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Introduction
In the RAN #88e meeting, Rel-17 power saving enhancements WID has identified potential TRS/CSI-RS occasions as one of the major areas for RAN1 work [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
…
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 this contribution, we will discuss remaining issues for TRS/CSI-RS for idle/inactive UE power saving enhancements.
Idle/Inactive TRS Design
It has been agreed that Rel-17 adopts periodic TRS to facilitate UE idle/inactive mode power saving. The remaining issues are captured in [2] and [3]. In this paper, we will continue analyzing these issues and provide our solutions
L1 TRS Availability Indication
In the RAN1 #105-e meeting, the following working assumption was made for L1 TRS availability indication signaling [4]. During RAN1 #106-e discussions, companies reached consensus on the support of paging PDCCH based solution. However, due to the dependency on PEI design, final decision was not made for the second part of the working assumption for PEI based availability indication. 
	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.
· FFS whether and how to enable/disable L1 based availability indication configurable by SIB



During the RAN# 93-e meeting, PDCCH-base PEI was selected for continuous discussion in RAN1 [5]. Based on this conclusion, RAN1 discussion can resume in RAN1 #106-bis-e for PEI based TRS availability indication.
	Conclusion for Issue 1.
· 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 



Given no company objected paging PDCCH based TRS availability indication, the working assumption on paging PDCCH based indication can be agreed. It should be noted that the design of PEI based TRS availability indication should assume that some UEs in the network do not support the PEI feature. This is important for the decoupling of the two independent features (i.e., TRS and PEI) of Rel-17 idle/inactive mode power saving enhancements. 
[bookmark: p1]Proposal 1: For Rel-17 L1 TRS availability indication signaling design
· Support paging PDCCH based TRS availability indication
· If PEI based TRS availability indication is agreed, it should assume there are UEs not supporting PEI
· Note: The design that only uses paging PDCCH based TRS availability indication when PEI is not configured does not work for UEs that do not support PEI

The RAN #93 conclusion requires same mechanism/principle for TRS availability indication is adopted for both paging DCI and the DCI format for PEI. This helps restrict the discussion on TRS availability within a controllable range. The conclusion implies that TRS resource granularity and number of information bits used for TRS availability indication should be the same for the two DCI formats. Besides, joint TRS availability indication based on the two DCI formats should be not supported. 
[bookmark: o1]Observation 1: Based on the RAN #93 conclusion on Rel-17 power saving enhancements, if TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI
· No joint indication based on the two DCI formats is supported
· TRS resource granularity (i.e., one bit per resource, per set of resources, per group of resource sets etc.) should be the same for the two DCI formats
· Number of information bits used for TRS availability indication should be the same for the two DCI formats.

Furthermore, the indication information should be the same for the paging DCI and the PEI DCI. In the following figure (a blue box represents a transmitted TRS, a grey box represents a configured TRS that is not transmitted), we assume that the availability information of the configured TRS changes at most once around the PEI and PO. This is a valid assumption because the TRS is configured to connected mode UE(s) and whether the connected mode UE needs TRS should not change very rapidly. 
If the PEI and paging PDCCH can provide different availability information of the configured TRS (i.e., case 2 and 4 in the figure), a UE that supports PEI has to always decode both the PEI and the paging PDCCH. This diminishes the power saving achieved by PEI.
[bookmark: o2]Observation 2: Allowing PEI and paging PDCCH to carry different availability information (i.e., bitmap values) forces the UE that supports PEI to also decode the paging PDCCH.

Even if the two DCI formats carry the same TRS availability indication, there can be issues if the two indications do not take effect at the same time. For the case 1 in the figure, when the available TRS is indicated to become unavailable, a UE that does not support PEI based TRS availability indication will use noise samples to update its tracking loops before the TRS availability in paging PDCCH is received. To avoid this issue, both PEI based availability indication and paging PDCCH based availability indication should become effective at the same time. Based on the discussions above, we have the following proposal.
[bookmark: p2]Proposal 2: PEI and paging PDCCH carry the same availability information (i.e., bitmap values) before the TRS availability indication in both signaling take effect. The two DCI formats should take effect at the same time.



Figure 1: TRS availability indication

Enabling/Disabling of L1 TRS Availability Indication
There were two types of proposals for the enabling and disabling of L1 TRS availability indication. The first one is based on explicit configuration in SIB and the second one is based on whether TRS configuration is present in SIB. For the explicit enabling/disabling mechanism, there are some options which can be based on one bit flag in SIB, whether L1 indication is configured or whether L1 availability indication field is configured to be present in the L1 indication DCI format. They are equivalent. It should be noted that only the explicit configuration proposal is a real enabling/disabling mechanism for L1 TRS availability indication. While the implicit configuration implies that the L1 indication is effectively always enabled, i.e., as long as TRS occasions are configured the L1 availability indication is also enabled.
[bookmark: o3]Observation 3: The method that L1 based availability indication of TRS/CSI-RS occasions for idle/inactive UEs can be enable/disabled based on presence/absence of the configuration of TRS/CSI-RS occasions implies that L1 based availability indication is always enabled for configured TRS occasions.

If RAN1 wants to discuss whether and how the enabling/disabling of L1 TRS availability mechanism is supported, it is meaningful to discuss the design when some TRS occasions have been configured by SIB. When no TRS occasion is configured by SIB, the L1 availability indication is dummy and the UE can ignore it anyways. Besides, how to interpret the presence/absence of TRS at configured occasions when L1 availability indication is disabled depends on whether SIB based availability indication is supported. In particular, if SIB based availability indication is not supported, the UE should assume all configured TRSs are transmitted. Otherwise, the TRS configuration in SIB is useless and network should better just not provide the configuration to reduce SIB overhead.
[bookmark: p3]Proposal 3: If RAN1 discusses whether and how the enabling/disabling of L1 TRS availability mechanism is supported, it should be discussed under the condition that some TRS occasions are configured by SIB. When L1 availability indication is disabled
· If SIB based availability indication is supported, whether TRS is present at the configured occasions is indicated by SIB
· If SIB based availability indication is not supported, UE assumes a configured TRS is present.

L1 TRS Availability Indication Content 
The following agreement was made in RAN1 #105-e for the L1 TRS availability indication content. Two options were captured including the bitmap and codepoint based indication. With the bitmap, each bit can provide indication for one resource or a set or group of resources. This option is better for reducing the overhead for transmitting the indication signaling. The codepoint can support more configured TRS resources or in better resource granularity, but it requires multiple transmissions to indicate the availability of all configured TRS. This causes more signaling overhead than the bitmap-based solution. 
[bookmark: p4]Proposal 4: Use bitmap to indicate the availability of configured TRS resources in the DCI format for L1 TRS availability indication. 

Another question is what if the L1 TRS availability indication does not have enough bits to indicate all configured TRS. Then network should configure which resources can be indicated by the L1 signaling. For the remaining configured TRS, the design would be similar to the case that L1 TRS availability indication is disabled. For that, please refer to our discussion in the last subsection.
[bookmark: p5]Proposal 5: If not all configured TRS resources can be indicated by the L1 availability indication signaling, network configures which resources are indicated by the L1 signaling. For the remaining TRS resources 
· If SIB based availability indication is supported, whether TRS is present at the configured occasions is indicated by SIB
· If SIB based availability indication is not supported, UE assumes the TRS is always present at the configured occasions

	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



QCL Association between L1 Indication and TRS 
During RAN1 #106-e, there was a debate on whether a L1 availability indication at an occasion provides availability and unavailability information only for RS resources with the same QCL reference at the L1 availability indication occasion or it can provide availability and unavailability information for RS resources with QCL references not confined to be same as for the L1 availability indication occasion. Benefit of the first option is the L1 availability indication can indicate more TRS resources and in a better resource granularity. However, the downside is that the UE cannot use TRS resources on beams other than the actively tracked beam for idle and inactive mode beam management and tracking loop warmup anymore. The UE has to first separately receive the TRS availability for beams not being actively tracked. This diminishes the benefit of idle/inactive mode TRS design.
[bookmark: o4]Observation 4: If a L1 availability indication at an occasion provides availability and unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion, the UE needs to first receive the TRS availability for beams not currently tracked before it can receive TRS resources on these beams for beam management and tracking loop update.
[bookmark: p6]Proposal 6: Do not restrict L1 availability indication at an occasion to provide availability and unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.

	Agreement
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.



Validity Time
Validity time of the L1 availability indication of TRS is the time duration when the signaling is effective for the UE. Outside this time duration, the L1 indication is considered invalid which is equivalent to the L1 indication is not transmitted yet. Rel-17 idle/inactive TRS is assumed to be a reused resource that has been first configured to some connected mode UEs. Whether the TRS is transmitted or not is determined by the needs for the TRS by the connected mode UEs. Because of this, availability of the TRS is not fully predicable although it is not very dynamic either. Then, Alt-1, Alt-2 and Alt-3 for the time duration are not really feasible. Besides, Alt-3 uses additional bits of the DCI information bits which are already limited.
[bookmark: p7]Proposal 7: The L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid until when the UE receives another availability indication.
Similarly, reference point for the start of the validity time is not predictable either and is not tied to the idle/inactive mode UE’s paging occasion patterns. The time offset to the reference point only needs to accommodate the UE’s application time for receiving the L1 indication signaling. Then, Alt-1, Alt-2 and Alt-4 are not feasible in practice. Besides, as we analyzed early, if both paging PDCCH and PEI base L1 indication are adopted, the two DCI formats should take effect at the same time.
[bookmark: p8]Proposal 8: Reference point of the L1 based availability indication of TRS/CSI-RS is determined by the monitoring occasion of the paging PDCCH that carries the indication. This applies to the PEI based L1 based availability indication received before the paging PDCCH too.

	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.



SIB based Availability Indication
The feature lead proposal in RAN1 #106-e for SIB based availability indication is shown as follows [2]. It should be noted that when SIB based signaling for availability information is designed, the impact to both network and UE SIB tx/rx efforts should be minimized. For this, we think the SIB based availability should be designed as simple as possible. In particular, if a TRS resource is configured and L1 availability indication is not configured, the TRS resource should be available to the idle/inactive mode UE. I.e., there is no need to explicitly indicate whether any configured TRS is available or not in SIB. If some TRS resource is not available, network should not configure it. Besides, it should be clarified that it is not a valid case if L1 based availability indication is configured but not enabled.
[bookmark: p9]Proposal 9: Support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs when L1 based availability indication is not configured 
· All configured TRS resources are available 
· Note: If L1 based availability indication is configured, it should be transmitted. I.e., there is no additional configuration to indicate that the configured L1 based availability indication is not enabled.

	Proposal 3-1 (v5)
Support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs when L1 based availability indication is not configured 
· FFS details of the availability information
· e.g. how to inform the availability of the configured RS resources



TRS Configurations
The feature lead proposal in RAN1 #106-e for TRS configuration is as follows [2]. The goal of this discussion was to minimize TRS configuration signaling overhead by combining common configuration parameters on top of the baseline Rel-16 TRS configuration. 
It should be noted that not all the configuration parameters can be combined to common configuration within the same resource set. For example, the set of TRS resources QCL’ed with same SSB index is not necessarily the same set of TRS resources that are simultaneously available or unavailable. In this case, it is possible that network only transmits a subset of TRS resources configured on each beam, e.g., for network power saving purposes. For example, network configures two TRS resources for each beam, one with denser occasions, wider bandwidth for better channel tracking and the other one with sparser occasions and narrower bandwidth for less power and resource overhead. Hence, it may not be typical to configure common parameter value for TRS resources configured on the same beam. Consider that the number of bits for L1 availability indication is quite limited, it is better to group TRS resources based on their availability which may not give the same grouping as that based on beam. This implies that QCL reference should not be considered as a common parameter for the configuration of a set of TRS resources.  
[bookmark: o5]Observation 5: The number of DCI information bits for L1 TRS availability indication should be also considered as network signaling overhead when common TRS configuration parameters are identified for network signaling overhead reduction.
[bookmark: p10]Proposal 10: For TRS resources at the configured TRS/CSI-RS occasion(s) for idle/inactive UEs, a TRS resource set can be configured to include a set of TRS resources with one or more common configuration parameters
· Common parameters can include RB allocation, periodicity, power offset and number of consecutive slots per TRS occasion 
· QCL reference is not a common parameter
· L1 based availability indication can be based on the same resource set configuration
· Maximum number of TRS resources per TRS resource set is equal to the number of transmitted SSBs in the cell
· Maximum number of TRS resource set can be 2 or 3, including at least one for low density TRS transmission and one for high density TRS transmission
· Configuration of a TRS resource in a TRS set can override the common parameter based on optional configuration parameter IE up to network implementation

	Proposal 4.1-1 (v4)
For RS resources from configured TRS/CSI-RS occasion(s) for idle/inactive UEs, a RS resource set can be configured to include a set of RS resources with one or more common configuration parameters. 
· FFS the common configuration parameters per RS resource set, e.g. resource set ID (if support), QCL reference, startingRB, nrofRBs, powerControlOffsetSS, number of slots (if support).
· FFS whether allow the possibility for a RS resource in a set to override the common parameter if needed.
· FFS how to indicate availability/unavailability information for RS resources from the configured RS resource set(s) in L1 based availability indication, e.g. bit/codepoint per RS resource, or per RS resource set(s)
· FFS maximum number of RS resources per RS resource set
· FFS maximum number of RS resource set



Another remaining issue is whether and how configuration index is defined. Given the resource set splitting in TRS configuration, it is convenient to assume the resource set index is used as the configuration index. There is no need to explicitly configure this index.
[bookmark: p11]Proposal 11: Use the resource set index in the TRS configuration implicitly as the configuration index.

	Agreement:
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



Other Issues
One issue brought up by companies is whether and how RRC connected UE would handle the TRS configured for idle/inactive UEs. Since the idle/inactive mode TRS is a cell specific configuration, all UEs including connected mode UEs can access the configuration. However, Rel-16 design should be sufficient for network to properly configure RS resources including TRS and CSI-RS for the connected mode UE’s beam management and tracking loop update. Then, there is no need for the connected mode UE to use the idle/inactive mode TRS. 
[bookmark: p12]Proposal 12: Whether RRC connected UEs can receive the configuration of idle/inactive TRS or use the TRS is up to UE implementation. 

[bookmark: _Hlk83579581]Another issue brought up by companies is whether time gap should be defined between L1 TRS availability indication signaling and TRS/CSI-RS. The gap is supposed to accommodate UE application delay for receiving the L1 TRS availability indication. As discussed early in this paper for validity time, this gap is needed at least for network to indicate an available TRS resource becomes unavailable so that the UE does not use noise samples to update its tracking loops. When an unavailable TRS resource becomes available, this gap is not critical. This only delays the update of UE tracking loops but does not cause degradation.
[bookmark: p13]Proposal 13: Time gap between L1 TRS availability indication signaling and TRS/CSI-RS is needed at least for the case that an available TRS resource becomes unavailable. This can be discussed under validity time for the L1 indication. 
Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for the idle/inactive mode UE. The following observations and proposals are made: 
Observation 1: Based on the RAN #93 conclusion on Rel-17 power saving enhancements, if TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI
· No joint indication based on the two DCI formats is supported
· TRS resource granularity (i.e., one bit per resource, per set of resources, per group of resource sets etc.) should be the same for the two DCI formats
· Number of information bits used for TRS availability indication should be the same for the two DCI formats.
Observation 2: Allowing PEI and paging PDCCH to carry different availability information (i.e., bitmap values) forces the UE that supports PEI to also decode the paging PDCCH.
Observation 3: The method that L1 based availability indication of TRS/CSI-RS occasions for idle/inactive UEs can be enable/disabled based on presence/absence of the configuration of TRS/CSI-RS occasions implies that L1 based availability indication is always enabled for configured TRS occasions.
Observation 4: If a L1 availability indication at an occasion provides availability and unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion, the UE needs to first receive the TRS availability for beams not currently tracked before it can receive TRS resources on these beams for beam management and tracking loop update.
Observation 5: The number of DCI information bits for L1 TRS availability indication should be also considered as network signaling overhead when common TRS configuration parameters are identified for network signaling overhead reduction.

Proposal 1: For Rel-17 L1 TRS availability indication signaling design
· Support paging PDCCH based TRS availability indication
· If PEI based TRS availability indication is agreed, it should assume there are UEs not supporting PEI
· Note: The design that only uses paging PDCCH based TRS availability indication when PEI is not configured does not work for UEs that do not support PEI
Proposal 2: PEI and paging PDCCH carry the same availability information (i.e., bitmap values) before the TRS availability indication in both signaling take effect. The two DCI formats should take effect at the same time.
Proposal 3: If RAN1 discusses whether and how the enabling/disabling of L1 TRS availability mechanism is supported, it should be discussed under the condition that some TRS occasions are configured by SIB. When L1 availability indication is disabled
· If SIB based availability indication is supported, whether TRS is present at the configured occasions is indicated by SIB
· If SIB based availability indication is not supported, UE assumes a configured TRS is present.
Proposal 4: Use bitmap to indicate the availability of configured TRS resources in the DCI format for L1 TRS availability indication. 
Proposal 5: If not all configured TRS resources can be indicated by the L1 availability indication signaling, network configures which resources are indicated by the L1 signaling. For the remaining TRS resources 
· If SIB based availability indication is supported, whether TRS is present at the configured occasions is indicated by SIB
· If SIB based availability indication is not supported, UE assumes the TRS is always present at the configured occasions
Proposal 6: Do not restrict L1 availability indication at an occasion to provide availability and unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
Proposal 7: The L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid until when the UE receives another availability indication.
Proposal 8: Reference point of the L1 based availability indication of TRS/CSI-RS is determined by the monitoring occasion of the paging PDCCH that carries the indication. This applies to the PEI based L1 based availability indication received before the paging PDCCH too.
Proposal 9: Support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs when L1 based availability indication is not configured 
· All configured TRS resources are available 
· Note: If L1 based availability indication is configured, it should be transmitted. I.e., there is no additional configuration to indicate that the configured L1 based availability indication is not enabled.
Proposal 10: For TRS resources at the configured TRS/CSI-RS occasion(s) for idle/inactive UEs, a TRS resource set can be configured to include a set of TRS resources with one or more common configuration parameters
· Common parameters can include RB allocation, periodicity, power offset and number of consecutive slots per TRS occasion 
· QCL reference is not a common parameter
· L1 based availability indication can be based on the same resource set configuration
· Maximum number of TRS resources per TRS resource set is equal to the number of transmitted SSBs in the cell
· Maximum number of TRS resource set can be 2 or 3, including at least one for low density TRS transmission and one for high density TRS transmission
· Configuration of a TRS resource in a TRS set can override the common parameter based on optional configuration parameter IE up to network implementation
Proposal 11: Use the resource set index in the TRS configuration implicitly as the configuration index.
Proposal 12: Whether RRC connected UEs can receive the configuration of idle/inactive TRS or use the TRS is up to UE implementation. 
Proposal 13: Time gap between L1 TRS availability indication signaling and TRS/CSI-RS is needed at least for the case that an available TRS resource becomes unavailable. This can be discussed under validity time for the L1 indication. 
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