[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #112 electronic          	          R2-2010245
Online, 2nd - 13th November, 2020

[bookmark: _GoBack]Agenda Item:	8.9.2
Source: 	Huawei, HiSilicon
Title: 	On potential TRS/CSI-RS for idle/inactive-mode UE
Document for:	Discussion and decision
Introduction
According to the WID on UE power saving enhancements for NR [1], providing potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs is one of the objectives, which is to be specified and under RAN1’s discussion now.
	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 #102-e 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 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 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.
	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.


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. 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. If this approach is adopted, the following issues may need 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 depend on RAN1’s conclusions and we can further discuss these issues based on RAN1 progress.
Observation 1: The system information is a straightforward way to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs. Potential issues to be considered include:
· Which SIB to include the TRS/CSI-RS configuration (e.g., an existing SIB or a new SIB).
· How to design the TRS/CSI-RS configuration (e.g., the IE structure and contents with considerations on reducing the signalling overhead).
· 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, may not be able to work alone. For example, the configured TRS/CSI-RS configuration may change 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. Overall the signalling load to individually provide each UE with the configuration for every new cell using dedicated signalling would be significantly higher than use of broadcast signalling. 
Observation 2: The dedicated RRC signalling is a candidate for providing the TRS/CSI-RS configuration, but cannot work alone considering that the update/(re)acquiring of TRS/CSI-RS information is needed for 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.
· 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 can be transmitted by paging (e.g., in the paging DCI or paging message). For example, the early transmitted paging information mechanism which informs the UE whether to monitor the following PO(s) is under discussion. This early information, if introduced, may also be utilized to carry the TRS/CSI-RS availability information depending on RAN1’s design.
Observation 3: The TRS/CSI-RS availability information should be considered for reducing additional UE power consumption brought by blind detection.
Proposal 2: RAN2 to discuss potential RAN2 impacts of the signalling candidates for providing TSR/CSI-RS configuration and informing TRS/CSI-RS availability based on RAN1 conclusions, 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 3: 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.
Observation 1: The system information is a straightforward way to provide the TRS/CSI-RS configuration to idle/inactive-mode UEs. Potential issues to be considered include:
· Which SIB to include the TRS/CSI-RS configuration (e.g., an existing SIB or a new SIB).
· How to design the TRS/CSI-RS configuration (e.g., the IE structure and contents with considerations on reducing the signalling overhead).
Observation 2: The dedicated RRC signalling is a candidate for providing the TRS/CSI-RS configuration, but cannot work alone considering that the update/(re)acquiring of TRS/CSI-RS information is needed for idle/inactive-mode UEs.
Observation 3: The TRS/CSI-RS availability information should be considered for reducing additional UE power consumption brought by blind detection.
Proposal 2: RAN2 to discuss potential RAN2 impacts of the signalling candidates for providing TSR/CSI-RS configuration and informing TRS/CSI-RS availability based on RAN1 conclusions, with considerations on minimizing the signalling overhead and negative impact on UE power consumption.
Proposal 3: The impact of the TRS/CSI-RS information update on SI modification procedure and connected-mode operations should be minimized.
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