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1. Introduction

In RAN1#103e, one LS [1] on TRS/CSI-RS for idle/inactive mode UEs has been sent to RAN2:

	In RAN1#103-e, RAN1 agrees the high level principle on signalling method for the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE (s) in Rel-17 UE power saving enhancements. RAN1 would like to inform RAN2 the following related agreements:

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

For the additional information, RAN1 would like to inform RAN2 the following related agreements made in RAN1#102-e:

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:

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 RAN2#113-e meeting, the configuration of TRS/CSI-RS for idle mode UEs was initially discussed, and the following agreements were made:
	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.

 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;


And the following are remaining issues for idle-mode power saving enhancements in RAN2:
	· Discuss and decide whether and how dedicated high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) can be additionally utilized with justification.

· Discuss and decide SIB type, Option 2 (Existing SIB) or Option 3 (New SIB type), for providing the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s), based on RAN1 design on detailed configurations.


This contribution will continue to discuss the remaining issues. Besides, the other RAN2 impacts on TRS/CSI-RS in idle/inactive mode, e.g. update of TRS/CSI-RS configuration and the availability will also be discussed.
2. Discussion

The TRS/CSI-RS configuration can be used for idle/inactive mode UEs for power saving purpose according to the LS from RAN1 [1]. RAN2 is responsible for discussing how to provide the configuration of TRS/CSI-RS configuration for idle/inactive UEs with minimal impact to legacy UEs, mainly focus on which SIB could be used and whether or not to additionally support other high-layer signaling methods. Furthermore, in our understanding, how to update the configuration of TRS/CSI-RS for idle/inactive UE and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE could also be discussed in RAN2.

2.1 Configuration of TRS/CSI-RS in idle/inactive mode
According to the agreement from RAN2#113e, at least the SIB can be used to provide the configuration of TRS/CSI-RS for idle/inactive UEs[2]. In the following, we will discuss which SIB to contain this configuration from the perspective of the size of idle/inactive TRS/CSI-RS configuration and the functionality of each SIB.
Firstly, the physical layer imposes a limit to the maximum size a SIB can take and the maximum SI message size is 2976 bits. Therefore, the existing SIB is not expected to be used if the size of idle/inactive TRS/CSI-RS configuration is too large.  
There is an agreement on the configuration of idle/inactive TRS/CSI-RS in RAN1#104-e meeting[3]: 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
And an agreement in RAN1#105-e meeting [4]:

Support applicable values for the following configuration parameters as below.

· powerControlOffsetSS: {-3, 0, 3, 6}dB

· scramblingID: 0 to 1023

· firstOFDMSymbolInTimeDomain: 0 to 9 

· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4

· startingRB: 0 to 274

· nrofRBs: 24 to 276

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 

Taking account of the fact that the actual number of TRS/CSI-RS resources/resource sets that should be included in the idle/inactive TRS configuration is unclear, it is hard to determine the size of the configurations by now. However, based on RAN1 current agreement on configuration, a rough estimation of the configuration can be obtained which is at least 53 bits for one periodic TRS resource, and the actual size will be larger since RAN1 may continue to discuss and add other parameters for idle/inactive TRS configuration. Moreover, the maximum number of NZP CSI-RS resources per resource set is 64 according to the current CSI-RS configuration, thus, the configuration of idle/inactive TRS may need 3392 bits which is more than the maximum SI message size. Therefore, we think it is not suitable to use the existing SIB to provide the configuration of TRS/CSI-RS in idle/inactive mode. 
Besides, it makes sense to put the configurations for same or similar function in one SIB. The existing SIBs other SIB1 with their functions are summarized as follow:

	-
SIB2 contains cell re-selection information, mainly related to the serving cell;

-
SIB3 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SIB4 contains information about other NR frequencies and inter-frequency neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters), which can also be used for NR idle/inactive measurements;

-
SIB5 contains information about E-UTRA frequencies and E-UTRA neighbouring cells relevant for cell re-selection (including cell re-selection parameters common for a frequency as well as cell specific re-selection parameters);

-
SIB6 contains an ETWS primary notification;

-
SIB7 contains an ETWS secondary notification;

-
SIB8 contains a CMAS warning notification;

-
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC);

-
SIB10 contains the Human-Readable Network Names (HRNN) of the NPNs listed in SIB1;

-
SIB11 contains information related to idle/inactive measurements;

 -
SIBpos contains positioning assistance data as defined in TS 37.355 and TS 38.331.
For sidelink, Other SI also includes:
-
SIB12 contains information related to NR sidelink communication;
-
SIB13 contains information related to SystemInformationBlockType21 for V2X sidelink communication as specified in TS 36.331 clause 5.2.2.28;

-
SIB14 contains information related to SystemInformationBlockType26 for V2X sidelink communication as specified in TS 36.331 clause 5.2.2.33.


It can be seen that SIB6 to SIB8 are used to provide emergency information, SIB9 contains time related information and SIB10 is used in NPN. Besides, SIBpos is for positioning assistance data and SIB12 through SIB14 are used to provide sidelink related information. These SIBs correspond to clear functionality and are very different from the functionality of idle/inactive TRS/CSI-RS configuration. Therefore, we prefer not to use the above SIBs to provide idle/inactive TRS/CSI-RS configuration.
SIB2 to SIB5 contain the cell re-selection information. According to RAN1’s agreement, idle/inactive TRS/CSI-RS can't support RRM measurement for neighbour cells, and there is no consensus on whether or not the idle/inactive TRS/CSI-RS can provide RRM measurement for serving cells. Hence, idle/inactive TRS has no connection with cell re-selection and using SIB2 to SIB5 can be excluded.
Lastly, SIB11 contains information related to idle/inactive measurements. However, its purpose is to support fast setup MR-DC and/or CA. Moreover, it’s worth noting that not all cells support early measurement since SIB11 may not exist in one cell. Therefore, we are not expected to use SIB11 to provide idle/inactive TRS/CSI-RS configuration.

Furthermore, in order to avoid the impact on legacy UEs, introducing a new SIB (e.g. SIBx) to provide the TRS/CSI-RS configuration in idle/inactive mode is preferred. In this case, only the UEs that support idle/inactive TRS/CSI-RS need to acquire the new SIB when TRS/CSI-RS configuration has changed. 
 It can be seen there is no suitable SIB in existing SIBs to provide the idle/inactive TRS/CSI-RS configuration and using new SIB has little impact on other UEs. 
Proposal 1: TRS/CSI-RS configuration for idle/inactive UEs should be included in a new SIB (e.g. SIBx).
Regarding whether and how dedicated high-layer signalling methods can be additionally utilized, there is a high probability that network could provide the same TRS/CSI-RS configuration in connected mode when release/suspend UEs. Thus, in order to keep the flexibility for network side, we think additionally support other high-layer signalling methods to provide the configuration of TRS/CSI-RS for idle/inactive UEs is reasonable, e.g. by RRC release/suspend message. The high-layer signalling can provide additional TRS/CSI-RS configurations than SIB which are available upon UE enters RRC_IDLE. And when the UE receives both   idle/inactive TRS/CSI-RS configuration from SIB and high-layer signalling, which configuration is valid should be further studied.
Proposal 2: TRS/CSI-RS configuration for idle/inactive UEs could be additionally provided in RRC release/suspend message when leaving from connected mode. Details could be further discussed.
2.2 Change of TRS/CSI-RS configuration in idle/inactive mode

Considering using SIB to provide the configuration, the change of TRS/CSI occasion(s) will lead to SI change.  While the TRS/CSI-RS configuration which is used to provide the TRS/CSI-RS occasion(s) to idle/inactive UEs is expected to be less likely to change, the additional overhead for the update of TRS/CSI-RS configuration can be limited. In this way, the change of TRS/CSI-RS configuration can be indicated to UE by the existing SI change procedure. 
To further reduce the impact on legacy UE, some optimizations could be considered, e.g. using short message to indicate the change of TRS/CSI-RS configuration, only the UEs supporting idle/inactive TRS/CSI-RS need to acquire the updated SI in the next modification period. There is no impact on legacy UEs. 

Besides, PEI in idle/inactive is being discussed in this WI for paging enhancement. If the cell supports PEI, using PEI to indicate the change of TRS/CSI-RS configuration is possible. However, the PEI may not be configured/supported for UEs which support idle/inactive TRS/CSI-RS, and whether the indication can be delivered in PEI also depends on the signal/channel design of PEI. Thus, this further optimization should be further study.

Proposal 3: The change of TRS/CSI-RS configuration in SIB could follow legacy SI change procedure. FFS on further optimization, e.g., by paging short message or PEI.

2.3 Availability of TRS/CSI-RS in idle/inactive mode
Based on RAN1 #104bis-e and RAN1#105e, RAN1 has the working assumption that using L1 based signalling for the availability indication of TRS/CSI-RS at the configured occasion(s):
	Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.



From our perspective, paging PDCCH is a good choice. In current design for paging DCI, there are several reserved bits, which are highlighted in the following table.

Table 1. DCI format of paging PDCCH
	DCI field
	Number of bits

	Short message indicator
	2

	Short Messages 
	8, 5 bits reserved (*Note)

	Frequency domain resource assignment
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	Time domain resource assignment
	4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	TB scaling
	2

	Reserved bits
	6

	*Note: In short message, the first bit is used to indicate system information modification, and the second bit is used to indicate ETWS and/or CMAS. The 4th – 8th bits are reserved.


As shown in the above table, there are 11 bits available in paging DCI. Hence the availability of TRS/CSI-RS could be indicated by the reserved bits in paging DCI for idle/inactive UEs. Network can flexibly switch on/off the TRS/CSI-RS resources configured by SIB through paging DCI. Note that, the reserved bits in paging DCI are ignored by legacy UEs, so that there is no impact on legacy UEs.

As for PEI, it may not be suitable since there are some UEs supporting idle/inactive TRS may not support PEI, 

We think RAN1 should consider this issue if support PEI based availability indicationis agreed.
Besides, using SIB based signalling for availability information is still being discussed in RAN1, as below [4]:

	Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.

FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously


We don’t expect that the availability indication in SIB if the availability change frequently, anyway, it’s up to RAN1 to decide the conditions that supporting SIB based signaling for availability information of TRS/CSI-RS occasions. 
Proposal 4: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH PDCCH. 
3. Conclusion

In this paper, we discuss the mechanism for idle/inactive mode UEs to supporting TRS/CSI-RS from RAN2 perspective. Based on the discussion, we have the following observations and proposals:
Proposal 1: TRS/CSI-RS configuration for idle/inactive UEs should be included in a new SIB (e.g. SIBx).

Proposal 2: TRS/CSI-RS configuration for idle/inactive UEs could be additionally provided in RRC release/suspend message when leaving from connected mode. Details could be further discussed.
Proposal 3: The change of TRS/CSI-RS configuration in SIB could follow legacy SI change procedure. FFS on further optimization, e.g., by paging short message or PEI.

Proposal 4: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH PDCCH. 
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