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Introduction
In the RAN1#102-e meeting, the agreements [1] in the appendix were achieved regarding potential TRS/CSI-RS occasion(s) for idle/inactive UEs. Starting from that, this contribution shares our views on more detailed enhancement for TRS/CSI-RS occasions for idle/inactive-mode UE power saving.

Discussion

On configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UEs
When staying in the RRC INACTIVE/IDLE mode, UE needs to periodically monitor paging in accordance with DRX cycle and perform neighbouring cell measurements and cell (re-)selection. Before starting to detect paging PDCCH, UE needs to wake up and track/measurement the SSBs one or several SSB periodicities before starting to detect paging PDCCH in the PO. 
As shown in the following table tosummarize the power consumption components (more details in our companion contribution [2]), the power consumption contributed by SSB measurement/process and sleep before the PO contributes a solid portion of the overall power consumption, although the dominant part is the power consumption for sleep. Especially for Low and Medium SINR case, the SSB processing takes more than 20% of the power consumption.
Table 4 in [2]. Baseline power consumption components for measurement, sleep and PO monitoring, assuming RG = 0.1
	Power components for Low/Medium/High SINR cases
	Power consumption for measurement
	Power consumption for sleep (incl. transition)
	Power consumption for PO monitoring

	Low
	853 (20.6%)
	3064 (73.9%)
	228 (5.5%)

	Medium
	753 (20.9%)
	2624 (72.8%)
	228 (6.3%)

	High
	195.5 (8.1%)
	1976 (82.4%)
	228 (9.5%)
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Therefore, for UE power saving, the principle of TRS/CSI-RS configuration should aim to 
· reduce the light sleep time between different SSB bursts and also PO
· on top of the existing SSB, assist AGC training, time/frequency tracking and serving cell measurement. This could potentially reduce the number of received SSB bursts. The benefit can be more obvious for low and medium SINR case, where UE needs to stay longer in light sleep and process more SSB bursts.
On the other hand, the system overhead is also important factor to consider, although the TRS/CSI-RS occasion(s) are potentially shared from the one configured for connected mode UEs.
Proposal 1: The design principle of TRS/CSI-RS configuration for IDLE/INACTIVE mode UE should minimize the necessary SSB processing and UE wake time before paging and introduce as little system overhead as possible.


[image: ]                  Figure.1 Illustration of UE processing procedure for paging monitoring in IDLE/INACTIVE mode
As shown in the Figure.1, different SINR condition would lead to different UE measurement operations, in terms of how early UE should wake up from deep sleep and how many SSB UE needs to process for AGC, time/frequency synchronization, serving cell and neighbor cell measurement. This is also reflected by the numerical analysis in [2].
[image: ]                       Figure.2 With additional TRS/CSI-RS before PO, illustration of UE processing procedure for paging monitoring in IDLE/INACTIVE mode
To achieve the design principle in proposal 1, the TRS/CSI-RS for IDLE/INACTIVE mode UEs can be configured right before the PO by SIB, which is shown in Figure.2. Assuming the performance of TRS/CSI-RS measurement is comparable with SSB, in terms of AGC, time/frequency synchronization and serving cell RRM measurement, potentially one SSB burst periodicity processing from the UE side could be saved, especially for low and medium SINR. The direct benefit for UE operation is to substitute the light sleep duration with light sleep time, which brings power saving.
Observation 1: TRS/CSI-RS occasions before PO can reduce the UE wake-up time thus provides power saving gain.
Another option is to configure the TRS/CSI-RS occasions relative to the SSB. As long as the UE wake up time can be reduced, it can also provide valid power saving gain. However, the UE paging monitoring behavior follows the configuration of PF and PO. A sensible UE implementation should also make use of the time slot during the preparation of paging monitoring to perform necessary neighbor cell RRM measurement for Low and Medium SINR cases. Because it needs to wake up anyway for paging. Hence, TRS/CSI-RS configured near/before the PO can be more efficiently utilized by the IDLE/INACTIVE mode UEs. If the TRS/CSI-RS is configured close to the SSB but not so close to the PO, the UE may not be able to wake up late enough for power saving. To match the time domain resources of PF and PO, the overhead of configuring based on SSB position could be larger.
Observation 2: TRS/CSI-RS occasions before PO lead to less overhead compared with the TRS/CSI-RS configuration based on SSB periodicity.
Proposal 2: TRS/CSI-RS occasions for IDLE/INACTIVE mode UEs should be configured before and as close to the POs as possible.
  
On support of CSI-RS beside CSI-RS for tracking (TRS)
The CSI-RS defined in current specification, may be used for time/frequency tracking, CSI computation, and RRM measurement.
It has been agreed that at least TRS/CSI-RS occasion(s) corresponding to periodic TRS (CSI-RS for tracking) is supported but FFS for other RS types. It is noted that the pattern and density of TRS follows certain restrictions specified in TS38.214 Sec. 5.1.6.1.
In our opinion, the general CSI-RS pattern configurations have already support quite good flexibility with low to high density in time/frequency domain. This is beneficial to provide CSI-RS measurement performance with reasonable overhead depending in the system configuration of the SSB periodicity and number of PF/PO with a paging cycle. For example, in a low traffic load cell with sparse configuration of PF and SSBs, a CSI-RS pattern with high density within a PRB and slot can provide better measurement/tracking performance to save longer wake-up time. In addition, it is also agreed that new types/patterns of TRS/CSI-RS are not introduced. So, in our view, supporting the legacy CSI-RS patterns in general will not introduce so much additional specification impact but is capable of providing much better flexibility. If to achieve time/frequency tracking and so on requires a certain amount of minimum CSI-RS pattern, it can be defined in RAN4 as the test condition.
Proposal 3: More general CSI-RS patterns should be supported for IDLE/INACTIVE mode UEs.

Conclusion
Based on the discussion, the following observations and proposals are highlighted: 
Proposal 1: The design principle of TRS/CSI-RS configuration for IDLE/INACTIVE mode UE should minimize the necessary SSB processing and UE wake time before paging and introduce as little system overhead as possible.
Observation 1: TRS/CSI-RS occasions before PO can reduce the UE wake-up time thus provides power saving gain.
Observation 2: TRS/CSI-RS occasions before PO lead to less overhead compared with the TRS/CSI-RS configuration based on SSB periodicity.
Proposal 2: TRS/CSI-RS occasions for IDLE/INACTIVE mode UEs should be configured before and as close to the POs as possible.
[bookmark: _GoBack]Proposal 3: More general CSI-RS patterns should be supported for IDLE/INACTIVE mode UEs.
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Appendix: Conclusions from RAN1#102-e meeting
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.
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