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1. Introduction
In previous meetings, some agreements are made on TRS/CSI-RS for IDLE/inactive UEs[1]. In this contribution, we will discuss remaining issues on TRS/CSI-RS for idle and inactive UEs power saving.  
2. [bookmark: _Ref498564494]Availability of TRS for idle/inactive UEs
1. [bookmark: _Hlk521582650]
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2.1. Indication Content for L1 availability
For availability indication design, following agreements have been made in previous RAN1 meetings[1] and RAN plenary.
	Agreement: (RAN1#105e)
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
Agreement (RAN1#106e)
Support at least one of the following alternatives
· Alt1: L1 availability indication at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note:  The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 
Note: a RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs., where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.
Conclusion: (RAN#93)
Issue 1 (How to proceed PEI in Rel-17):
Support PDCCH-based PEI as the only option
- Only essential function for PEI is support
• New DCI format
• Higher layer configuration, including SS
• Details of the procedures of PEI monitoring, and identification of MOs before PO
• Only Behv-A (per RAN1#104e agreement) is supported 
• If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
• Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI.


In last meeting, it was discussed whether the L1 indication at an occasion provides availability information only for TRS resource with same QCL reference as the channel for L1 indication [2]. The main motivation for such limitation is to limit the overhead for L1 indication. However, it may limit from UE taking full use of TRS actually transmitted by NW. 
One of the motivations of providing TRS resource to idle/connected UE is for UE AGC adjustment before paging PDCCH monitoring. As specified in TS 38.321, whether UE would monitor paging PDCCH on MOs associated with all SSBs or subset of the SSBs is up to UE implementation, and UE can determine the MO for paging PDCCH monitoring per paging cycle based on measurement. If L1 indication only indicates availability for TRS resources with only one QCL property, UE may need to fallback to SSB for measurement and AGC adjustment in the next cycle, due to not aware of availability for TRS resources with different QCL properties. In this case, the benefit of TRS for idle UEs can not be obtained. 
To ensure power saving benefits can be obtained, each L1 indication should contain availability/unavailability of all TRS resources configured with L1 availability indication, and UE can obtain full availability information from any detected L1 indication channel.
[bookmark: PP1]Proposal 1: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with different QCL properties.
· Each L1 indication should provide availability/unavailability of all TRS resources configured with L1 availability indication.
For the availability indication content, bitmap and codepoint based bitfield has been proposed. For bitmap-based indication, multiple TRS resource can be grouped to associated with one of the bits in the bitmap, and NW can limit the size of bitmap by properly grouping of the TRS resources based on SIB configuration. And it also provides the flexibility for NW to change the state of resource with finer granularity. While for codepoint based design, resource indices are indicated, it is not so flexible for NW to change the state of TRS resources with different combinations. Hence, bitmap based L1 indication in DCI is preferred.
[bookmark: PP2]Proposal 2: Availability/unavailability information is indicated using a bitmap, where each bit is associated with at least one TRS resource set based on SIB configuration.
For L1 indication in paging PDCCH, 6 bits are reserved in DCI format 1-0 with P-RNTI. Hence, the availability provided by paging PDCCH should be limited within 6 bits. NW should properly group the TRS resources to ensure availability of all TRS can be provided in this bitmap. A group index can be provided along with the TRS resource configuration, and up to 6 groups can be supported. Each TRS resource can be configured with a group index, which is associated with one bit in the bitmap, and the availability/unavailability of the TRS can be derived from the associated bit in the DCI. If group index for TRS is not provided, UE can assume the TRS available once configured.
[bookmark: PP3]Proposal 3: The availability/unavailability information can be indicated in the 6 reserved bits in paging DCI.
For PEI based indication, although it is not clear how many bits can be used for TRS availability indication, the same design logic, for aspects like bitfield design and validity time, should be pursued to avoid duplicated design in addition to that for paging PDCCH.
[bookmark: PP4]Proposal 4: Mechanisms for L1 indication in PEI PDCCH should reuse the same logic as that for paging PDCCH to avoid duplicated work.

2.2. Validity time for L1 based TRS availability indication
In previous meetings, some proposals for validity time for availability have been agreed, summarized as follows
	Agreement
L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where
· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.


· Validity time length
To exploit more benefits from the actual transmitted TRS, TRS without validity time limitation should be supported, i.e., Alt-4, and the TRS resources are considered as available after receiving L1 indication, the TRS are considered as not available only after receiving new paging PDCCH/PEI indicating the TRS unavailable. Although NW need to transmit signaling to switch off the TRS resource, the additional overhead is limited due to the availability does not change frequently for the relatively stable TRS resources.
[bookmark: OB1]Observation 1: UE can take more advantage of transmitted TRS, if TRS availability is provided without limited by validity time.
In Alt-1, UE cannot assume the TRS resources available after the time expired. The advantages of Alt-1 is NW transmission of L1 indication to switch off the TRS transmission can be avoided, and additional NW overhead can be saved. However, NW is less likely to switch off the TRS immediately after the timer expired due to UE may detects the availability indication in different occasions, which means it also prevents UE from take full advantage from TRS resource, especially when the TRS is relatively stable. For idle/inactive UEs, a stable TRS resource can be used for AGC, T/F tracking for different purposes, such as DL reception for MBS and UL transmission for SDT. TRS availability with and without constraints by validity time are shown in Figure 1.


Figure 1: L1 TRS availability indication with and without validity time constraints
For Alt-2, the availability of the TRS resource is only constrained to a window before PO. The rationale for this alternative is that the TRS within a window right before the PO would facilitate UE monitoring paging with low power consumption. However, the TRS resources are configured for connected UEs at the first place, it is difficult for NW to align the TRS resources with POs for UEs with different UE-IDs. Furthermore, if the TRS is only available within the duration before PO, the TRS is limited for paging monitoring purpose only, and benefits from TRS cannot be obtained for other transmissions for idle/inactive UEs.
For Alt-3, multiple validity time values can be configured, and one of the multiple validity time values can be indicated together with the availability indication. More payloads/states are needed in paging DCI or PEI for validity time indication in addition to the availability indication, which will reduce the flexibility for finer TRS resource availability indication.
In the above alternatives, highest power saving benefit can be obtained if Alt-4 is adopted. Hence, Alt-4 should be supported. Alt-1 may have advantages on indication overhead if the TRS availability is not so stable. While NW can avoid configuring the non-stable TRS resources for idle/inactive UEs, the overhead for switching off TRS can be limited. To strive for a balance between UE power saving and indication overhead. Both of Alt-1 and Alt-4 can be supported in a merged solution. An example of candidate validity time values can be {N1, N2, … Nx, Null}, where Nx means number of paging cycles, and ‘Null’ means TRS availability is not restricted by validity time. It is up to NW which validity time length is provided. Note that, different UEs may have different paging cycle periodicities. To align the validity time length for different UEs, the paging cycle should be the SIB indicated paging periodicity.
[bookmark: PP5]Proposal 5: TRS without validity time limitation, i.e., Alt-4, should be supported.
[bookmark: PP6]Proposal 6: To strive for a balance between UE power saving and indication overhead, a merged solution with and without validity time limitation can be considered.
· NW configured validity time durations can be selected in {N1, N2, … Nx, Null}; where Nx means number of paging cycles.
· For validity time length configured as ‘NULL’, if UE detects L1 signaling indicate TRS available, UE does not change the assumption of TRS availability unless receiving new L1 signaling indicate TRS unavailable.
· Reference point for availability information
Since the TRS configured for idle/inactive UEs are intended for connected UEs at the first place, it is nature to assume that NW has already started the transmission of TRS when providing the availability indication to idle/inactive UEs. For off-to-on switching, the timeline of TRS transmission and indication availability of TRS is shown in Figure 2. Therefore, it is nature that UE can immediately assume the TRS resources are available if the availability information is provided.
For on-to-off switching, although TRS transmission may not be terminated when the switching off indication is provided, the additional benifit of receiving TRS, in the remaining duration before the transmission is actually terminated, is marginal. Hence, UE can also assume the TRS resources are not available if the unavailability information is detected.
[image: ]
[bookmark: _Ref67590796]Figure 2. Timeline for TRS off-to-on switching indication to take effect
[bookmark: PP7]Proposal 7: The L1 availability indication takes effect once it is received.

2.3. SIB based TRS availability indication
	Working assumption: (RAN1#105e)
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 (RAN1#105e)
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



For SIB-based TRS availability update can be considered for some scenarios NW may take quite a long time to switch on/off the TRS for idle/inactive UEs.  For example, NW switch on TRS transmission during day time, and during which NW need to serve a large number of UEs, and the TRS transmission consistency can be expected. In the evening, number of connected UEs is greatly decreased, and NW can switch off the TRS transmission for power saving. In this case, at least current SI update mechanism can be reused, and additional overhead is limited, almost none, due to the state of TRS transmission rarely changes. 
[bookmark: PP8]Proposal 8: SIB based TRS avsilsbility update can be supported by reusing existing SI update mechanism.
On the other hand, SIB based availability indication and L1 based indication can be coexisted for a serving cell. NW can configure a subset of TRS resource with SIB based availability, and these resources are considered as available unless SIB is updated. While for the remaining TRS resource, L1 availability indication is configured, and UE determines the availability based on the L1 indication. 
As discussed in section 2.1, a group index can be configured to TRS resource to indicate the associated bit in the bit map in paging DCI/PEI. If the resource is not configured with the group index, UE can assume the TRS resource available once configured by SIB.
[bookmark: PP9]Proposal 9: NW can configure a subset of TRS with SIB based availability indication, and the remaining TRS resource with L1 based availability indication in the TRS resource allocation.
· For TRS resource configured with L1 availability signalling, UE follows the indication provided in the paging/PEI PDCCH.

3. Handling of TRS availability indication for RRC connected UEs
[bookmark: OB5][bookmark: OB3]Paging PDCCH is supported to indicate TRS availability. For RRC connected UEs, UE also need to monitor paging PDCCH if configured. Hence, Rel-17 RRC connected UEs can also be aware of the availability of TRS resources configured for idle/inactive UEs, although the TRS resource for idle/inactive UEs may not be configured to RRC connected UE through dedicated signaling. 
For the TRS resources configured by dedicated signaling, some UE behaviors are defined for coexistence between TRS and other physical channels in Rel-16, including at least the following.
· UE would rate matching PDSCH around the CSI-RS resources.
· If the dynamic indicated UL transmission on semi-static flexible symbols overlapping with CSI-RS resources, UE transmit the UL signals and does not receive CSI-RS.
Whether UE should handle the TRS resource configured for idle/inactive UEs the same way as that for RRC connected UEs should be clarified. For PDSCH overlapping with these TRS, if the TRS is actually transmitted and UE ignores the availability obtained from paging PDCCH, it will lead to degraded PDSCH performance. For PUSCH colliding with TRS on flexible symbols, it seems not appropriate to cancel the TRS transmission due to the availability have already broadcast to the camped UEs. To certain extent, the TRS configured for idle/inactive UEs can be regarded as cell specific transmission rather than UE specific transmission. 
To address the above issue, the following options can be considered for RRC connected UEs
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores TRS configuration provided by SIB and the availability indication in paging PDCCH.
In Opt-1, Rel-17 UEs capable of receiving TRS in idle and inactive state, will assume the TRS availability the same way as that in idle/inactive state, if UE is configured with CSS for paging PDCCH.
While for Opt-2, UE ignores these TRS resources and the bitfields in paging DCI for TRS availability, it is up to NW to avoid TRS resource on flexible symbols overlapping with other signals and channels. However, it will also lead to scheduling restriction at NW.
[bookmark: PP10]Proposal 10: Further clarification is needed on whether and how RRC connected UE would handle the TRS configured for idle/inactive UEs, and following options can be considered.
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores configuration by provided SIB and the availability indication in paging PDCCH.
Note that, even if RAN1 have consensus that Opt-2, i.e., the TRS availability in paging DCI is only applicable for idle and inactive UEs, and connected UE should be ignore the indication, it should be explicitly captured by spec due to different behavior for idle/inactive UEs and connected UEs. Hence, a new agreement is needed for this issue.

4. Related RRC parameters
Based on the discussion in previous sections following RRC parameter should be introduced.
	Parameter Name
	RAN1 spec/ section
	Values range
	New R17 vs extension of R15/16
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec

	TrsAvailabilityIndication
	38.214
	Enumerate (PEI, pagingDCI)

	New
	Per cell
	Broadcast
	UE monitors PEI or paging DCI to determine the availability from paging/PEI PDCCH according to this paramater. 
	38.331

	TrsValidityTime
	38.214
	SEQUENCE (2,4,8, Null) 
	New
	Per cell
	Broadcast
	The validity time for TRS resources configured for idle/inactive UEs, and configured with L1 availability.
	38.331

	TrsGroupIndex
	38.212
	SEQUENCE (0,1,2,3,4,5)
	New
	Per cell
	Broadcast
	Indicating which bit in the bitmap is used to indicate the availability of the TRS resource. If this parameter is absent for the TRS resource configured in SIB, UE assumes TRS available once configured by SIB.
	38.331


Conclusions
In this contribution, we discuss the CSI-RS/TRS for idle and inactive UEs, and we have the following observations and proposals:
Proposal 1: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with different QCL properties.
· Each L1 indication should provide availability/unavailability of all TRS resources configured with L1 availability indication.
Proposal 2: Availability/unavailability information is indicated using a bitmap, where each bit is associated with at least one TRS resource set based on SIB configuration.
Proposal 3: The availability/unavailability information can be indicated in the 6 reserved bits in paging DCI.
Proposal 4: Mechanisms for L1 indication in PEI PDCCH should reuse the same logic as that for paging PDCCH to avoid duplicated work.
Observation 1: UE can take more advantage of transmitted TRS, if TRS availability is provided without limited by validity time.
Proposal 5: TRS without validity time limitation, i.e., Alt-4, should be supported.
Proposal 6: To strive for a balance between UE power saving and indication overhead, a merged solution with and without validity time limitation can be considered.
· NW configured validity time durations can be selected in {N1, N2, … Nx, Null}; where Nx means number of paging cycles.
· For validity time length configured as ‘NULL’, if UE detects L1 signaling indicate TRS available, UE does not change the assumption of TRS availability unless receiving new L1 signaling indicate TRS unavailable.
Proposal 7: The L1 availability indication takes effect once it is received.
Proposal 8: SIB based TRS avsilsbility update can be supported by reusing existing SI update mechanism.
Proposal 9: NW can configure a subset of TRS with SIB based availability indication, and the remaining TRS resource with L1 based availability indication in the TRS resource allocation.
· For TRS resource configured with L1 availability signalling, UE follows the indication provided in the paging/PEI PDCCH.
Proposal 10: Further clarification is needed on whether and how RRC connected UE would handle the TRS configured for idle/inactive UEs, and following options can be considered.
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores configuration by provided SIB and the availability indication in paging PDCCH.
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