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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 for Rel-17 idle/inactive UE power saving enhancements.
Idle/Inactive TRS Design
Rel-17 assumption is the idle and inactive mode TRS (iTRS) is not a dedicated resource configured for idle and inactive mode UEs. Instead, network configures the TRS used by the connected mode UEs to idle and inactive UEs to facilitate the tracking loop update. Only periodic TRS is to be configured for idle and inactive mode UEs. Power saving gain is due to the increased opportunities for tracking loop update which leads to longer deep sleep time. SIB signaling provides the configuration of the TRS and L1 singling indicates whether the TRS is transmitted on configured occasions. Before UE receives the TRS availability indication, it does not assume the configured TRS is transmitted so that no blind detection of the TRS is required to be implemented by UE. The TRS is QCL’ed with a transmitted SSB in ‘typeC’ and when applicable, in ‘typeD’. SCS of the TRS is same as SCS of CORESET#0 and UE is not expected to receive this TRS outside the initial DL BWP. RRM measurement with this TRS for serving cell is up to UE implementation without RAN1 specification. 

TRS Configuration
Configuration of iTRS includes a list of one or more TRS resource sets. A TRS resource set can be configured to include a set of TRS resources in up to two consecutive slots. TRS resource is same as Rel-15/16 based on a CSI-RS in a symbol. Common configuration parameters are shared for TRS resources in the TRS resource set for configuration signaling overhead reduction in SIB. The common parameters include QCL reference, firstOFDMSymbolInTimeDomain, frequencyDomainAllocation for row1, startingRB, nrofRBs, powerControlOffsetSS, periodicityAndOffset. The common QCL reference per resource set implies that if the network configures iTRS on all SSB beams, the number of configured iTRS resource sets is at least equal to the number of transmitted SSBs. This affects the design of iTRS availability indication which will be discussed in more details later in this contribution. 
The number of iTRS resource sets is configured by higher layer with a maximum value 64 so that even for FR2 network can configure at least one iTRS resource set on each transmitted SSB. There is an FFS on further restriction on the actual number of the configured resource sets. Our understanding is the L1 availability indication can at least enable adaptation of iTRS transmission switching between a dense and a sparse periodicity of the iTRS on each beam. Then, number of configured TRS resource sets is sufficient as long as it is twice the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. 
[bookmark: p1]Proposal 1: Number of configured TRS resource sets is not larger than twice the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.

	Agreement
For the maximum number of TRS resource sets configured by higher layer, X,
· X = 64
· FFS: the 



TRS Availability Indication
In RAN1 #107-e, the following agreements were made for the L1 TRS availability indication [2]. It is indeed necessary to transmit the iTRS availability indication in both paging PDCCH and PEI. The availability indication carried by paging PDCCH helps decouple the PEI and iTRS features. Then a UE can still receive the TRS availability information even if it does not decode PEI at all. The availability indication carried by PEI avoids the UE supporting PEI always decoding paging PDCCH even when the UE’s subgroup is not paged. Note that according to the RAN #93-e conclusion the same mechanism/principle for TRS availability indication should be adopted for the two DCI formats. 
TRS availability information is based on a bitmap in the DCI format. Up to 6 bits are used to carry the availability information because 6 is the number of reserved bits in paging PDCCH. As mentioned early, common QCL reference is configured per iTRS resource set. Then if one bit is used indicates a single iTRS resource set, network can at most configure 6 iTRS resource sets for 6 transmitted SSBs. This is apparently not enough for FR2 which may have up to 64 transmitted SSBs. To avoid this problem, it was agreed that a bit in the bitmap indicates a group of TRS resource sets. In TRS resource set configuration, a group ID is added to associate multiple iTRS resource sets to one bit of the bitmap. In particular, group ID value  maps to bit  in the TRS availability indication field. 

	Agreement
For L1 availability indication using a bitmap, the following is supported:
· Number of bits in the bitmap, N, is up to 6 bits 
· a bit is associated with a group of TRS resource sets. The associated TRS resource sets for each bit can be based on 
· explicit configuration of TRS resource set group, where 
· each TRS resource set is configured with a ID i, with value from {0, …, N-1}, for the association with an indication bit in TRS availability indication field.
· the ith bit maps to all the TRS resource set(s) associated with ID i. 
· start of the bitmap is the first bit of the reserved bits in paging PDCCH 
· Note: It is left to RAN2 decision on whether explicit parameter is used for N or it can be implicitly   determined by the TRS resource set configurations.
Agreement
Confirm the following working assumption
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.



For TRS availability in paging PDCCH, there is no issue for any UE to assume the start of the bitmap is the first bit of the reserved bits in paging PDCCH because paging PDCCH decoding is supported by all UEs. For TRS availability in PEI, it is a little unclear how the network configuration for the subgrouping, PEI PDCCH size and iTRS is provided, e.g., in same SIB or separate SIBs. It might be slightly better to explicitly configure the starting bit location of iTRS availability indication bitmap in PEI so that UE does not have to read the PEI and subgrouping configuration first to determine starting bit location.
[bookmark: p2]Proposal 2: Network configures the start bit location of the TRS availability bitmap in PEI PDCCH in TRS configuration.
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[bookmark: _Ref86927325]Figure 1: TRS availability indication in paging PDCCH

Validity Duration
In RAN1 #107-e, the following agreements were made for the validity duration of TRS availability indication [2]. The validity duration is configured by network. Within the validity duration the TRS availability information received by UE remains valid, i.e., UE can assume the TRS availability information does not change in this duration. Once validity duration expires, the availability information become invalid, and UE does not assume any TRS is transmitted any more. The reason to have this validity duration is because it is guaranteed that an available (i.e., transmitted) TRS can be atomically turned off for a maximum time duration. Network is not forced to always transmit the TRS in case network does not have a PEI or paging PDCCH to turn off the transmission of the TRS if no UE is paged for a long time. 
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 
Note: Qualcomm and Huawei have concern on Alt a
Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s):



A problem in the agreement text “The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication” is it is a non-causal condition. The TRS availability information may start taking effect before the UE receives it. This is problematic if an available TRS is switched to unavailable. Then the UE will wrongly use noise for tracking loop update before it receives the PEI or paging PDCCH to know the TRS is not transmitted any more.
[bookmark: o1]Observation 1: Without application delay, the reference point for the start of the validity duration agreed in RAN1 #107-e is non-causal. The UE may use noise to update its tracking loops before it receives a new availability indication that switches an available TRS to unavailable.

It is necessary to ensure that the TRS availability information takes effect only after the UE receives the indication signaling. This can be done by adding a time offset  on top of the reference point for the validity duration. The offset has a time unit equal to one default DRX cycle. The UE assumes a TRS is transmitted or not based on the TRS availability information starting from the reference point + offset . Alternatively, an application delay  can be defined for the TRS availability indication signaling. The carried TRS availability information (i.e., bitmap) takes effect starting from the beginning of the next th default DRX cycle after the default DRX cycle where UE receives the availability indication. The following figure shows the reference point for the TRS availability indication with the offset or application delay equal to 1 default DRX cycle.
[bookmark: p3]Proposal 3: Define a time offset or application delay on top of the reference point for the start of the validity duration for the TRS availability indication.
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Figure 2: Application delay for TRS availability indication

The figure below shows a potential problem with validity duration if the UE expects another L1 based TRS availability indication if received before expiration of the validity duration always carries consistent (i.e., updated, different) availability information. In this case, a new validity duration is triggered which essentially prolongs the duration for an early indicated available TRS to be continuously transmitted. If UEs are paged frequently (more than once before the validity duration expires), there is no way for network to ever disable the transmission of the TRS by indicating the unavailability of the TRS. Because of this, RAN1 discussed the option to transmit the TRS availability indication only once during the validity duration, e.g., by transmitting all 0 bits in the bitmap. However, this results in unnecessary waste of signaling if the network does have a chance to transmit the TRS availability information again before the validity duration expires when PEI and paging PDCCH are transmitted to page any UE. 
[bookmark: o2]Observation 2: It is an unnecessary waste of signaling if the TRS availability indication is transmitted only once during the validity duration, e.g., by transmitting all 0 bits in the other bitmap in PEI and paging PDCCHs.
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Figure 3: Validity duration for the TRS availability indication

Root cause of this problem is only consistent TRS availability information can be transmitted before the validity duration expires. One justification for this was it avoids the missed detection problem of the TRS availability indication in PDCCH. However, the validity duration with floating start as agreed in RAN1 does not really avoid the missed detection problem because if the PDCCH is missed, UE still does not know when the validity duration is triggered to start. Only the modification period technique (i.e., UE assumes consistency of the availability information based on periodic pattern with fixed offset) can resolve the missed detection problem. However, the modification period proposal was rejected in RAN1. 
[bookmark: o3]Observation 3: The validity duration of TRS availability indication with floating start does not solve the missed detection problem.
We think the real purpose to define the validity duration is not to impose consistency restriction to multiple TRS availability indications within the configured duration but to avoid the permanent transmission of the iTRS if the network does not have a new PEI or paging PDCCH to terminate the transmission of the iTRS because no UE is paged anymore. Then as long as the transmitted TRS can be automatically turned off, there is no need to put the consistency restriction when more than one availability indication is received within the validity duration. In other words, consistency of TRS availability information is only the result of the validity duration if network does not transmit any new availability indication signaling before the previous one expires. If network does not transmit another availability indication signaling before the previous one expires, the UE just follows the new indication within the validity duration. In this case, certainly network does not need to worry about the permanent transmission problem of the TRS.
[bookmark: o4]Observation 4: Validity duration is intended to avoid a prolonged transmission of the TRS if network does not have PEI or paging PDCCH to terminate the transmission of the TRS when no UE is paged for a long time. Consistency of TRS availability information is the result of the validity duration if no more TRS availability indication is received before the expiration of the validity duration. There is no need to force the consistency on a new TRS availability indication before the expiration of the validity duration. 
Based on these discussions, we think it is good for the UE to follow the latest received TRS availability information until validity duration for this information expires or UE receives a second TRS availability indication whichever comes first. The last received TRS availability indication becomes invalid after the validity duration expires if the UE does not receive second TRS availability indication afterwards within the validity duration. If the UE receives a second TRS availability indication before validity duration expires, the second TRS availability indication can have different bitmap values than the last one and the UE will always use the last one. The two figures below show two cases that a received TRS availability indication (S1) becomes invalid after the validity duration expires or a second indication (S2) is received before the first indication (S1) expires.
[bookmark: p4]Proposal 4: UE follows the last received TRS availability information until validity duration for this indication signaling expires or UE receives another TRS availability indication, whichever occurs to the UE first.
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Figure 4: Update of TRS availability information

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: Without application delay, the reference point for the start of the validity duration agreed in RAN1 #107-e is non-causal. The UE may use noise to update its tracking loops before it receives a new availability indication that switches an available TRS to unavailable.
Observation 2: It is an unnecessary waste of signaling if the TRS availability indication is transmitted only once during the validity duration, e.g., by transmitting all 0 bits in the other bitmap in PEI and paging PDCCHs.
Observation 3: The validity duration of TRS availability indication with floating start does not solve the missed detection problem.
Observation 4: Validity duration is intended to avoid a prolonged transmission of the TRS if network does not have PEI or paging PDCCH to terminate the transmission of the TRS when no UE is paged for a long time. Consistency of TRS availability information is the result of the validity duration if no more TRS availability indication is received before the expiration of the validity duration. There is no need to force the consistency on a new TRS availability indication before the expiration of the validity duration. 

Proposal 1: Number of configured TRS resource sets is not larger than twice the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
Proposal 2: Network configures the start bit location of the TRS availability bitmap in PEI PDCCH in TRS configuration.
Proposal 3: Define a time offset or application delay on top of the reference point for the start of the validity duration for the TRS availability indication.
Proposal 4: UE follows the last received TRS availability information until validity duration for this indication signaling expires or UE receives another TRS availability indication, whichever occurs to the UE first.
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