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Introduction
In RAN1#105-e meeting [1], it was agreed to consider physical layer (P-PDCCH based and PEI based) availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs and further study SIB based signaling for availability information of TRS/CSI-RS occasions to the idle/inactive UEs as given below.
	Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources
 
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.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB

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




In this contribution, we will discuss our views on use cases scenarios, simultaneous configuration and enabling/disabling of L1 based signaling and SIB based signaling for availability indication of TRS/CSI-RS occasion to the idle/inactive UE. In addition, we will also discuss our views on application delay, and L1 signaling overhead reduction. 
Availability Indication Signaling of TRS/CSI-RS
L1 based Signaling for Availability Indication of TRS/CSI-RS
L1 based signaling such as PEI or paging PDCCH can be used to carry the availability information of TRS/CSI-RS occasions to the idle/inactive UEs in the form of bitmap or codepoints. A network may configure and a UE may assume L1 based signaling for availability indication of TRS/CSI-RS occasion in the following scenarios:
· Whenever a UE is camped on the same serving cell for at least two POs.  
· Upon receiving an indication that the system information has changed but the UE still remains camped on the same serving cell. 
· Upon the TRS/CSI-RS occasion availability indication per cell based
However, at a target PO either PEI or P-PDCCH based availability indication can be used. Whether to use PEI or P-PDCCH based availability indication depends on the UE paging and non-paging in successive POs. For instance, when an idle/inactive UE is paging in non-contiguous way in successive POs, PEI based availability indication can be used. An illustrative example of PEI based availability indication is shown in Figure 1, where a UE is not being paged in PO1 and paging in PO2, thus a gNB can use PEI to carry the availability indication of TRS/CSI-RS occasion to the idle/inactive UE. In this case, using P-DCI of the PO1 to inform the TRS/CSI-RS availability indication for PO2 will unnecessary wake up the UE in PO1 and waste its power. 
Similarly, P-PDCCH of a PO can be used to carry the availability indication of TRS/CSI-RS occasion for the next PO in a case when UE is paging in contiguous way in successive POs as shown in Figure 2. In other words, when a UE is paging in both PO1 and PO2 in contiguous way, a gNB can use P-DCI of PO1 to inform the availability of TRS/CSI-RS occasion for the next PO2. In this case, using P-PDCCH based availability indication of TRS/CSI-RS occasion is more beneficial in power saving perspective than PEI based indication.
[image: ]
Figure 1 PEI based availability indication of TRS
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Figure 2 P-DCI based availability indication of TRS
Observation 1: Using PEI based availability indication of TRS/CSI-RS occasion to the idle/inactive UE is more beneficial in power saving perspective when a UE or a group of UEs is paging in non- contiguous way in successive POs.
Observation 2: Using P-PDCCH based availability indication of TRS/CSI-RS occasion is more beneficial in power saving perspective when a UE or a group of UEs is paging in contiguous way in successive POs.
Proposal 1: Support L1 signaling (Paging PDCCH based and PEI based) for availability indication of TRS/CSI-RS occasions to the idle/inactive UEs. 
· P-PDCCH based Indication can be used when a UE is paging in contiguous way in successive POs
· PEI base Indication can be used when a UE is paging in non-contiguous way in successive POs
2.2 SIB based signaling for availability Indication of TRS/CSI-RS
SIB based signaling can be used for availability indication of TRS/CSI-RS occasions to the idle/inactive UE. The availability indication through SIB based signaling can be performed by the following two techniques. 
A) The availability indication of TRS/CSI-RS occasion to the idle/inactive UE is associated to the presence or absence of the same SIB_X which is used to configure the TRS/CSI-RS resource to the idle/inactive UE.
B) The SIB_X can carry a bit which can be used to inform the availability of TRS/CSI-RS occasion to the idle/inactive UE.
A network may configure and a UE may assume SIB based signaling for availability indication of TRS/CSI-RS occasion in the following scenarios: 
· whenever a UE does not have a valid version of a stored SIB-X which is used for TRS/CSI-RS configuration 
· Upon the UE cell selection (e.g. upon power on) or cell-reselection
· Upon the UE returning from out of coverage
· Upon the TRS/CSI-RS occasion availability indication per UE’s group based 
Proposal 2: Support SIB based signaling for availability indication of TRS/CSI-RS occasions to the idle/inactive UEs. 
0. Simultaneous Configuration of SIB and L1 based signaling
Simultaneous configuration of SIB based signaling and L1 based signaling for availability indication of TRS/CSI-RS occasion will allow network to flexibly select the best availability indication signaling according to the use cases scenarios as explained in section 2.1 and 2.2. For simultaneous configuration of SIB based signaling and L1 based signaling the following two options can be considered. 
a) Simultaneous Configuration through SIB_X: SIB based signaling and L1 based signaling can be configured simultaneously through the SIB_X which is used to configure TRS/CSI-RS occasion to the idle/inactive UE. The following IE for this simultaneous configuration can be included in the SIB-X IE. 
SIB_X information element
     ….
     SIB-Indication		   		 ENUMERATED {supported} 	OPTIONAL
     L1-Indication               		 ENUMERATED {supported} 	OPTIONAL
….
b) Simultaneous Configuration through pre-configuration: SIB based signaling and L1 based signaling for availability indication of TRS/CSI-RS occasion to the idle/inactive UE can be configured through pre-configuration in the design of UE. In this case, the network does not need to configure the availability indication signaling at each PO to the idle/inactive UE which leads the network to reduce its signaling overhead.

Proposal 3: SIB based singling and L1 based signaling can be configured simultaneously through SIB_X or Pre-Configuration. 
Enabling/Disabling of L1 based and SIB based Signaling
This section discusses three cases of how to enable/disable SIB based signaling and L1 based signaling of TRS/CSI-RS availability indication according to a use case scenario. It is a matter of common understanding that only one type of signaling can be used at a target PO according to a specific scenario. 
Case 1: SIB based signaling is considered as default Signaling and L1 based signaling can be enabled/disabled
In case 1, to enable L1 based signaling, gNB can use a trigger event, which is the time a UE is camped on the same serving cell for at least two POs. Furthermore, when the L1 based signaling is enabled, whether to use PEI based indication or P-DCI based indication depends on the contiguous and non-contiguous paging of a UE in successive POs. For instance, in case 1, when UE is paging in non-contiguous way in successive POs as shown in Figure 3, PEI based indication can be used. When UE is paging in contiguous way in successive POs as shown in Figure 4, then P-DCI based indication can be used. The validity of L1 based signaling in case 1 is the time duration until the UE is camped on the same serving cell. When UE moves to a new cell, the L1 signaling of TRS/CSI-RS availability indication received from the original cell becomes invalid. Thus the default signaling (SIB based signaling), turn into enable. 
[image: ]
Figure 3 Non-Consecutive Paging of a UE in successive POs
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Figure 4 Consecutive Paging of a UE in successive POs

Case 2: L1 based signaling is considered as default signaling and SIB based signaling can be enabled/disabled
In case 2, to enable SIB based signaling, gNB can use a trigger event, which is the moving of a UE to new cell and performing cell reselection or returning of a UE from out of coverage.  It is worthy to note that when one type of signaling is enabled the other type of signaling will be considered as disable. The validity of SIB based signaling in this case is until the next PO. After the next PO the SIB based signaling will be invalid and the default signaling (L1 based signaling), turn into enable.
Case 3: No Default availability indication signaling of TRS is defined 
In case 3, both SIB based signaling and L1 based signaling can be enabled/disabled according to the specific use case scenarios. The enabling and disabling of SIB based signaling or L1 based signaling in case 3 can be performed by a NewBitField configured in the same SIB_X which is used to configure the same TRS/CSI-RS resources. The example of including NewBitField in the SIB_X is shown in the following IE. 
     ….
     NewBitField    			 BIT STRING (SIZE (1))...		 OPTIONAL
     ….
The size of NewBitField is just one bit which can perform enabling and disabling of both SIB based and L1 based signaling. The presence of NewBitField can be considered as enabling of L1 based signaling, and the absence of NewBitField can be considered as the enabling of SIB based signaling as shown in table 1. Furthermore, the NewBitField value can further define, whether to use PEI based indication or P-DCI based indication. For instance, when the NewBitField value is “1” PEI based availability indication can be used and when the NewBitField value is “0” P-PDCCH based availability indication can be used as shown in table 1.
Table 1 Enabling/Disabling of SIB based and L1 based signaling for availability indication of TRS/CSI-RS
	SIB_X NewBitField
	UE Action

	NewBitField is present
	1
	L1 based signaling is Enabled
	PEI

	
	0
	
	P-PDCCH

	NewBitField is absent
	SIB based Indication is Enabled 



Proposal 4: For enabling/disabling of SIB based and L1 based signaling of TRS availability indication, the following procedure can be considered:
· Alt1: SIB based signaling can be considered as default signaling and L1 based signaling can be enabled/disabled.
· Alt2: L1 based signaling can be considered as default signaling and SIB based signaling can be enabled/disabled.
· Alt3: No default signaling is considered, and a NewBitField of size one bit in the SIB_X can be used to enable/disable both SIB based and L1 based signaling. 
Application Delay 
When network indicates the availability/unavailability to UE, an application delay is necessary in some cases to determine when the availability/unavailability indication can be effective. Here we discuss two cases and investigate the application delay in both cases. In both cases the network already knows the availability/unavailability status of TRS e.g. whether the TRS availability/unavailability status is changing with time or remains the same. 
Case1: In case 1, there is no change in the availability/unavailability status of TRS, e.g. when the availability/unavailability is indicated to the UE in a PO and the gNB experiences no TRS switching OFF or switching ON as shown in Figure 5a and Figure 5b. In Figure 5a, gNB transmits the availability indication in PO1 for the next PO2 and the status of TRS is available before and after the indication. Similarly, in Figure 5b, gNB transmits the unavailability indication in PO1 for the next PO2 and the status of TRS is unavailable before and after the indication transmission. In both conditions, the application delay is not necessary, and the availability/unavailability indication becomes effective once received by UE. 
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Figure 5a No change in TRS availability status			Figure 5b No change in TRS unavailability status
Observation 3: When there is no change in the availability/unavailability status of TRS, the availability indication becomes effective once received by UE. 
Case 2: In Case 2, there is a change occurs in the availability/unavailability status of TRS, e.g. when the availability/unavailability is indicated to the UE in a PO and the network experiences the switching ON or switching OFF of TRS. In Figure 6a, when gNB is transmitting the TRS availability indication during PO1, the TRS is actually not available at the period. After the indication is transmitted, TRS is available in the network which is already known to the gNB. Thus gNB will transmit the availability indication in PO1 for the next PO2 according to the availability status of TRS. In this condition, application delay is necessary, which is the duration starts from PO1 until the TRS status is OFF. When the unavailability status of TRS changes to the availability status e.g. TRS switches from OFF to ON, the availability indication becomes effective. 
In Figure 6b, TRS is available for certain period. Since the network cannot switch off the TRS immediately considering different UEs monitoring P-DCI/PEI in different occasions. Network can stop the TRS transmission after all UEs can receive the indication. Hence the TRS are still available in the network, but gNB already knows that the TRS will switch from ON to OFF and transmit the unavailability indication in PO1 for the next PO2 according to the unavailability status of TRS. In this condition, application delay is necessary, which is the duration starts from PO1 until the TRS status is ON. When the availability status of TRS changes to unavailability status e.g. TRS switches from ON to OFF the unavailability indication becomes effective. 
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Figure 6a TRS status change from OFF to ON 			Figure 6b TRS status change from ON to OFF
Observation 4: When there is changes in the availability/unavailability status of TRS, the availability indication becomes effective when the status of TRS switches from OFF to ON or ON to OFF. 
Observation 5: Application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE depends on the on/off status of TRS in the network. When the on/off status of TRS remains the same, application delay is not necessary. When the on/off status of TRS is changing the application delay is necessary. 
TRS Availability Indication overhead reduction of L1 signaling 
Indication cycle
In order to reduce the availability indication overhead of L1 signaling, an indication cycle of T = {1T, 2T, 4T} can be considered. Network can transmit a PEI/P-DCI in the form of bitmap or codepoints at the start of an indication cycle to indicate the TRS/CSI-RS availability for X paging occasions. The indication cycle is flexible and it depends on the availability duration of TRS/CSI-RS resources in the network. If the availability duration of TRS/CSI-RS resources in the network is for long time, longer indication cycle such as 4T can be configured. This can avoid the transmission of additional PEI/P-DCI based indication for TRS/CSI-RS availability indication. SIB signaling can be used to perform the configuration of availability indication cycle. Furthermore, gNB can flexibly choose the value of T e.g. {IT, 2T, 4T} indication cycle and system information updates is not necessary even when frequent changes occur in the TRS resources. The indication cycle configuration as given below, which is similar to the paging cycle configuration, can be included in the DownlinkConfigCommonSIB to the idle/inactive mode UE. 

	
IndicationCycle-Config ::=             SEQUENCE {
    defaultIndicationCycle                  IndicationCycle,
    nAndIndicationFrameOffset               CHOICE {
        oneT                                NULL,
        twoT                               INTEGER (0..1),
        fourT                              INTEGER (0..3),
    },
   ns                                  ENUMERATED {four, two, one},




Proposal 5: Include the configuration of IndicationCycle in the DownlinkConfigCommonSIB, similar to the paging cycle, to reduce the availability indication overhead of L1 signaling. 
Multiple RS Resources Indication
Since multiple TRS resources can be configured for TRS/CSI-RS occasions to the idle/inactive UE, which can also be indicated through PEI/P-DCI as a set/group of multiple TRS/CSI-RS resources to the UE or group of UEs for the next paging cycle. The UE or group of UEs in a next paging cycle situated in a specific PO will select the TRS resource for T/F tracking which is near to that specific PO. As shown in Figure 8, PEI/P-DCI based L1 signaling of N paging cycle can indicate a set/group of multiple TRS/CSI-RS resources to UE or group of UEs in the next N+1 paging cycle. In the same way, PEI/P-DCI based L1 of N+1 paging cycle can indicate a set/group of multiple TRS/CSI-RS resources to the UE or group of UEs in the N+2 paging cycle. PEI/P-DCI may use only 1 bit to indicate multiple TRS/CSI-RS resources and thus reduces the L1 signaling overhead significantly. 

[image: ]
Figure 8 Availability indication of Multiple RS resources
Proposal 6: Availability of a set/group of multiple TRS/CSI-RS can be indicated in a paging cycle to the UE or group of UE for the next paging cycle, which may reduce the availability indication overhead of L1 signaling. 
Conclusion
In this contribution, we discuss the assistance RS for idle/inactive mode UE power saving enhancements. Based on the analysis, we have the following observations and proposals:
Observation 1: Using PEI based availability indication of TRS/CSI-RS occasion to the idle/inactive UE is more beneficial in power saving perspective when a UE or a group of UEs is paging in non- contiguous way in successive POs.
Observation 2: Using P-PDCCH based availability indication of TRS/CSI-RS occasion is more beneficial in power saving perspective when a UE or a group of UEs is paging in contiguous way in successive POs.
Observation 3: When there is no change in the availability/unavailability status of TRS, the availability indication becomes effective once received by UE. 
Observation 4: When there is changes in the availability/unavailability status of TRS, the availability indication becomes effective when the status of TRS switches from OFF to ON or ON to OFF. 
Observation 5: Application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE depends on the on/off status of TRS in the network. When the on/off status of TRS remains the same, application delay is not necessary. When the on/off status of TRS is changing the application delay is necessary. 

Proposal 1: Support L1 signaling (Paging PDCCH based and PEI based) for availability indication of TRS/CSI-RS occasions to the idle/inactive UEs. 
· P-PDCCH based Indication can be used when a UE is paging in contiguous way in successive POs
· PEI base Indication can be used when a UE is paging in non- contiguous way in successive POs
Proposal 2: Support SIB based signaling for availability indication of TRS/CSI-RS occasions to the idle/inactive UEs. 
Proposal 3: SIB based singling and L1 based signaling can be configured simultaneously through SIB_X or Pre-Configuration. 
Proposal 4: For enabling/disabling of SIB based and L1 based signaling of TRS availability indication, the following procedure can be considered:
· Alt1: SIB based signaling can be considered as default signaling and L1 based signaling can be enabled/disabled.
· Alt2: L1 based signaling can be considered as default signaling and SIB based signaling can be enabled/disabled.
· Alt3: No default signaling is considered, and a NewBitField of size one bit in the SIB_X can be used to enable/disable both SIB based and L1 based signaling. 
Proposal 5: Include the configuration of IndicationCycle in the DownlinkConfigCommonSIB, similar to the paging cycle, to reduce the availability indication overhead of L1 signaling. 
[bookmark: _GoBack]Proposal 6: Availability of a set/group of multiple TRS/CSI-RS can be indicated in a paging cycle to the UE or group of UEs for the next paging cycle, which may reduce the availability indication overhead of L1 signaling. 
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