3GPP TSG RAN WG1 #105-e                                                      R1-2104433
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]e-Meeting,  May 10th – May 27th, 2021

Agenda Item:	8.7.1.2
Source:	Spreadtrum Communications
Title:	Consideration on TRS/CSI-RS occasion(s) for idle/inactive UEs 
Document for:	Discussion and decision

Introduction
In RAN 86 meeting, it was agreed to specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, and minimize system overhead impact [1].
	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 #100 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 the past RAN1#102e ~ RAN1#104b_e meetings, this issue had been widely discussed with a lot of agreements. In this contribution, we will continue discussing this topic focused on the remaining issues.

Signalling method of availability indication of TRS/CSI-RS
In RAN1#104b_e, the following working assumption on the availability indication of TRS/CSI-RS has been achieved [2].
	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]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 signaling


[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 1: Confirm the working assumption on signalling method of availability indication of TRS/CSI-RS.

Regarding L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the following two options can be considered.
· Option1: The availability indication of TRS/CSI-RS is delivered in paging DCI
· Option2: The availability indication of TRS/CSI-RS is delivered in PEI
The purpose of introducing TRS/CSI-RS is to prevent UE from waking up too early to get the finer frequency and time synchronization for paging reception. UE should know whether the TRS/CSI-RS is available in advance, otherwise, the benefits of introducing TRS/CSI-RS occasion(s) for idle/inactive UEs cannot be obtained. Therefore, for Option1, the paging DCI in the previous paging cycle can indicate the availability of TRS/CSI-RS for the PO in the next cycle, as show below. There are 6 reserved bits not used in paging DCI. Furthermore, when the paging DCI is used for scheduling paging message, there are several reserved states of the short message field in paging DCI. The reserved bits or states in the paging DCI can be used for availability indication of TRS/CSI-RS.
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Figure 1: The availability indication of TRS/CSI-RS is delivered in paging DCI
For Option2, the PEI can indicate the availability of TRS/CSI-RS for the PO associated with PEI or the PO in the next cycle when PEI is configured, as show below. 
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Figure 2: The availability indication of TRS/CSI-RS is delivered in PEI
It is possible that PEI is not configured while the TRS/CSI-RS occasions are configured for idle/inactive mode UE. In this case, Option1 is a straight forward way to carry the availability indication of the TRS/CSI-RS for the PO in the next cycle.
However, when PEI is configured, in most cases, the paging DCI may not be transmitted in the previous paging cycle and the availability of TRS/CSI-RS for the PO in the next cycle cannot be indicated. In this case, Option2 may be a straight forward way to carry the availability indication of the TRS/CSI-RS for the PO associated with PEI or the PO in the next cycle. Furthermore, there is no additional power consumption and only marginal resource overhead.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Therefore, both Option1 and Option2 should be supported for the availability indication of TRS/CSI-RS.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 2: The availability indication of TRS/CSI-RS in paging DCI or PEI DCI shall be supported.

Indication content of availability indication of TRS/CSI-RS
In RAN1#104b_e, the following agreement on indication content of availability indication of TRS/CSI-RS had been achieved.
	Agreement:
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, one or more alternatives from the following can be supported:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint 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  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded


[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In Alt 1, availability/unavailability information for each resource (set) in all or some of configured RS resources is indicated though a bitmap or codepoint. For the way of bitmap, each bit from the bitmap is associated with one resource/configuration or a set/group of resources. It is a simple and flexible way to indicate the availability/unavailability information of one resource/configuration or a set/group of resources. For the way of codepoint, a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources. When the number of resources is relatively large, this method needs to define a lot of states, and it will bring serious signaling overhead to configure these states. In our view, availability/unavailability information for all or some of configured RS resources using a bitmap should be supported.
For Alt 2, one or more resource/configuration indices that correspond to the available RS resources is indicated though a codepoint. If one codepoint corresponds to one resource/configuration indice, availability indication can only indicate that one resource/configuration is available, which would limited the number of active resources for T/F tracking. If one codepoint corresponds to multiple resource/configuration indices, availability indication can indicate that multiple resources/configurations are available. However, in this case, a lot of states need to de defined, and it will bring serious signaling overhead to configure these states.
Proposal 3: Availability/unavailability information for all or some of configured RS resources using a bitmap shall be supported.

Validity time of availability indication of TRS/CSI-RS
[bookmark: OLE_LINK7]When the availability indication of TRS/CSI-RS is delivered in paging DCI, the paging DCI in the previous paging cycle can indicate the availability of TRS/CSI-RS for the PO in the next cycle. In most cases, the network will not send paging DCI on a certain PO. If for availability indication, the network sends Paging DCI at each PO will cause serious signaling overhead. A compromise is to support validity time for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE. The validity time for the availability indication can be multiple paging cycles, as shown in Figure 3 (The validity time is 3 paging cycles). In this case, the network only needs to send availability indication every 3 paging cycles.
[image: ]
Figure 3: Availability indication of TRS/CSI-RS is delivered in paging DCI when PEI is not configured
In addition, if PEI is configured, the UE will most likely not monitor PO. In this case, if the availability indication of TRS/CSI-RS is delivered in paging DCI, it will go against the original intention of introducing PEI. A compromise method is that the UE determines the PO for sending the availability indication based on the validity time, as shown in Figure 4 (the validity time is 3 paging cycles). For the PO for sending the availability indication, UE needs to monitor it by default. Whether POs other than the PO for sending the availability indication need to be monitored depends on the indication of the associated PEI.
[image: ]
Figure 4: Availability indication of TRS/CSI-RS is delivered in paging DCI when PEI is configured

Proposal 4: Validity time for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE shall be supported.

Application delay of availability indication of TRS/CSI-RS
In RAN1#104b_e, the following proposal on application delay of availability indication of TRS/CSI-RS had been made.
	Moderator proposal #4
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discuss whether and how to support application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE, considering the following alternatives
· Alt 1: no need, the availability indication becomes effective once received
· Alt 2: explicit indicated, e.g. configured by SIB
· Alt 3: implicit indicated, e.g. next DRX cycle


For the availability indication of TRS/CSI-RS, there are two cases:
· Case 1: all or some of configured RS resources switch from unavailable to available.
· [bookmark: _GoBack]Case 2: all or some of configured RS resources switch from available to unavailable.
For Case 1, UE can assume the TRS is present immediately after the “switching on” indication is received. Application delay for the availability indication of TRS is not needed for this case.
For Case 2, since different UEs monitor paging DCI and PEI in different occasions, the network cannot indicate the unavailability of all or some of configured RS resources to all UEs in a cell at the same time through paging DCI and/or PEI. In this case, NW only can stop all or some of configured RS resources transmission after all UEs can receive the indication. In our view, the power-saving gain brought by the introduction of application delay for this case can be ignored. In addition, the introduction of application delay will increase standardization work and there is no issue for UE to assume the TRS is no longer available once the unavailable indication is received. 
Therefore, application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE is not needed, the availability indication becomes effective once received.
Proposal 5: Application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE is not needed, the availability indication becomes effective once received.

Conclusion
In this contribution, we discuss TRS/CSI-RS occasion(s) for idle/inactive UEs with the following observation and proposals.
Proposal 1: Confirm the working assumption on signalling method of availability indication of TRS/CSI-RS.
Proposal 2: The availability indication of TRS/CSI-RS in paging DCI or PEI DCI shall be supported.
Proposal 3: Availability/unavailability information for all or some of configured RS resources using a bitmap shall be supported.
Proposal 4: Validity time for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE shall be supported.
Proposal 5: Application delay for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UE is not need, the availability indication becomes effective once received.
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