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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.


During the discussion in RAN1#102e [2] and #103e meeting [3], RAN1 has made a great progress on sharing the TRS/CSI-RS occasion(s) for connected mode UEs to idle/inactive mode UEs. RAN2 could start discussing the signaling aspects of TRS/CSI for idle/inactive mode UEs based on RAN1 conclusions. 

In this contribution, we will discuss RAN2 impacts on TRS/CSI-RS in idle/inactive mode, and the potential solutions for the configuration and the availability of the TRS/CSI-RS for idle/inactive mode UEs.

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 on 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, whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE could also be discussed in RAN2.

2.1 General mechanism for TRS/CSI-RS in idle/inactive mode

Based on the LS from RAN1, it could be found that configuration of TRS/CSI-RS for idle/inactive UEs are configured at least by SIB, and maybe additional high layer signaling, while whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UEs are further study. Thus, there are two mechanisms for TRS/CSI-RS in idle/inactive mode UEs:

a) There is no availability of TRS/CSI-RS to idle/inactive mode UEs. In This mechanism, the configuration of TRS/CSI-RS for idle/inactive UEs in SIB is always assumed available for idle/inactive UEs. Any change of configuration or change between whether it is available for idle/inactive UEs could be based on the existing SI change mechanism or indicated by other signaling, e.g. paging DCI or PEI. 
b) There is availability of TRS/CSI-RS to idle/inactive mode UEs. In this mechanism, the configuration of TRS/CSI-RS for idle/inactive UEs in SIB is always assumed available for idle/inactive UEs. The change of configuration could be based on the existing SI change mechanism. The availability of the configured TRS/CSI-RS for idle/inactive UEs is indicated by other signaling, e.g. paging DCI or PEI.
As we known, the configuration of TRS/CSI-RS could be assumed quite stable, while whether the TRS/CSI-RS configuration is available for idle/inactive UEs are change (dynamically, but maybe not so frequently). 

· For option a), the change on whether the configuration of TRS/CSI-RS in SIB could be used by idle/inactive UEs will be informed by paging DCI or other signaling. In order to obtain the latest available configuration of TRS/CSI-RS, UEs in idle/inactive mode need to monitor the signaling for change notification and receive the updated SIB for TRS/CSI-RS. 
· For option b), UEs in idle/inactive mode always have the configuration of TRS/CSI-RS from SIB. In order to obtain the latest available configuration of TRS/CSI-RS, UEs in idle/inactive mode only need to monitor the signaling for availability. There is no need to receive any SIB for TRS/CSI-RS.
In our understanding, both options work well. The impact on legacy UEs is the same: either no impact (if there is additional notification on the change of TRS/CSI-RS) or same impact (if there is no additional notification on the change of configuration on TRS/CSI-RS). The only differentiation is that, option a) needs to monitor the signaling for change notification and receive the updated SIB for TRS/CSI-RS, while option b) only needs to monitor the signaling for availability. There is no need to receive any SIB for TRS/CSI-RS. Thus, we slightly prefer option b).
Proposal 1: RAN2 confirm that TRS/CSI-RS for idle/inactive UEs can be configured by at least SI, and the availability on whether it could be used for idle/inactive UEs is indicated by additional signaling.
2.2 Configuration of TRS/CSI-RS in idle/inactive mode

According to the agreement made in RAN1#103e [3], at least the SIB can be used to provide the configuration of TRS/CSI-RS for idle/inactive UEs. In the following, we will discuss which SIB to contain this configuration.
In TS 38.331 [4], SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. It also contains radio resource configuration information that is common for all UEs and barring information applied to the unified access control. Since the configuration of TRS/CRS-RS obviously belongs to radio resource configuration information, using SIB1 to provide the TRS/CSI-RS configuration seems like a straightforward way. 

Observation 1: Using SIB1 to provide the TRS/CSI-RS configuration for idle/inactive UEs is a straightforward way.

However, the primary issues should be considered is the size of SIB1 after including the configuration of TRS/CSI-RS, like the discussion in Rel-15 and Rel-16. If TRS/CSI-RS configuration has a large signaling size, it isn’t a preferred way to include the configuration in SIB1.

In current TS 38.331, it can be seen that the configuration of TRS/CSI-RS for connected mode UEs is complicated, and several RRC information elements involved. For one NZP CSI-RS Resource set, which corresponding to the RRC IE NZP-CSI-RS-ResourceSet, contains a set of Non-Zero-Power (NZP) CSI-RS resources (their IDs) and set-specific parameters. And the NZP CSI-RS resource which corresponding to the RRC IE NZP-CSI-RS-Resource includes the NZP CSI-RS resource ID, the resource mapping of a NZP CSI-RS resource in time and frequency domain, the powerControlOffset which stand for the power offset of PDSCH RE to NZP CSI-RS RE, the powerControlOffsetSS, scramblingID, qcl-InfoPerioficCSI-RS for aperiodic, periodic and semi-persistent NZP CSI-RS resource and periodicity, offset for periodic and semi-persistent NZP CSI-RS resource. 

It can be observed that multiple CSI-RS resource sets may be configured for connected mode UEs and one resource set includes a number of CSI-RS resources. In order to keep the flexibility for network configuration, it is more reasonable to re-use TRS/CSI-RS configuration for connected mode UE in idle/inactive mode. In this way, the size may be very large when the number of resource sets or the number of resources in one set increases. Thus, using SIB1 to configure the TRS/CSI-RS configuration for idle/inactive UEs is not a preferred choice.  

However, if RAN1 agreed that some simplifications for TRS/CSI-RS configuration in idle/inactive mode since the functionality of connected mode may not be always needed for idle/inactive mode UEs, or not all configuration parameters in connected mode are necessary for idle/inactive mode UEs, the size may be acceptable for SIB1.

Observation 2: Using SIB1 to provide the TRS/CSI-RS configuration for idle/inactive UEs is not suitable when the configuration has a large size.

Regarding the case that the signaling size of TRS/CSI-RS configuration is too large in SIB1, using the existing SIB or introducing a new SIB to provide TRS/CSI-RS configuration needs to be discussed.

In our understanding, using the existing SIB other than SIB1 has a large impact on legacy UEs since the change of TRS/CSI-RS configuration will cause SI change, so that all UEs in the cell need to acquire SIB1 and the corresponding SIB which provides the TRS/CSI-RS configuration based on SI change and acquisition procedure. Moreover, it will destroy the coherence of functionality in the SIB by using the existing SIB other than SIB1 to configure the TRS/CSI-RS in idle/inactive mode. 

In order to avoid the impact on legacy UEs, we prefer to introduce a new SIB (e.g. SIBx) to provide the TRS/CSI-RS configuration in idle/inactive mode. 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. 

Proposal 2: TRS/CSI-RS configuration for idle/inactive UEs should be included in a new SIB (e.g. SIBx), or SIB1 (if size allowed).

Additionally, there is 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 detailed TRS/CSI-RS configuration message for idle/inactive mode UEs could be same with its configuration in connected mode, or with the configuration for other UEs in the cell, which could be further studied. 

Proposal 3: 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.

2.3 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. Considering the agreements made in RAN1#102e meeting [2], the availability of TRS/CSI-RS at the configured occasion(s) corresponds to the information for whether TRS/CSI-RS is actually transmitted or not. We would like to inform the availability on TRS/CSI-RS for idle/inactive mode UEs separately from the configuration, i.e. the change of availability on TRS/CSI-RS would not lead to the change of TRS/CSI-RS configuration. In this case, the TRS/CSI-RS configuration is less likely to change frequently, hence the additional overhead for the change 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. But this mechanism may have some impact on legacy UE. For example, any change of TRS/CSI-RS configuration will cause SI change procedure for all UEs. Thus, in order to avoid the impact on legacy UEs, further optimization 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 to legacy UEs. This further optimization could be further discussed. 

Besides, PEI in idle/inactive is being discussed in this WI for paging enhancement. There may be possible that SI change notification is indicated in PEI. Accordingly, the change of TRS/CSI-RS configuration can also be indicated in PEI, if supported. But the PEI may not be configured/supported for all UEs which support TRS/CSI-RS, Moreover, whether the indication can be delivered in PEI also depends on the signal/channel design of PEI. Thus, this further optimization should be also FFS.

Proposal 4: 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.

2.4 Availability of TRS/CSI-RS in idle/inactive mode

If the above Proposal 1 is agreeable and considering the agreements made in RAN1#102e meeting [2], the availability of TRS/CSI-RS needs to be indicated for idle/inactive mode UEs. There are two approaches for availability indication: a) in SI; b) in Paging DCI. It is obvious that availability indication in SI is not appropriate, as there may be impact on legacy UEs. Thus, we think the TRS/CSI-RS availability indication can be delivered in paging DCI. 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. The 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.

Furthermore, similar to what we discussed above, the availability indication can also be transmitted by PEI, if supported. But PEI for paging reception and TRS/CSI-RS in idle/inactive mode are decoupled features for UE power saving, which means idle/inactive UE could use TRS/CSI-RS even it doesn’t support PEI, and vice versa. Thus, whether idle UE could use TRS/CSI-RS is not related to whether UE supporting PEI. The feasibility for availability indication through PEI could be further studied after the PEI signaling/channel design is settled.

Proposal 5: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH DCI.  

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: RAN2 confirm that TRS/CSI-RS for idle/inactive UEs can be configured by at least SI, and the availability on whether it could be used for idle/inactive UEs is indicated by additional signaling.

Observation 1: Using SIB1 to provide the TRS/CSI-RS configuration for idle/inactive UEs is a straightforward way.

Observation 2: Using SIB1 to provide the TRS/CSI-RS configuration for idle/inactive UEs is not suitable when the configuration has a large size.

Proposal 2: TRS/CSI-RS configuration for idle/inactive UEs should be included in a new SIB (e.g. SIBx), or SIB1 (if size allowed).

Proposal 3: 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 4: 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 5: Availability of TRS/CSI-RS in idle/inactive mode could be indicated in paging PDCCH DCI.  
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