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Introduction
In RAN1#102-e, assistance RS for IDLE/inactive mode was discussed and some agreements were made as follows:
	Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.

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

Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)

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.)

Agreements:
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 remaining issues of TRS/CSI-RS for idle/inactive UE power saving enhancements are discussed.
Motivation of introducing assistance RS
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(a) Paging procedure in LTE for bad coverage UE
[image: D:\WORK\1912_power_saving_R17\RAN1#103-e\f1b.png]
(b) Paging procedure in NR R16 IDLE mode UE with Inter-frequency RRM measurement
[bookmark: _Ref54365919]Figure 1 Illustration of paging procedures for LTE UE and NR Rel-16 IDLE mode UE

As shown in Figure 1 (a), in LTE, UE uses CRS for time/frequency tracking and AGC adjustment before the reception of the potential scheduled PDSCH for paging. However, in NR Rel-15/16 the only RS available for loop convergence for an idle/inactive mode UE is SSB, which is transmitted in a burst way with configured periodicity. Since the periodicity of SSB (typically 20ms) is much larger than that for CRS (1ms) in LTE, UE may need pre-wake-up much earlier than UE in LTE to get the frequency and time synchronization. 
According to the link level simulation in our companion paper [2], based on the implementation, some UE may need at least 1 SSB for time/frequency tracking before the reception of PO, and some other UEs, e.g. RedCap UE, may need at least 2~3 SSB bursts. The power consumption for NR idle/inactive mode is higher than that for LTE IDLE mode. Figure 2 illustrates the paging procedures when the UE requires at least two SSBs for the time/frequency tracking, e.g. for NR Redcap UE in idle mode. As a result, UE has to stay in light sleep state across several SSB periodicity.
[image: D:\WORK\1912_power_saving_R17\RAN1#103-e\f2.png]
[bookmark: _Ref54361379]Figure 2 Paging procedure in NR with assistance TRS for UEs using 2 SS bursts for T/F tracking

Considering that network anyway needs to transmit TRS or CSI-RS for connected mode UEs in the same cell in some cases, it would be beneficial for the idle mode UE to take the advantage of those reference signals. As an example shown in Figure 2, if the TRS/CSI-RS for connected mode UEs can be informed available for idle mode UE in advance before the UE pre-wake-up to receive the SS burst, the UE can ramp up just before the nearest SSB and TRS, and use the SSB and TRS to acquire the AGC and time/frequency tracking. The power consumption of one periodicity of light sleep can be saved compared to Rel-15 NR baseline. 
Therefore, it is helpful to use the assistance TRS for IDLE mode power saving in case of the assistance TRS is actually transmitted. However, it should be noticed that the assistance TRS/CSI-RS may not be always transmitted. Therefore, the UE may not be able to always use the procedure illustrated in Figure 2. Also, the availability of TRS/CSI-RS should be known by the UE before the reception of required number of SS bursts. Otherwise, the UE may lose the chance to receive the required number of SS bursts in case the gNB does not transmit the TRS on the potential TRS occasions. Further details shall be discussed in Section 3.2.

Mechanism to enable assistance RS usage for idle/inactive mode
Functionality of the assistance RS
In RAN1#102-e, it is agreed that UE may use the TRS/CSI-RS that are shared to it for AGC and time/frequency tracking and it is FFS whether the TRS/CSI-RS can also be used for RRM measurements for serving cell, neighbor cell and paging reception indication.
	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



It would be beneficial if the assistance TRS/CSI-RS in the shared TRS/CSI-RS occasion(s) can also be used for serving cell measurements. Considering that if the TRS can be only used for AGC and time/frequency tracking, even if the UE may not need to perform intra-frequency measurements when the S-criteria is fulfilled as described in [4], the UE still always needs to use at least one SS burst for serving cell measurement. In this case, no power saving gain would be obtained by the utilization of assistance RS compared to Rel-15/16, as shown in Figure 3.
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[bookmark: _Ref54361980]Figure 3 Assistance TRS for AGC and T/F tracking only
Furthermore, for cell edge scenarios where the serving cell does not fulfil the measurement relaxation criterion, UE can also perform AGC and time/frequency tracking while UE is performing serving cell and intra-frequency measurements. In this case, the introduction of assistance TRS/CSI-RS might not improve the power saving performance much. 
Therefore, if the assistance TRS/CSI-RS can be also used for serving cell measurement, the power saving gain could be further increased. However, this is useful only if the availability of assistance RS is known in advance. Otherwise, the UE cannot use the TRS for serving cell RRM measurement and at least one SS burst needs to be received for serving cell measurement. 
Observation 1. The power saving gain would be further increased if the assistance TRS/CSI-RS could be also used for serving cell measurement.
Observation 2. The assistance TRS/CSI-RS cannot be used for serving cell measurement if the UE cannot know the availability of the RS in advance before the reception of the required number of SS bursts by UE. 
Regarding assistance RS for neighbor cell measurements, huge signaling overhead might be needed to configure the RS resources of each neighbor cell. Also, since the TRS/CSI-RS is not always transmitted in all the neighbor cells, the idle/inactive mode UE needs to know the availability of the assistance RS of each cell, which is difficult for the network.
Observation 3. The assistance TRS/CSI-RS for neighbor cell measurements requires huge signaling overhead for RS resource configuration, and the availability indication is difficult for network. 
[bookmark: _Ref54361239]Indication of the availability of Assistance RS
As agreed in the last meeting, TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted. If the gNB stops the transmission of the TRS/CSI-RS while the idle/inactive mode UE already assumes the TRS to be available and relies on the TRS for time/frequency tracking and AGC, the performance of UE would be significantly degraded considering the UE may already miss the chance to receive the required number of SS bursts for time/frequency tracking and also serving cell measurement. This would cause the reception failure of paging PDSCH and consequently increase the power consumption. On the other hand, as the gNB has flexibility not to transmit the assistance TRS/CSI-RS before the corresponding PO, the availability of the assistance TRS/CSI-RS cannot be always linked to the transmission of paging message on the PO.
Observation 4. [bookmark: _Ref54363029]The availability of the assistance TRS/CSI-RS should not be coupled to the transmission of paging message on the PO.
Based on Observation 4, it is not possible to use the existence of paging DCI to inform the availability of the assistance TRS/CSI-RS. There can be another two ways to inform the availability of assistance TRS: one is to explicitly inform the availability of TRS/CSI-RS before the usage of the TRS/CSI-RS; the other one is to let the UE always blind detect the RS presence before the usage of the RS. 
The main benefit of blind detection is it does not require any additional signaling to inform availability of TRS/CSI-RS. However, according to the simulation in our companion paper [2], UE always needs to pre-wake-up to receive at least 1 SS burst to obtain the T/F tracking for the potential reception of paging PDSCH. If the availability of the assistance TRS/CSI-RS needs to be blindly detected, the UE shall always receive the SSB in advance in case that there would be no available RS resource later, which leads to no power saving gain from assistance RS. As a result, the UE will always use the SSB in advance to finish AGC adjustment, T/F tracking and serving cell measurements, and the benefits of introduction of assistance TRS/CSI-RS is questionable.
Observation 5. UE always needs to receive 1~3 SS bursts in advance before the PO in case that there would be no available TRS/CSI-RS transmitted between the last SS burst and the start of the PO, if the availability of TRS/CSI-RS needs to be blindly detected by UE.
Observation 6. The availability of assistance RS needs to be informed to idle/inactive mode UE implicitly or explicitly to guarantee the power saving gain on UE.
In idle mode, the paging DCI can be used to inform UE the availability of the TRS/CSI-RS. To enable the functionality of serving cell measurements, it would be better to use the paging DCI in the previous paging cycle to indicate the availability of the assistance TRS/CSI-RS. By this way, the idle/inactive mode UE can decide to use SSB or assistance TRS/CSI-RS for loop convergence and measurements in advance. The solution is illustrated in Figure 4. Using paging DCI in the previous paging cycle introduces marginal specification work to reuse the reserved bit in paging DCI format.
The early paging information near the SSB is proposed and evaluated in our companion paper [2]. The EPI DCI can be also used to indicate UEs regarding whether the assistance TRS/CSI-RS in the configured TRS/CSI-RS occasions are transmitted or not, which is illustrated in Figure 5.
[image: D:\WORK\1912_power_saving_R17\RAN1#103-e\f4.png]
[bookmark: _Ref54363989]Figure 4 Paging DCI indicating the TRS absence/presence in the next paging periodicity
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[bookmark: _Ref54364025]Figure 5 EPI indicating the TRS absence/presence in the incoming paging occasion
[bookmark: _Ref52372742][bookmark: _Ref53214419]
Proposal 1: Inform the availability of TRS/CSI-RS before the start of PO:
· Alt.1: Through legacy paging DCI or early transmitted paging information in the previous DRX cycle;
· Alt.2: Through early paging information in the current DRX cycle.
As most time UE only wakes up to receive paging and perform RRM measurements around the PO, the TRS/CSI-RS is expected to be helpful only if it is transmitted in a time duration just before the PO and the TRS/CSI-RS would not provide benefit for power saving on idle/inactive mode UE outside the expected time duration. Therefore, it is proposed that the assistance TRS/CSI-RS is only assumed to be available in a predefined/pre-configured time window near the PO.
[image: D:\WORK\1912_power_saving_R17\RAN1#103-e\f6.png]
[bookmark: _Ref46498664]Figure 6 Using paging or early transmitted paging to indicate the availability of assistance RS
Proposal 2: Inform the availability of TRS/CSI-RS in TRS/CSI-RS occasion(s) which is close to the start of the PO.
Discussion on assistance RS and early paging information
As described in our companion paper [2], early paging information with sub-grouping indication provides significant power saving gains. From our point of view, the early paging information can be used together with assistance TRS/CSI-RS for idle/inactive UE power saving enhancements. 
First, the early paging information can be used to inform the availability of TRS/CSI-RS for idle/inactive mode UE, which is already described in section 3.2. Secondly, the assistance TRS/CSI-RS may not be always transmitted. In case when the assistance TRS is informed not to be available, the UE can use the EPI indication to reduce the power consumption significantly. To adopt both solutions, the UE power consumption can be reduced to fulfill the power consumption requirement, e.g. for wearable devices.
Observation 7. Early paging information can be used to inform the availability of the assistance TRS and can also provide significant power saving gain in the scenarios when the assistance TRS/CSI-RS is not transmitted. 
Consideration on resource configuration for assistance RS
The idle/inactive mode UE should be informed with the configuration of the potential assistance TRS/CSI-RS resource(s). It needs to be specified how to configure the RS resource for idle/inactive mode UEs. To configure a RS resource for assisting UE power saving in idle/inactive mode, at least the following information should be provided: time/frequency resource, sequence generating parameter of the RS, periodicity/offset, and QCL parameters. 
Observation 8. The following information is relevant for configuring assistance RS resources: 
· RS time/frequency resource;
· sequence generating parameter;
· periodicity/offset;
· QCL parameter. 
In NR, the POs in one PF are successively located in time domain. One RS may be near a PO but be far away from another PO. Therefore, multiple RS resources may be configured but different sets of RS resource may be used on different POs. As shown in Figure 7(a), for the UEs in PO3 and PO4, compared with using TRS1, using TRS2 provides more chance to sleep for longer time and save more power. 
In addition, a PO corresponds to multiple MOs, where each of them is corresponding to a SSB. To assist the UEs in the coverage of different beams, multiple RS resources corresponding to different SSB needs to be configured, as shown in Figure 7(b).
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(a) Different RS is used for different PO
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(b) Different RS is used for different MO
[bookmark: _Ref54365104]Figure 7  Necessity of multiple RS resources
Observation 9. It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 
In order to configure the information of multiple assistance RS sources, there are two possible alternatives: 
· Alt1: Use system information (i.e., SIB) to broadcast the configuration of assistance RS resource(s). 
· Alt2: Configure the UE with the assistance RS resource(s) in RRC connected mode.
Alt1 is the straightforward way to inform the resource configurations to IDLE mode UE and all UEs camping in the cell can obtain the resource configurations. Alt2 has small resource overhead, but can only be beneficial to the UEs that have set up RRC connections with the cell before the UEs turn to IDLE/INACTIVE mode. The UEs that initially camp on the cell cannot use the assistance RS in this case. 
Proposal 3: The following two alternatives can be used to configure assistance RS for IDLE/INACTIVE mode UEs
· Alt1: Use system information (i.e., SIB) to broadcast the configuration of assistance RS resource(s). 
· Alt2: Configure the UE with the assistance RS resource(s) in RRC connected mode.
However, on the one hand, Observation 8 shows that several parameters are necessary in configuration. On the other hand, Observation 9 shows that multiple RS resources would be configured to assist the UEs in different POs/MOs. This would require more resource to configure assistance TRS occasions.
To reduce the signalling overhead for Alt2, one possible way is to get the values of some parameters pre-defined in spec. However, it obviously limit gNB flexibility. Another possible way is to ‘compress’ the RS configuration. For multiple nzp-CSI-RS-Resource to be configured for the assistance TRS occasions, most of the configurations could be the same. It brings the possibility that some parameter with the same value can be configured only once instead of multiple times.
Observation 10. Pre-defined values for RS parameters are not desired since they reduce flexibility and potential impact on the network.
Proposal 4: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
Conclusion
In this contribution, we discuss the assistance RS for idle mode UE power saving enhancements. Based on the analysis, we have the following observations and proposals:

Observation 1. The power saving gain would be further increased if the assistance TRS/CSI-RS could be also used for serving cell measurement.
Observation 2. The assistance TRS/CSI-RS cannot be used for serving cell measurement if the UE cannot know the availability of the RS in advance before the reception of the required number of SS bursts by UE. 
Observation 3. The assistance TRS/CSI-RS for neighbor cell measurements requires huge signaling overhead for RS resource configuration, and the availability indication is difficult for network. 
Observation 4. The availability of the assistance TRS/CSI-RS should not be coupled to the transmission of paging message on the PO.
Observation 5. UE always needs to receive 1~3 SS bursts in advance before the PO in case that there would be no available TRS/CSI-RS transmitted between the last SS burst and the start of the PO, if the availability of TRS/CSI-RS needs to be blindly detected by UE.
Observation 6. The availability of assistance RS needs to be informed to idle/inactive mode UE implicitly or explicitly to guarantee the power saving gain on UE.
Observation 7. Early paging information can be used to inform the availability of the assistance TRS and can also provide significant power saving gain in the scenarios when the assistance TRS/CSI-RS is not transmitted. 
Observation 8. The following information is relevant for configuring assistance RS resources: 
· RS time/frequency resource;
· sequence generating parameter;
· periodicity/offset;
· QCL parameter. 
Observation 9. It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 
Observation 10. Pre-defined values for RS parameters are not desired since the reduced flexibility and potential impact on legacy network.
Proposal 1: Inform the availability of TRS/CSI-RS before the start of PO:
· Alt.1: Through legacy paging DCI or early transmitted paging information in the previous DRX cycle;
· Alt.2: Through early paging information in the current DRX cycle.
Proposal 2: Inform the availability of TRS/CSI-RS in TRS/CSI-RS occasion(s) which is close to the start of the PO.
Proposal 3: The following two alternatives can be used to configure assistance RS for IDLE/INACTIVE mode UEs
· Alt1: Use system information (i.e., SIB) to broadcast the configuration of assistance RS resource(s). 
· Alt2: Configure the UE with the assistance RS resource(s) in RRC connected mode.
Proposal 4: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
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