy consumed by light sleep.
Observation 2: In low SINR, due to the multiple SSB processing before PO, UE cannot enter into deep sleep for a duration of several SSB periodicities, the energy contributed by light sleep increases to 39%. 

Observation 3: The introduced RS with smaller periodicity can reduce the gap between RRM measurement and paging occasion. The power saving gain is 2.6%.
Observation 4: If the introduced RS can be used for RRM measurement and time/frequency synchronization, the energy consumed by light sleep decreases from 38% to 7%, the power saving gain is 23.8%.
Observation 5: If the introduced RS can be used for time/frequency synchronization, the power saving gain is 23.8%.
Observation 6: It costs more UE energy to detect the invalid RS if the CSI-RS for UE in RRC connected state is reconfigured or updated.
Proposal 1: The following CSI-RS can be considered to be provided to UE in idle/inactive state to reduce UE power consumption.

· CSI-RS for mobility

· TRS 
Proposal 2: The PDCCH monitoring occasion within a PO can also be associated the introduced RS.
Proposal 3: The configuration of CSI-RS is indicated to UE in RRC idle/inactive state via system information.
Proposal 4: To reduce resource overhead, the location of CSI-RS in time domain can be configured in relative to SSB or PO/PF.
Proposal 5: The configuration change notification of CSI-RS can be carried by L1 signaling.
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