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Introduction
During previous meetings, RAN2 discussed the signalling for providing and updating the TRS/CSI-RS configuration [1]. Meanwhile, RAN1 discussed the content of TRS/CSI-RS configuration and the availability issue.
In this contribution, we further discuss the signalling design for providing TRS/CSI-RS configuration based on the latest progress in RAN2 and RAN1.
Discussion
Providing TRS/CSI-RS configuration
According to the conclusion in RAN2’s previous meeting, candidate solutions for providing TRS/CSI-RS configuration would include:
· SIB (existing or new SIB), and
· Other dedicated higher-layer signalling,
where the SIB signalling is the baseline and other higher-layer signalling can be additionally considered if justified.
	RAN2#113-e
[041] On signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):
SIB signalling is the baseline;
Other dedicated high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) can be additionally considered with justification. It is assumed they do not work alone.
[041] RAN2 will down select from the following options on SIB signalling providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s):
Option 2: Existing SIB, other than SIB1;
Option 3: New SIB type, e.g. SIB-x;


SIB signalling
· New SIB or existing SIB
For the SIB signalling, it was agreed that RAN2 will make a down selection between the existing SIB other than SIB1 and the new SIB.
Based on RAN1’s progress presented below, we think using a new SIB is preferred since RAN1 agreed that multiple RS resources can be provided to idle/inactive UEs. 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 content. In addition, the TRS/CSI-RS configuration may only be relevant to certain UEs, putting the information in a new SIB avoids impacting UEs not supporting this, including legacy UEs, as they would do not need to receive unnecessary information as would be the case if the information would be introduced in an existing SIB.
	RAN1#104-e
Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)



Proposal 1: A new SIB is used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
· Considerations on the configuration structure
As for the detailed configuration, to ensure that idle/inactive UEs can use the assistance RS, RAN1 has agreed that several parameters are necessary to be included in the configuration, such as time/frequency resource, sequence generating parameter of the RS, QCL information and so on. These parameters for an RS resource may require about 70~80 bits after ASN.1 coding. Besides, the above agreements show that multiple RS resources may be configured for e.g., UEs in different POs/MOs. However, according to TS 38.331, the maximum TBS of a 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.
	RAN1#104-e
Agreements:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB.
· nrofRBs,
· FFS other parameters
· FFS applicable values

RAN1#104bis-e
Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· FFS details of the QCL information, e.g. associated SSB index

RAN1#105-e
Agreement:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB
· FFS Configuration index
· details, 
· E.g. Per resource or resource set or group of resource sets
· E.g. explicit or implicit indication based on QCL source 




Observation 1: The maximum number of RS resources that can be configured in a SIB may be around 40 whereas there can be at most 64 beams in FR2, thus it is not clear whether 40 RS resources are sufficient.
Therefore, how to design the TRS/CSI-RS configuration, including e.g., the IE structure and contents with considerations on reducing the signalling overhead is a key issue. RAN1 discussed to pre-define some parameters in specification but the parameters should be very limited, as it is not preferred to reduce the gNB flexibility. In addition, since the RS occasions are usually for connected UEs, restricting configurations may even have impacts on Rel-15/16 network. 
As one potential solution, the configuration of RS resources can be divided into two parts, one part is common information, and the other part is RS-specific information. Fig.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.
[image: ]
Fig.1 Example of signalling structure with reduced overhead
Proposal 2: 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. Details depend on RAN1 progress.
Other higher-layer signalling
For other dedicated higher-layer signalling, a possible solution is to use the dedicated RRC messages when UEs are still in connected mode, e.g., via the RRCRelease message. This way, the TRS/CSI-RS configuration can be directly transmitted to each relevant UE and it is possible to provide different configurations on a per UE basis if needed. However, we have a consensus that this approach cannot work alone.
Considering that the RRC message does not have overhead restriction (discussed above for SIB), and may cost less in terms of signalling overhead compared with periodic broadcast signalling since the dedicated signalling is one-shot even for several specific UEs, we think we can further consider this approach when there are more conclusions from RAN1.
Proposal 3: Wait for more progress from RAN1 before determining whether dedicated RRC signalling, e.g. RRCRelease message can be used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
Updating TRS/CSI-RS configuration
Since the SIB signalling has been agreed as a way to provide the TRS/CSI-RS configuration, in this section we investigate potential impacts on existing procedures when updating the TRS/CSI-RS configuration based on the premise that the TRS/CSI-RS configuration is broadcast in SIB.
First, we think the TRS/CSI-RS configuration update issue and the TRS/CSI-RS availability issue should be differentiated and clarified. In our view, the TRS/CSI-RS configuration update refers to the configuration content modification which involves the SI change procedure while the TRS/CSI-RS availability refers to whether some of the TRS/CSI-RS configurations are available, e.g. multiple TRS/CSI-RS configurations can be broadcast by the network.
· Availability indication
For the TRS/CSI-RS availability issue, according to RAN1’s agreements, the TRS/CSI-RS availability is to be explicitly informed to idle/inactive UEs for avoiding UE’s blind detection. RAN1 agreed to support L1 based signalling and would further discuss e.g. the detailed L1 signalling design and whether SIB based signalling is needed. We can wait for more progress from RAN1.
	RAN1#105-e
Agreement:
Confirm the following working assumption:
· Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling



· Configuration update
For the TRS/CSI-RS configuration update issue, if the existing SI modification procedure is reused for the TRS/CSI-RS mechanism, the impact on legacy operation can be further considered in RAN2.
For example, in case the change of TRS/CSI-RS information is frequent, the SI modification will 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 (at least MIB, SIB1), 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 the 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 SI modification mechanism may affect the use of the TRS/CSI-RS in connected-mode, which impacts the performance of connected-mode UEs.
During the previous RAN2 meeting, some companies showed interest in the optimization of the SI change procedure. Hence, we propose to further consider this aspect. Possible enhancements for further study may be e.g.,
· How to ensure that the TRS/CSI-RS configuration modification only involves UEs that are using the TRS/CSI-RS mechanism or even more specifically using the RS resources which are changed.
· How to ensure that the network completes the TRS/CSI-RS configuration update procedure with less delay.
Proposal 4: Further optimization on the SI change procedure is considered to minimize the impact of the TRS/CSI-RS mechanism on legacy operations.
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.
Providing TRS/CSI-RS configuration
Proposal 1: A new SIB is used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.
Observation 1:	The maximum number of RS resources that can be configured in a SIB may be around 40 whereas there can be at most 64 beams in FR2, thus it is not clear whether 40 RS resources are sufficient.
Proposal 2: 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. Details depend on RAN1 progress.
Proposal 3: Wait for more progress from RAN1 before determining whether dedicated RRC signalling, e.g. RRCRelease message can be used to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs.

Updating TRS/CSI-RS configuration
Proposal 4: Further optimization on the SI change procedure is considered to minimize the impact of the TRS/CSI-RS mechanism on legacy operations.
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