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1. Introduction
In RAN1#103e meeting [1], some agreements are made on TRS/CSI-RS for IDLE/inactive UEs. In this contribution, we will discuss the benefits of introducing TRS/CSI-RS for idle and inactive UEs and potential solutions for UE power saving.  
2. [bookmark: _Ref498564494]Availability of TRS/CSI-RS for idle/inactive UEs
1. [bookmark: _Hlk521582650]
2. 
3. 
[bookmark: _Hlk56167136]Availability of TRS/CSI-RS for idle and inactive UEs are discussed in previous meetings, and following agreements are made [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.
Accordingly, we will discuss the above proposals from the perspective of power saving gain, impact on network, and provide the details of the proposed solutions.
· UE Power saving gain
As shown in [2], the residual CFO is expected to be limited within -/+ 0.1ppm, which is -/+ 400Hz for 4GHz carrier frequency. As illustrated in Figure 1, UE need to receive at least 2 SSBs to limit the residual CFO to -/+ 400Hz with high probability at low SNR(-6dB), and 1 SSB is sufficient to achieve this target for medium/high SNR(higher than 0 dB). 
While for TRS/based CFO calibration, UE can achieve promising CFO calibration performance with a 1 slot TRS, even better performance can be obtained if the calibration is performed based on TRS in two consecutive slots. Hence, UE can replace SSB reception by TRS for CFO calibration if TRS is introduced for Idle/Inactive UEs. In this case, UE can receive less DL signals before paging, and less power is consumed per DRX cycle.

[bookmark: _Ref53853976]Figure 1  Comparison of UE activities of idle UE with TRS (a) and without TRS (b)
Figure 1 is an illustration on how TRS assists UE for Paging reception by reducing the number of SSBs before paging. As shown in Figure 1, since UE has to receive 2 SSBs for CFO calibration, and addtional one SSB should be received for AGC or to further reduce the CFO, UE needs to receive 3 SSBs before SNR for low SNR case. If TRS is introduced, since one slot TRS is suffient for CFO calibration as discussed earlier, UE can use the 1-st slot for AGC based on TRS, and the 2-nd slot for CFO calibration. Thus, all the background activities before paging can be finished within 1ms duration with 30kHz SCS, where the TRS is transmitted.
Based on the power model in [3], we evaluate the power saving gain when TRS is introduced. The power consumption of UE processing timeline, as shown in Figure 1(b), is 28.4% lower than that of Figure 1(a) in low SNR region.
[bookmark: OB1]Observation 1: CFO calibration performance based on TRS outerperforms that based on SSB,
· 1 TRS or 3 SSB bursts are needed by UE before paging detection in low SINR region.
[bookmark: OB2]Observation 2: 28.4% power saving gain can be achieved if TRS is introduced in low SINR region.
As discussed in [4], UE may perform background activities, such as AGC and T/F tracking, based on TRS before PO. Due to better meausrement and T/F tracking performance, UE may skip SSBs and perform these background activities soly based on TRS to achieve lower power consumption. If TRS tranmission is switched off without notification, UE may not have any chance to fallback to perform these activities on SSBs, since UE may miss the chance to receive the SSBs before the unavalible TRS and before the PO, as shown in Figure 2. In this case, performance of CFO calibration and AGC before paging decoding can not be guaranteed at UE side, which will degrade the paging performance.
[bookmark: OB3]Observation 3: Performance of CFO calibration and AGC can not be guaranteed at UE, if the CSI-RS configuration is updated but not timely indicated to UE, which will degrade paging performance.

[bookmark: _Ref53913223]Figure 2  Example of TRS not availbale but no chance to receive SSB before PO
If availability of CSI-RS can not be guaranteed, the proper UE implementation would be the same as that for legacy UEs. That is to perform AGC and CFO calibration based on SSB and ignore the CSI-RS even if it is configured. In this case, power saving gain and performance gain brought by CSI-RS cannot be achieved.
[bookmark: OB4]Observation 4: Power saving gain can not be achieved, if the CSI-RS configuration is updated but not timely indicated to UE.

· Impact to network
If the TRS/CSI-RS availability is indicated, concerns may arise that it may require more overhead for availability indication, and may limit the flexibility on NW to switching on/off the CSI-RS transmissions. However, these concerns can be addressed by proper gNB implementation. 
In real deployment, the CSI-RS resources are usually shared by multiple connected UEs. NW can select the CSI-RS resources, configured for quite a large number of connected UEs, to be shared to idle/inactive UEs. In this case, the CSI-RS transmission is less likely to be switched off due to UE mobility, and NW does not need to update the availability indication frequently. Note that, the number of CSI-RS resources configured for idle/inactive UEs is also NW implementation. If the CSI-RS resources is not stable in the cell, NW can avoid configuring such CSI-RS resources at the first place. Thus, the additional overhead for availability indication and CSI-RS transmission can be limited.
Furthermore, the availability indication can be delievered in paging DCI or PEI, as discussed in previous meetings. If there are paging PDCCH/PDSCH transmission, reserved bits in DCI can be used for availability indication, no addtional overhead is needed. For cases there is no paging, it can be up to gNB whether to indicate the availability. If NW transmit the availabilty indication, the addtional overhead for the indication is required to avoid TRS transmission for UE that are no longer connected. On the other hand, if the availability indication is not transmit by gNB, the overhead for TRS transmission can not be released until paging PDCCH/PDSCH arrives. Nevertheless, as discussed earlier, it is less likely that the availability of TRS would be change frequently with reasonable NW implimentation, the additional overhead and enerngy needed at NW is limited.
[bookmark: OB5]Observation 5: Additional overhead for availability indication and CSI-RS transmission can be minimized with proper NW implementation.
· NW can avoid configuring CSI-RS resources that are not stable due to UE mobility to idle/inactive UEs.
· Details of the availability indication
The CSI-RS availability indication can be delievered in paging DCI or PEI. According to [5], there are several bits not used in paging DCI, highlighted in yellow in the following table.
[bookmark: _Ref53848758]Table 1 DCI format of paging PDCCH
	DCI field
	Number of bits

	Short message indicator
	2

	Short Messages 
	8 , 5 bits reserved (Note 1)

	Frequency domain resource assignment
	

	Time domain resource assignment
	4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	TB scaling
	2

	Reserved bits
	6

	Note 1 : In short message field, the first bit is used to indicate system information modification, and the second bit is used to indicate ETWS and/or CMAS. The 4th – 8th bits are reserved.


As shown in the above table, there are 11 bits reserved in paging DCI, hence some of the reserved bits can be used to indicate CSI-RS state/configuration update. Paging PDCCH can be used to indicate on/off state of the configured CSI-RS resource. A bitmap can be delieved by the reserved bits, where each bit is associated with a CSI-RS resource(set), and is used to indicate UE whether the associated CSI resource is actually transmitted by gNB. The network can flexibly switch on/off the CSI-RS resources configured by SIB through paging DCI. If network would stop transmitting one of the configured CSI-RS resources, the information can be indicated to UE without system information update, UE shall not assume the CSI-RS resource is available anymore. Note that, the reserved bits in paging DCI are ignored by legacy UEs, and there would be no impacts for legacy UEs. 
The availability indication can also be transmitted in PEI, if connfigured. However, from our perspective, PEI for paging reception and TRS/CSI-RS should be decoupled features for UE power saving. Otherwise, it means TRS/CSI-RS availability can not be indicated when PEI is not configured. Idle/inactive UEs may need to support different implementations with or without PEI, and leading to additional complexity for UE implementation. Besides, whether the indication can be delievered in PEI also depends on the signal/channel design of PEI. If the PEI is a sequence, the number of bits can be delievered through a sequence is limited. Considering the paging subgrouping, SI update indication may be also delievered in PEI, the feasibility for availability indication through PEI should be further studied after the PEI signaling/channel design is settled.
[bookmark: OB6]Observation 6: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
[bookmark: OB7]Observation 7: Feasibility of TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are settled.
[bookmark: PP1]Proposal 1: the availability indication can be delievered at least through paging DCI.
· FFS : whether the indication delievered in PEI is supported.
3. TRS/CSI-RS for Serving cell RRM measurement
As discussed in [4], UE needs to receive one SSB per DRX cycle for paging receiption in high SNR region. As studied in  Rel-16 power saving SI [3], UE can perform RRM measurement, AGC and etc based on TRS, in addition to SSB, if TRS are available for idle and inactive UEs. Due to TRS can be configured with wider bandwidth and composed by multiple resources, UE may obtian higher measurement accuracy based on TRS.
We evaluated the RRM measurement accuracy based on SSB and TRS, the performance are shown in Figure 3. 
[image: ][image: ]
                  (a): Delta-RSRP of measurement on SSB                                       (b): Delta-RSRP of measurement on TRS
[bookmark: _Ref53936466]Figure 3  Performance of RSRP accuracy based on one shot measurement at SNR=0dB
As shown in above figures, RRM measurement based on TRS in more accurate and stable compared with SSB. 1 measurement sample per DRX cycle based on TRS can obtain even better measurement accuracy than 2 samples per DRX cylce based SSB. Hence, layer 1 RRM measurement periodicity can be relaxed based on TRS by UE implementation, e.g. 
· relaxed from 1 sample every DRX cycle to 1 sample every 2 DRX cycle, while the measurement accuracy can still be maintained when UE is stationary. The relaxed RRM measurement may bring about 9% power saving gain. 
· relaxed from 2 sample every DRX cycle to 1 sample every DRX cycle, while the measurement accuracy can still be maintained when UE is stationary. The relaxed RRM measurement may bring about 30% power saving gain.
Even if the layer 1 measurement is not relaxed, UE may have more flexibility to select RRM/AGC resource to achieve efficient processing timeline. For example, UE can select SSB/CSI-RS resources, which are closer to paging occasion or paging WUS occasions, to avoid frequent wake/sleep mode transition.
[bookmark: OB8]Observation 8: For idle/inactive UEs, with TRS/CSI-RS assisted for loop convergence / time-frequency tracking and RRM for serving cell, UE processing timeline can be optimized to save power consumption.
Note that TRS/CSI-RS for serving cell RRM measurement can be supported without defining new RRM requirement for idle and inactive UEs in RAN4, the requirements defined for SSB based RRM measurement can be reused, and it is up to UE implementation to meet the exisiting requirements, if UE performs measurement on TRS/CSI-RS in implementation. However, RAN1 still need to identify the parameters to facilitate serving cell RRM measurement on TRS/CSI-RS resources, e.g. QCL information, power offset to SSB, etc.
[bookmark: OB9]Observation 9: It is not necessary to define new RRM requirement for idle and inactive UEs in RAN4, it is up to UE to meet the existing requirements for SSB based measurement, if UE performs RRM measurement on TRS/CSI-RS in implementation.
[bookmark: PP2]Proposal 2: RAN1 to identify the parameters to facilitate serving cell RRM measurement on TRS/CSI-RS resources.
4. Parameters for TRS/CSI-RS Configuration
As discussed in previous sections, UE may perform AGC, T/F tracking and serving cell RRM on TRS/CSI-RS resources for power saving. Still, some paremeters are needed to make sure these resources can be fully utilized.
The CSI-RS for conneted UEs may be transmitted using different beams compared to that of SSBs. While, for idle and inactive UEs, SSBs are the QCL reference resources for DL broadcast channel, i.e. SIB/RAR/paging/MSG4, and QCL reference for UL transmission in RACH procedure, if applicable. If a CSI-RS resource, which is not QCLed with SSBs, is configured for idle/inactive UEs, it would be meaningless for UEs to receive these CSI-RS resources since it is not related to any other transmission and reception procedure. To make sure the CSI-RS resource can be utilized for idle/inactive UEs, the CSI-RS/TRS resource should be QCLed with one of the actually transmitted SSBs indicated by SIB1.
[bookmark: PP3]Proposal 3: The CSI-RS/TRS resource should be QCLed with one of the actually transmitted SSBs indicated by SIB1.
As mentioned in section 2, UE can perform RRM measurement and AGC using CSI-RS/TRS instead of SSB, and higher measurement accuracy and lower power consumption can be obtained. Besides, UE may use TRS inaddtion to measurement on SSBs. To make sure the measurement results from these two types of RS comparable, the CSI-RS power offset to SSS should be configured to idle/inactive UEs, based on which UE can compensate the power difference when the RRM measurement or AGC is performed on CSI-RS resources. 
The IE powerControlOffsetSS, which is used to indicate the power difference, is an optional parameter for connected UE. Considering RRM/AGC purposes, it should be explicitly configured to idle/inactive UEs in CSI-RS resource configuration.
[bookmark: PP4]Proposal 4: The power difference between CSI-RS/TRS and SSB should be explicitly configured in CSI-RS resource configuration to idle/inactive UEs.
For UE in RRC connected state, UE may be configured with DL BWP with different SCS compared to initial DL BWP/CORESET#0. In other words, the SCS of CSI-RS configured for connected UE may have different SCS with CORESET#0. Moreover, SSB and CORESET#0 may be configured with different SCS, following combinations are supported in current specification.
· {SSB SCS, CORESET#0 SCS} = {15, 30}, {30, 15}, {120, 60}, {240, 60} or {240, 120} kHz
If CSI-RS resources configured for connected UE are introduced for idle/inactive UEs, UE may need to handle more SCS. Following combination may appear if there is no restriction in CSI-RS configuration.
· For SSB SCS= CORESET#0 SCS 
· {SSB SCS, CORESET#0 SCS, CSI-RS SCS} = {15, 15, 30/60}, {30, 30, 15/60},  {120, 120, 60} kHz
· For SSB SCSCORESET#0 SCS
· {SSB SCS, CORESET#0 SCS, CSI-RS SCS} = {15, 30, 60}, {30, 15, 60},  {240, 60, 120} or {240, 120, 60} kHz
[bookmark: OB10]Observation 10: UE may need to handle signals/channels with more numerologies if there is no restriction on subcarrier spacing in CSI-RS configuration.
In the above cases, idle/inactive UEs need to handle signal with more SCSs if IDLE CSI-RS introduced. When a CSI-RS resource is configured with SCS which is different to both SSB and CORESET#0, UE would probably ignore the CSI-RS configuration, and perform AGC, T/F tracking and RRM on SSBs as legacy UEs. To avoid more complicated UE implementation to handle signals/channels with different SCSs, restrctions on SCS can be considered for CSI-RS resources configured for idle/inactive UEs.
[bookmark: PP7][bookmark: PP5]Proposal 5: The SCS for TRS/CSI-RS configured for idle/inactive UEs should be the same as that of initial DL BWP.
Conclusions
In this contribution, we discuss the CSI-RS/TRS for idle and inactive UEs, and we have the following observations and proposals:
Observation 1: CFO calibration performance based on TRS outerperforms that based on SSB,
· 1 TRS or 3 SSB bursts are needed by UE before paging detection in low SINR region.
Observation 2: 28.4% power saving gain can be achieved if TRS is introduced in low SINR region.
Observation 3: Performance of CFO calibration and AGC can not be guaranteed at UE, if the CSI-RS configuration is updated but not timely indicated to UE, which will degrade paging performance.
Observation 4: Power saving gain can not be achieved, if the CSI-RS configuration is updated but not timely indicated to UE.
Observation 5: Additional overhead for availability indication and CSI-RS transmission can be minimized with proper NW implementation.
· NW can avoid configuring CSI-RS resources that are not stable due to UE mobility to idle/inactive UEs.
Observation 6: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Observation 7: Feasibility of TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are settled.
Proposal 1: the availability indication can be delievered at least through paging DCI.
· FFS : whether the indication delievered in PEI is supported.
Observation 8: For idle/inactive UEs, with TRS/CSI-RS assisted for loop convergence / time-frequency tracking and RRM for serving cell, UE processing timeline can be optimized to save power consumption.
Observation 9: It is not necessary to define new RRM requirement for idle and inactive UEs in RAN4, it is up to UE to meet the existing requirements for SSB based measurement, if UE performs RRM measurement on TRS/CSI-RS in implementation.
Proposal 2: RAN1 to identify the parameters to facilitate serving cell RRM measurement on TRS/CSI-RS resources.
Proposal 3: The CSI-RS/TRS resource should be QCLed with one of the actually transmitted SSBs indicated by SIB1.
Proposal 4: The power difference between CSI-RS/TRS and SSB should be explicitly configured in CSI-RS resource configuration to idle/inactive UEs.
Observation 10: UE may need to handle signals/channels with more numerologies if there is no restriction on subcarrier spacing in CSI-RS configuration.
Proposal 5: The SCS for TRS/CSI-RS configured for idle/inactive UEs should be the same as that of initial DL BWP.
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