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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN#86, it is approved to further specify enhancements for UE power saving in Rel-17 on the top of Rel-16 schemes [1]. For IDLE/INACTIVE mode, enhancements for paging procedure are expected to be studied and specified. Assistance RS shall be specified in Rel-17. 
	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 #100 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, we discuss the assistance RS for IDLE/INACTIVE UE to save power consumption. 
Motivation of introducing assistance RS
Power issues of Rel-15/16 IDLE UE
[image: ] (a) Paging procedure in LTE for bad coverage UE
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(b) Paging procedure in NR R16 for bad coverage UE
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(c) Paging procedure in NR with assistance TRS for bad coverage UE
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(d) Paging procedure in NR R15/16 for good coverage UE UE
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(e) Paging procedure in NR with assistance TRS for good coverage UE
Figure 1. [bookmark: _Ref47348242]Illustration of default association paging monitoring occasions
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 time/frequency tracking/AGC 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 finer frequency and time synchronization. The power consumption for NR IDLE/INACTIVE mode is higher than that for LTE IDLE mode.
As agreed in the WID, the gNB can provide the availability of potential TRS/CSI-RS occasion(s), which are transmitted for connected mode UEs, to IDLE/INACTIVE mode UEs for time/frequency tracking and AGC. Figure 1(b) illustrates the paging procedures in NR Rel-16 IDLE mode. Usually an IDLE mode UE needs to receive two or three SSBs to perform time/frequency tracking and AGC adjustment in bad coverage. As a result, UE has to keep in light sleep state across several SSB periodicity. 
Considering that network needs to transmit TRS or CSI-RS for connected mode UEs in the same cell anyway, it would be beneficial for the IDLE mode UE to take the advantage of those reference signals. As shown in Figure 1(c), if the TRS/CSI-RS for connected mode UEs is available for IDLE mode UE, UE in bad coverage can ramp up just before the nearest SSB and TRS, and use this 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. For a UE in good coverage, it would be possible to use the SSB or TRS, which is transmitted closer to the start of the PO, as the RS for time/frequency tracking and AGC. The time duration for pre-wake-up of IDLE/INACTIVE UE can be further reduced, so that the power consumption for good coverage UE can be reduced.
Evaluation Results
Some initial evaluation results are provided in Error! Reference source not found.. The IDLE/INACTIVE mode UE paging reception procedures are illustrated in Figure 1(c) and (e), in which the assistance TRS is assumed to be located in the middle of a SSB periodicity. The periodicity of the total available reference signal including SSB and TRS are 10ms. The average time gap between the RS and a PO is 5ms, during which UE can transit to micro-sleep state as shown in Figure 1(c) and (e). The evaluation results of assistance RS close to SSB is also provided as reference, in which each TRS burst is assumed to be located in the two slots right after the SSB. Other evaluation assumptions can be found in our companion paper [2] and Error! Reference source not found..
Table 1. Evaluation results for assistance RS
	Power saving gain vs NR R16
	Good coverage
	Bad Coverage

	Assistance RS in the middle of a SSB periodicity
	5.93%
	12.3%

	Assistance RS transmitting close to SSB
	2.31%
	15.8%


Observation 1. Providing the potential TRS/CSI-RS for IDLE/INACTIVE mode UE reduces the power consumption of UEs by 6~12% when assistance RS is located in the middle of a SSB periodicity.
[bookmark: OLE_LINK23][bookmark: OLE_LINK17][bookmark: OLE_LINK27]Mechanism to enable assistance RS usage for IDLE/INACTIVE mode 
Indication of the availability of Assistance RS
As analyzed in section 2, which is also captured as note in WID, there is no “always on” reference signal in NR. If the TRS for IDLE/INACTIVE mode UE is Cell specific “always on” transmitted, the network scheduling, energy consumption, additional interference from the always-on RS and forward compatibility would be an issue. Therefore, it is assumed in the WID that the assistance TRS/CSI-RS for IDLE mode UE shall not be always available. 
Furthermore, the transmitted assistance RS may consume resource overhead. It would be a good implementation that the gNB can reuse the configured RS for RRC connected UEs or just extend the existing reference signals in a short duration before POs. In this sense, the gNB should have the capability to withdraw the transmission of the assistance RS, which is configured in higher layer signaling for IDLE mode UE. For example, if there is no connected UEs in the cell, and gNB may decide not to transmit the configured TRS/CSI-RS anymore, the gNB should be able to stop transmitting the RS(s) without impact on the paging reception of IDLE/INACTIVE mode UE. 
Therefore, the gNB needs to inform UEs implicitly or explicitly regarding the availability of configured assistance RS in specific time durations. If the gNB stops the transmission of the TRS/CSI-RS while the IDLE mode UE still assumes the RS to be available and relies on the those RS for time/frequency tracking and AGC, the performance of UE would be significantly degraded and the power consumption would be increased. If the IDLE mode UE is not sure whether the TRS and CSI-RS are transmitted or not, the UE shall always receive the SSB in advance in case that there would be no available RS resource later between the end of SSB and the start of PO, which leads to no power saving gain from assistance RS.
Observation 2. The availability of assistance RS needs to be informed to IDLE/INACTIVE mode UE implicitly or explicitly.
In IDLE mode, the paging DCI/paging PDSCH can be used to inform UE the availability of the assistance RS as illustrated in Figure 2. The early-transmitted paging DCI, which is described in our companion paper [2], can also be used to indicate UEs regarding whether the configured TRS/CSI-RS are transmitted in the next DRX cycle or in the incoming paging occasions. 
Proposal 1: Inform the availability of TRS/CSI-RS though legacy paging DCI or early transmitted paging DCI for power saving.
As most time UE only wake up to receive paging and perform RRM measurements around the PO, the assistance RS may be only helpful to be transmitted in a pre-defined/pre-configured time duration from a UE point of view and in the other time, the assistance RS would not provide too much benefit for power saving on IDLE/INACTIVE mode UE. Therefore, it is proposed that the assistance RS is only assumed to be available in a predefined/pre-configured time window near the PO or SSB.
As further considerations, it can be assumed that the availability of the configured RS in the same transmission window is the same and the UE can even blindly detect the assistance RS presence at the beginning of the configured/pre-defined time window. If one TRS/CSI-RS is detected, the UE can assume the RS is transmitted in the entire window.
[image: ]

Figure 2. [bookmark: _Ref46498664]Using paging or early transmitted paging to indicate the availability of assistance RS
Proposal 2: UE assumes the configured assistance TRS/CSI-RS is transmitted in a configured/pre-defined window, which is close to the start of the PO or close to the end of the SSB bursts before the PO.
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 on how to configure the RS resource for IDLE/INACTIVE mode UEs. To configure a RS resource for assisting UE power saving in IDLE mode, at least the following information should be provided: time/frequency resource, sequence generating parameter of the RS, periodicity/offset, QCL parameters.
Observation 3. 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 3(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 3(b).
[image: ]
(a) Different RS is used for different PO
[bookmark: _GoBack][image: ]
(b) Different RS is used for different MO
Figure 3. [bookmark: _Ref46860870][bookmark: _Ref47347879]Necessity of multiple RS resources.
Observation 4. 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 release message.
Alt1 is the straight forward way to inform the resource configurations to IDLE mode UE and all UEs camping in the cell can obtain the resource configurations. However, as analysed in the previous paragraphs, multiple RS resources would be configured and the configuration for each RS resource includes a number of IE parameters. If Alt1 for configuration is used, i.e. assistance RS is configured by SIB, optimization might be need to reduce the signaling overhead of SIB, considering the maximum TBS of SIB is limited. Alt2 shall not increase SIB overhead, but can only be beneficial to the UEs that have set up RRC connections with the cell before. The UEs that firstly camp on the cell cannot use the assistance RS in this case.
Proposal 3: Discuss how to configure assistance RS for IDLE/INACTIVE mode UEs, and how to reduce the signaling overhead for assistance RS configuration if it is configured by SIB.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1. Providing the potential TRS/CSI-RS for IDLE/INACTIVE mode UE reduces the power consumption of UEs by 6~12% when assistance RS is located in the middle of a SSB periodicity.
Observation 2. The availability of assistance RS needs to be informed to IDLE/INACTIVE mode UE implicitly or explicitly.
Observation 3. The following information is relevant for configuring assistance RS resources: 
· RS time/frequency resource;
· sequence generating parameter;
· periodicity/offset;
· QCL parameter. 

Proposal 1: Inform the availability of TRS/CSI-RS though legacy paging DCI or early transmitted paging DCI for power saving.
Proposal 2: UE assumes the configured assistance TRS/CSI-RS is transmitted in a configured/pre-defined window, which is close to the start of the PO or close to the end of the SSB bursts before the PO.
Proposal 3: Discuss how to configure assistance RS for IDLE/INACTIVE mode UEs, and how to reduce the signaling overhead for assistance RS configuration if it is configured by SIB.
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