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1 Introduction
The motivation of providing potential TRS/CSI-RS available in connected mode for idle/inactive UE is to assist time/frequency tracking and potentially help RRM measurement and paging reception indication as compared to SSB to reduce the total waking up time as captured in as follows [1]:
	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


Although designing of TRS/CSI-RS and the content of TRS/CSI-RS configuration information exposed to idle/inactive-mode UEs are marked as in RAN1’s objectives, we believe that the signalling aspects have a strong impact on RAN2, i.e. the configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) by higher layer signalling (System Information and/or dedicated signalling) and how to update the availability of TRS/CSI-RS as highlighted below in the captured agreements of RAN1 #102 e-meeting as follows [2].
	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

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, we provide some considerations on the higher aspects of configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly). 
2 Discussion
2.1 Background 
The motivation of providing potential TRS/CSI-RS available in connected mode for idle/inactive UE is to assist time/frequency tracking and potentially help RRM measurement and paging reception indication as compared to SSB to reduce the total waking up time. As agreed in the WID, the gNB can provide the potential TRS/CSI-RS occasion(s) which are transmitted for connected mode UEs to idle/inactive UE for better time/frequency tracking and AGC. RAN1 is now considering the designing of TRS/CSI-RS. Aperiodic, semi-persistent and periodic TRS/CSI-RS are all candidates for exposure. And the details of configuring RS resources, e.g., RS time/frequency resource/ periodicity/offset are being discussed.
Since the TRS/CSI-RS occasion(s) for connected mode UEs can be shared to idle/inactive mode UEs, the TRS/CSI-RS cannot be assumed to be always on. It is up to gNB implementation whether or not to transmit a TRS/CSI-RS. An example is that gNB chooses not to transmit a TRS/CSI-RS to idle/inactive UEs when there is no longer connected mode UE in a cell, etc.
From the UE perspective, it is necessary to keep track of whether the TRS/CSI-RS is actually transmit or not. If the gNB stops the transmission of the TRS/CSI-RS while the UE still assumes it is available and relies on it for time/frequency tracking, the performance would be significantly degraded. On the other hand, if the UE is not sure whether there is additional TRS/CSI-RS, the UE would always fall back to legacy synchronization process based on SSB which would lead to less power saving gain from assistance RS. Therefore, the gNB needs to inform UEs the availability of configured TRS/CSI-RS implicitly or explicitly.
2.2 Discussion 
Issue1: How to provide TRS/CSI-RS configuration?

Currently, RAN1 has given some potential higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message). Dedicated signalling, e.g. RRCRelease message, could be used to configure TRS info for the UE in Idle/Inactive mode. However it is not a suitable way as change in TRS availability and/or configuration still need to be conveyed by via system information. Also, the configuration is not valid once the UE has moved to a new cell. When a UE enters a new cell, it is still required to acquire the newest TRS/CSI-RS information in system information of the new cell. Moreover, it only applies to UE who has already been in connected mode. The UEs that firstly camp on the cell cannot use it at all.
The straight forward way to is to inform the resource configurations to UE in Idle/Inactive mode by system information and all UEs camping in the cell can get the resource configurations. There are two options:

· option1:RMSI or existing SIB (e.g.SIB2) 
· option2: New SIB type , e.g. SIB-x
Providing the TRS/CSI-RS information in RMSI is a typical way to provide information to UE in Idle/Inactive mode. However, if multiple TRS/CSI-RS resources would be configured and the configuration for each RS resource includes a number of IE parameters, optimization might be need to reduce the signalling overhead considering the maximum TBS of RMSI is limited. Moreover, the RSMI is always broadcasted and not all UEs camped on the cell support this feature, and acquiring system information is not needed for such UEs. 
Observation 1: RMSI is not used to expose TRS/CSI-RS configuration.
One may think put TRS/CSI-RS information in existing SIB (e.g.SIB2). Note that the TRS/CSI-RS configuration is definitely cell-specific, not area-specific, it seems a way not putting additional restrictions on the legacy SIB having to be cell-specific is to introducing a new SIB. In this way, those UEs not supporting the feature would not be impacted, i.e. re-acquire system information is not needed if there is no information change for such UEs.
Observation 2: Existing SIB (e.g.SIB2) is not used to expose TRS/CSI-RS configuration.

Hence, we prefer option2.

Proposal 1 RAN2 to consider providing the TRS/CSI-RS configuration in a new SIB, e.g. SIB-x. 
Issue2: How to provide the availability of TRS/CSI-RS configuration?

From the NW perspective, it is not necessary to always transmit TRS in all potential occasions e.g. when there is no UE in connected mode within a cell. As analysed before, the gNB needs to inform UEs the availability of configured TRS/CSI-RS implicitly or explicitly. It is likely the network may provide a configuration of the RS to the UEs even though there is no TRS/CSI-RS are actually available or transmitted. Thus, it is important to separate the provisioning of availability of TRS/CSI-RS to the UE from the TRS/CSI-RS configuration for use. 
There are 3 options to convey the availability of TRS/CSI-RS configuration:
· option1: a bitmap(s) in SIB-x ;

· option2: a bitmap(s) in RMSI ;
· option3: the presence of the scheduling info of SIB-x or the presence of the TRS/CSI-RS configuration in SIB-x (implicitly way)
For option1, a bitmap(s) can be introduced in SIB-x, where each bit is associated with a TRS/CSI-RS resource(set), and is used to indicate UE whether the associated TRS/CSI-RS resource is actually transmitted at gNB. Option1 have a drawback is the UE is informed about a change in system information via Paging for switching on/off TRS/CSI-RS even if the TRS/CSI-RS configuration is not changed if we do not introduce enhancement in the Short message. 
For option3: the network switches on/off TRS/CSI-RS by setting the presence of the scheduling info of SIB-x or the presence of the TRS/CSI-RS configuration in SIB-x in an implicitly way. If RAN1 confirms that a single TRS/CSI-RS resource would be configured, that works well. If scheduling info of SIB-x is present, the network provides valid TRS/CSI-RS and transmits it and the UE acquires the relevant SIB-X to get the exact configuration. If it is absent, the network switches off a configured TRS/CSI-RS and the UE invalidate SIB-x until the network sets it again and the UE gets the latest SIB-x. However, if RAN1 confirms that multiple TRS/CSI-RS resources would be configured, UE still needs to dig into SIB-X to check the presence of the TRS/CSI-RS configuration to get a finer granularity of which TRS/CSI-RS resource is available. And for this case, it also have the same drawback as option1 that UE is informed about a change in system information for switching on/off TRS/CSI-RS even if the TRS/CSI-RS configuration is not changed
Option 2 seems to be the simplest by taking the indication apart from the configuration. However, to introduce a bitmap or bitmaps to indicate the availability of single or multiple TRS/CSI-RS(set) can be consider further based on more RAN1’s input.
Observation 3: It is important to separate the provisioning of availability of TRS/CSI-RS to the UE from the TRS/CSI-RS configuration for use.
Observation 4: To convey the availability of TRS/CSI-RS by bitmap (s) outperforms the implicit way if multiple TRS/CSI-RS sets are considered further based on more RAN1’s input.
Issue3: How to update the availability and/or configuration of TRS/CSI-RS?

The first question is whether configuration of TRS/CSI-RS would be frequently updated. From the NW side there is a strong concern about the possible signalling load when the TRS availability and/or configuration frequently changes and the UEs in Idle/Inactive mode would need to be updated. We think at least the configuration of TRS/CSI-RS would not be frequently changed because the gNB has control on what TRS/CSI-RS resources are configured for connected UEs. And gNB is designed to serve many UEs. Once a UE goes to idle mode, the other UEs can still be in connected mode so that the configuration of TRS/CSI-RS for idle/inactive UEs does not need to be changed frequently. Since RAN1 has captured that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted, it is understood that the availability of TRS/CSI-RS can be more frequently than the configuration of TRS/CSI-RS. But more RAN1 input is needed.
Observation5: At least the configuration of TRS/CSI-RS would not be frequently changed.
If RAN1 can agree that the availability of TRS/CSI-RS is not be frequently changed either, option1 (a bitmap(s) in SIB-x) can work well without any enhancement. However, if RAN1 can agree that the availability of TRS/CSI-RS will be more frequently changed than TRS/CSI-RS configuration, having a separate provisioning of availability of TRS/CSI-RS in RMSI from the TRS/CSI-RS configuration for use seems to be a better idea (option2). The legacy system updated way can work well. The UE in Idle/Inactive mode is informed about a change in system information via Paging. When the UE receives in indication of SI change via short message, the UE further checks value Tag for SIB-x and determines whether it need to be re-acquired or not. An example of is illustrated below:

[image: image1]
Figure 1 illustration of updating of availability and/or configuration of TRS/CSI-RS by option2
Note:
Modification period1: UE1 checks availability flag in RMSI (the green box) and request for SIB-x and acquires SIB-x in the SI-window. The network can set the availability flag on or off. The off flag means the configured TRS/CSI-RS resource is valid but not actually transmitted at gNB;
Modification period2: Other UEs will get the updated availability and configuration by checking the availability flag in RMSI (the green box) as well as SIB-x. As an example, the network sets the broadcast flag for SIB-x in the above figure;
Modification period3: Paging DCI indicates the updated configuration in the next modification period;

Modification period4: Paging DCI indicates the updated availability flag in the next modification period. The UE does not need to re-acquire the SIB-x;

Modification period5: Paging DCI indicates the updated both the availability flag and the configuration in the next modification period. The UE needs to re-acquire the availability flag as well as the SIB-x.

While for option3 (the implicitly way), as analysed before, if RAN1 confirms that a single TRS/CSI-RS resource would be configured, that works well. If RAN1 confirms that multiple TRS/CSI-RS resources, it has the drawback as option1 and it seems too complex to study.
Proposal 2 RAN2 to consider providing the availability of TRS/CSI-RS in SIB system information by a bitmap(s) in RMSI ;
Proposal 3 RAN2 to consider updating the availability of TRS/CSI-RS in RSMI and updating the configuration in SIB-x by system information change separately;
And we think a LS should be sent to RAN1 to give some RAN2’s preference.
Proposal 4 A LS should be sent to RAN1 to give some RAN2’s preference;
· How to provide TRS/CSI-RS configuration from RAN2 perspective;

· How to provide the availability of TRS/CSI-RS from RAN2 perspective;

· How to update the availability and/or configuration of TRS/CSI-RS.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Observation 1: RMSI is not used to expose TRS/CSI-RS configuration.

Observation 2: Existing SIB (e.g.SIB2) is not used to expose TRS/CSI-RS configuration.

Observation 3: It is important to separate the provisioning of availability of TRS/CSI-RS to the UE from the TRS/CSI-RS configuration for use.
Observation 4: To convey the availability of TRS/CSI-RS by bitmap (s) outperforms the implicit way if multiple TRS/CSI-RS sets are considered further based on more RAN1’s input.
Observation5: At least the configuration of TRS/CSI-RS would not be frequently changed.

Proposal 5 RAN2 to consider providing the TRS/CSI-RS configuration in a new SIB, e.g. SIB-x. system information:

Proposal 6 RAN2 to consider providing the availability of TRS/CSI-RS in SIB system information by a bitmap(s) in RMSI ;
Proposal 7 RAN2 to consider updating the availability of TRS/CSI-RS in RSMI and updating the configuration in SIB-x by system information change separately;
Proposal 8 A LS should be sent to RAN1 to give some RAN2’s preference;
· How to provide TRS/CSI-RS configuration from RAN2 perspective;

· How to provide the availability of TRS/CSI-RS from RAN2 perspective;

· How to update the availability and/or configuration of TRS/CSI-RS.
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