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Introduction
RAN1 discussed the signalling aspect for the TRS/CSI-RS mechanism and achieved some agreements in RAN1#102-e meeting and RAN1#103-e meeting. Based on the RAN1 progress, RAN2 needs to start the signalling design work.
In this contribution, we discuss potential impacts of providing connected-mode TRS/CSI-RS to idle/inactive-mode UEs from RAN2's perspective.
Discussion
General considerations
According to agreements from RAN1#102-e meeting and RAN1#103-e meeting presented below, the configuration of TRS/CSI-RS is provided by higher layer signalling and the signalling candidates include e.g., SIB, dedicated RRC signalling, etc. Besides, whether and how the network provides the TRS/CSI-RS availability information to idle/inactive-mode UEs is for further study. These aspects involve signalling and procedure design.
	RAN1#102-e
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.)

Agreement:
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



	RAN1#103-e
Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2

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.



As stated in the WID, the TRS/CSI-RS mechanism should be specified with considerations on minimizing the system overhead impact. Besides, this mechanism, as a power saving enhancement feature, may not be supported by all UEs. Hence, we think a basic principle should be that the TRS/CSI-RS mechanism does not impact legacy operations. For instance, legacy UE and network behaviours related to TRS/CSI-RS operations in connected mode should not be adapted, legacy reference signal or other irrelevant configurations should not be changed, etc.
Proposal 1: Providing potential TRS/CSI-RS available in connected mode to idle/inactive-mode UEs should not impact legacy operations.
Signalling and procedure aspects
As indicated by RAN1, there can be multiple ways to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs. Besides, the approach to inform idle/inactive-mode UEs the availability of TRS/CSI-RS is still under discussion.
In this section, we analyse potential RAN2 impacts and follow-up work in terms of various alternatives.
The signalling design
· Providing TRS/CSI-RS configuration
The main signalling candidates for transmitting the TRS/CSI-RS configuration to idle/inactive-mode UEs include the system information and the dedicated RRC signalling, among which RAN1 has reached consensus that SIB would be utilized [1]. Other solutions are not precluded for now.
· System information
Broadcasting via the system information is the usual way to provide idle/inactive-mode UEs with information, which is also straightforward for the TRS/CSI-RS mechanism. To adopt this approach, the following issues need further considerations:
· Which SIB to include the TRS/CSI-RS configuration. More specifically, whether the existing SIBs are capable of containing the information or a new dedicated SIB is required to be introduced.
· How to design the TRS/CSI-RS configuration, including e.g., the IE structure and contents with considerations on reducing the signalling overhead.
Detailed designs may depend on RAN1’s conclusions on the specific configuration content.
Generally we think using a new SIB is preferred. Considering that the number of TRS/CSI-RS may be large to ensure the performance of this mechanism, the size of the configuration may also be relatively large. Hence, introducing a new SIB can accommodate more contents. Besides, the TRS/CSI-RS configuration may only be concerned by certain UEs, putting such information in a new SIB can avoid irrelevant UEs to receive unnecessary information.
Proposal 2: A new SIB is used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
To ensure IDLE/INACTIVE mode UEs can use the assistance RS, several parameters are necessarily to be informed, such as time/frequency resource, sequence generating parameter of the RS, periodicity/offset, QCL parameters and so on. These parameters for a RS resource may require about 70~80 bits after ASN.1 coding. On the other hand, observation 1 shows that multiple RS resources would be configured to help the UEs in different POs/MOs. According to TS 38.331, i.e. “NOTE: The physical layer imposes a limit to the maximum size a SIB can take. The maximum SIB1 or SI message size is 2976 bits”, the maximum TBS of SIB is 2976 bits, which means only about 40 RS resources can be configured. It is questionable whether 40 RS resources are sufficient considering there can be at most 64 beams in FR2.
To reduce the signalling overhead, one possible way is to get the values of some parameters pre-defined in spec. However, it obviously reduce gNB flexibility. What’s more, since the RS occasions are usually for CONNECTED mode UE, restricting the configuration may even have impact on Rel-15/16 network. Another possible way is to configure the RS resources in two parts, one part is common information, and the other part is RS-specific information. Figure 1 illustrates how the overhead is reduced. There are N RS resources and each resource have M parameters. If the parameter 1 and parameter 2 are the same for N resources, then parameter 1 and parameter 2 can be configured only one time instead of N times. Which parameters belong to common information or RS-specific information will be discussed in RAN1.
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[bookmark: _Ref51342793]Figure 1. Example of signalling structure with reduced overhead
Proposal 3: For the case that assistance RS is configured by SIB, the signalling overhead should be minimized, e.g. the configuration of the assistance RS comprises a common part and a RS-specific part.
· Dedicated RRC signalling
Another alternative for providing information to idle/inactive-mode UEs is to use dedicated RRC signalling when these UEs are still in connected mode, e.g., via the RRCRelease message. Through this way, the TRS/CSI-RS configuration can be directly transmitted to each relevant UE and it is possible to provide different configurations on UE’s basis if needed. 
This approach, however, cannot cover the case, e.g. the configured TRS/CSI-RS configuration changes after a certain period and dedicated RRC messages are not suitable for sending information to UEs in non-connected states. Besides, it is very likely that the configuration provided by one cell is not valid in another cell, which means that when the UE reselects to a new cell, the previous configuration can no longer be utilized and a new configuration in idle/inactive mode needs to be provided. On the other hand, it does not have overhead restriction (discussed above for SIB), and may cost less signalling overhead compared with periodic broadcast signalling since the dedicated signalling is one-shot even for several specific UEs.
Proposal 4: To further discuss whether dedicated RRC signalling, e.g. RRCRelease message can be used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
· Other solutions
As mentioned in RAN1 agreements, pre-configuration is a possible means, and it is feasible to use paging to transmit information to idle/inactive-mode UEs. These approaches, however, may not be optimal considering signalling flexibility or available message size and further analysis is needed.
Observation 1: The benefits of providing TRS/CSI-RS configuration via other solutions (e.g., pre-configuration, paging message, etc.) are not clear for now.
· Informing TRS/CSI-RS availability
According to RAN1, whether and how to inform the availability of TRS/CSI-RS will be studied and discussed further. Considering that the TRS/CSI-RS transmission by gNB cannot be assumed to be always-on, i.e., the availability of TRS/CSI-RS is variable, in our view, the updated information should be available to the UE. Otherwise, the UE may need blind detection which requires additional UE power consumption and deteriorates the power saving gain and performance of the TRS/CSI-RS mechanism.
Possible alternatives include system information, paging, L1 signalling, etc. and may depend on the signalling used for providing the TRS/CSI-RS configuration. For instance, in case the TRS/CSI-RS configuration is provided via system information, the TRS/CSI-RS availability information can accordingly be broadcast in SIB or transmitted by paging (e.g., in the paging DCI or paging message). 
Besides, the early transmitted paging information mechanism which informs the UE whether to monitor the following PO(s) is to be supported from RAN1 perspective. This early information, if introduced, may also be utilized to carry the TRS/CSI-RS availability information depending on RAN1’s design.
Observation 2: The TRS/CSI-RS availability information should be considered for reducing additional UE power consumption brought by blind detection.
Proposal 5: RAN2 to discuss potential RAN2 impacts of the signalling candidates for informing TRS/CSI-RS availability based on RAN1 progress, with considerations on minimizing the signalling overhead and negative impact on UE power consumption.
The procedure impact
Since the system information is very much the most likely way to provide the TRS/CSI-RS configuration, in this section, we investigate potential impacts on existing procedures based on the premise that the TRS/CSI-RS configuration is broadcast in system information.
Currently, when the system information changes, SI modification procedure is used. If the existing SI modification procedure is reused for the TRS/CSI-RS mechanism, the impact on legacy operation needs further considerations.
For example, in case the change of TRS/CSI-RS information is frequent, the SI modification would also be frequent. If the current SI modification procedure is directly reused without any enhancements, all UEs will be informed of SI change and subsequently acquire system information, resulting in that irrelevant UEs (e.g., legacy UEs or UEs not supporting/using the TRS/CSI-RS mechanism) perform unnecessary SI update and waste power.  
Besides, in the current SI modification procedure, the network should send SI change indication within a preceding modification period and updated SI message is broadcast in the next modification period, i.e., the system information can only be modified at certain time boundaries. Hence, if the SI modification procedure is reused for the TRS/CSI-RS mechanism, the network will not be able to modify the TRS/CSI-RS configuration at any time. These reference signals, however, are actually intended to be used by connected-mode UEs. The constraint caused by the TRS/CSI-RS mechanism may affect the use of the TRS/CSI-RS in connected-mode, which impacts the performance of connected-mode UEs.
Proposal 6: The impact of the TRS/CSI-RS information update on SI modification procedure and connected-mode operations should be minimized.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss potential RAN2 impacts and work in terms of providing connected-mode TRS/CSI-RS to idle/inactive-mode UEs. Observations and proposals are summarized as below.
Proposal 1: Providing potential TRS/CSI-RS available in connected mode to idle/inactive-mode UEs should not impact legacy operations.
Proposal 2: A new SIB is used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
Proposal 3: For the case that assistance RS is configured by SIB, the signalling overhead should be minimized, e.g. the configuration of the assistance RS comprises a common part and a RS-specific part.
Proposal 4: To further discuss whether dedicated RRC signalling, e.g. RRCRelease message can be used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
Observation 1: The benefits of providing TRS/CSI-RS configuration via other solutions (e.g., pre-configuration, paging message, etc.) are not clear for now.
Observation 2: The TRS/CSI-RS availability information should be considered for reducing additional UE power consumption brought by blind detection.
Proposal 5: RAN2 to discuss potential RAN2 impacts of the signalling candidates for informing TRS/CSI-RS availability based on RAN1 progress, with considerations on minimizing the signalling overhead and negative impact on UE power consumption.
Proposal 6: The impact of the TRS/CSI-RS information update on SI modification procedure and connected-mode operations should be minimized.
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