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1	Introduction
In UE power savings WI for Rel-17 (latest WID in RP-212619, RAN#93), the following items were agreed regarding enhancements for idle/inactive-mode UE power saving.
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1, RAN3]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
0. 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 paper, we focus on remaining issues for provisioning of TRS/CSI-RS occasions to idle/inactive mode UEs. 
2	TRS Availability Indication
In this part, we discuss L1 based availability signaling design. 
RAN1 made below agreements in RAN1#107-e meeting. 
Agreement
For the maximum number of TRS resource sets configured by higher layer, X,
· X = 64
· FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1

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
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,
· [bookmark: _Hlk91687505]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):


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.
We first discuss the time duration aspects.
The first issue is the applicable values for the validity duration. In the last meeting, it was agreed that the validity duration is defined in terms of a number of default paging cycles, i.e., {1, 2, 4, 8, 16, 32, [64], [128], [256], [512]}. We support the full provided range including the values in square brackets as it gives the NW the flexibility to choose higher values when the TRS transmissions are more stable, and it is also useful for the UE to be aware of TRS transmissions in a longer horizon. 
In the last meeting, it was mentioned that since not all UEs support super SFN, the higher applicable values may not be appropriate for those UEs. Here, we should note that validity timer is a relative timer with respect to a reference point, while super SFN is related to an absolute time, therefore, we do not see an issue that the UE can be configured with a higher applicable value for validity time even if it does not support super SFN as the reference point for start of validity is explicitly known to the UE receiving the L1 indication. 
Regarding “FFS: Whether the availability indication is transmitted [only once] during the validity duration”, we do not see the need to add restriction that availability indication is only transmitted once during the validity duration. What is critical though is that the indication should not be inconsistent. However, we should clarify what is meant by inconsistent. For example, in case the UE is indicated that “TRS is available for the next 8 paging cycles” in one PO, and in the next PO, it is indicated again that “TRS is available for the next 8 paging cycles”, this should be fine as the UE just understands that TRS is available 1 more cycle than before i.e. both indications are consistent. It is preferable to avoid an explicit ‘unavailability signaling’ bit in the DCI as that can lead to more cases where conflicts can occur – if the UE is only indicated availability via the DCI (as agreed so far), then the scope for receiving inconsistent information is reduced. So, overall, we prefer the following.
1. [bookmark: _Toc87041387][bookmark: _Toc92802397]For L1-based TRS availability indication, the supported values for validity timer are {1, 2, 4, 8, 16, 32, 64, 128, 256, 512}. 
[bookmark: _Toc71665168][bookmark: _Toc79138878][bookmark: _Toc84013516]
Miss detection of DCI is needed for the case when/if L1 command indicates unavailability and a UE missing such a command implies misaligned assumption between NW and UE. Regarding handling miss detection of paging DCI, no specific action is needed since the L1 command explicitly indicates availability, and if the UE does not receive L1 command indicating  availability, it cannot make any assumption on TRS availability. Moreover, as explained earlier, having an explicit unavailability indication in L1 command can also cause issues with managing consistency between availability and unavailability indication. 
[bookmark: _Toc87005586][bookmark: _Toc87007579][bookmark: _Toc87007587]3	Details of PEI-related TRS availability 
For the sake of simplicity and as per the RAN agreement, it is better to follow similar design principles as paging DCI for TRS availability indication in PEI, e.g., the TRS grouping, number of bits, beam related issues and so on. However, some specific considerations can be made, e.g., the start of the bitfield which can be configured by the NW.    
Since not all UEs may support PEI, unnecessary configurability restrictions such as linking TRS availability to PEI support (like availability can be in either in PEI or in Paging DCI only) should be avoided. These two features can co-exist and that should be maintained to increase UE power saving potential.  Likewise, it should be left up to gNB implementation whether TRS availability is configured in Paging PDCCH, PEI DCI or both. 
Regarding validity time, there can be benefits to have separate configurable value for PEI and Paging DCI. A UE which utilizes PEI, will look at PEI and only if PEI indicates a paging message, then it monitors the PO. Therefore, it makes sense that for example the validity time for PEI based TRS availability indication is applicable to the corresponding paging PDSCH receptions/shorter validity times, and not necessarily configuring the same validity timer values as the paging DCI. 
1. [bookmark: _Toc87041400][bookmark: _Toc92802398]For supporting TRS availability in the PEI DCI, following is supported : 
1. [bookmark: _Toc92802399][bookmark: _Toc87041401]Configuration of the bitfield within the DCI via an explicitly configured start position 
1. [bookmark: _Toc87041402][bookmark: _Toc92802400]Configuration of separate validity time value for PEI DCI (vs Paging DCI).
1. [bookmark: _Toc87041403][bookmark: _Toc92802401]Reference point is the SFN of the first PF associated with the default paging cycle for which UE receives PEI
[bookmark: _Toc67476099]4	Details of TRS occasions configuration 

The following agreement was made in RAN1#106bis-e with regard to TRS occasions configuration. 
Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
·        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
§  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
§  a QCL reference
§  firstOFDMSymbolInTimeDomain,
§  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
§  FFS
·        scramblingID,
·        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
·        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.

[bookmark: _Toc67476123]In the last meeting, it was agreed that up to 6 groups of TRS resource sets can be configured. 
Additionally, it is FFS if scramblingID can be the same or not for all the resources within the TRS resource set. Currently, specification allows this parameter to be different within a set, and this is a NW deployment flexibility allowed from Rel-15 and adding a restriction forcing this to be the same for Rel-17 idle TRS can only reduce opportunity for power savings. If there is a need to optimize overhead further, it should be without limiting the flexibility for TRS sharing. Nevertheless, as suggested in the last meeting, in case only a single TRS resource is configured with a scrambling ID, then it applies to all TRS resources, otherwise, scrambling ID is configured per TRS resource. 
Regarding the number of slots for TRS occasions, below is specification text for Rel-15/16 TRS (38.214). For FR1, the current specification is clear when 1 or 2 slots are used for periodic TRS and hence number of slots is not needed for FR1. For FR2, configuration allows both 1 or 2 slots, a parameter for number of slots can be introduced. 
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. 
[bookmark: _Hlk25849405]-	For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. 
-	For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 

1. [bookmark: _Toc87041383][bookmark: _Toc92802394][bookmark: _Toc86840092]For configuration of TRS occasions in FR1, there is no need to introduce RRC parameter for indicating number of slots. 
1. [bookmark: _Toc87041384][bookmark: _Toc92802395]For the TRS used for connected mode UEs, specification allows scramblingID to be different among resources within a resource set, and the same flexibility should be ensured for TRS occasions for idle mode UEs.

1. [bookmark: _Toc87041406][bookmark: _Toc92802402]For configuration of TRS resource set, 
2. [bookmark: _Toc87041407][bookmark: _Toc92802403][bookmark: _Toc87041408]If only one TRS resource is configured with a scrambling ID for a TRS resource set, the same parameter scramblingID applies to all resources of the TRS resource set, otherwise, scramblingID is configured per resource in a TRS resource set. 
2. [bookmark: _Toc87041409][bookmark: _Toc92802404]For FR2, introduce an optional parameter (twoSlotTRSforFR2) to indicate number of slots i.e. if twoSlotTRSforFR2 is configured/present, then the CSI-RS resources of the TRS resource set are in two consecutive slots, otherwise the CSI-RS resources of the TRS resource set are in one slot. 

Based on this, an example TP for 38.214 subclause 5.1.6.1.1 to capture the number of slots of TRS is shown below. 
<begin TP1>
5.1.6.1.1	CSI-RS for tracking
<omit unchanged text>
A UE in RRC_IDLE or RRC_INACTIVE can receive a higher layer configuration of TRS occasions via a [TRS-ResourceSetConfig]. 
-	For frequency range 1, the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a [TRS-ResourceSet] consists of [four periodic NZP CSI-RS resources in two consecutive slots] with two periodic NZP CSI-RS resources in each slot.  except when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon in which case the [TRS-ResourceSet] consisting of two periodic NZP CSI-RS resources in one slot. 
-	For frequency range 2 the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a [TRS-ResourceSet] consists of two periodic NZP CSI-RS resources in one slot or by a [TRS-ResourceSet] of [four periodic NZP CSI-RS resources in two consecutive slots] with two periodic NZP CSI-RS resources in each slot. The parameter [twoSlotTRSforFR2] indicates the number of slots, i.e. if [twoSlotTRSforFR2] is configured, then the CSI-RS resources of the TRS resource set are in two consecutive slots, otherwise the CSI-RS resources of the TRS resource set are in one slot.
<omit unchanged text>
<end TP1>

In the draft CR discussion, trs-Info for [TRS-ResourceSet] was discussed. For trs-Info, the field description from 38.331 is as below (trs-Info is in NZP-CSI-RS resource set), but that definition does not carry over to the newly defined [TRS-ResourceSet]. So, it should be discussed how to reflect the intended behavior for [TRS-ResourceSet]). This can be captured in field description of TRS resource set in the RRC parameter list.
From 38.331 : 
[image: trs-Info
Indicates that the antenna port for all NZP-CSI-RS resources in the CSI-RS resource set is same. If the field is absent or released the UE applies the value false (see TS 38.214 [19], clause 5.2.2.3.1).
]
In the last meeting, it was also agreed that a maximum of 64 TRS resource set configurations can be provided to idle UEs. Regarding “•	FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1”, we do not see the necessity to have such a restriction. For example, the NW may want to configure two TRS resource sets with different periodicities but the same QCL for connected mode UEs, and thus it should also be allowed to provide their configurations to idle UEs.

[bookmark: _Ref178064866]5	TPs related to maintenance of RAN1 specifications
In 38.213-h00, subclause 10.4B is introduced for indication of TRS resources. We suggest below TP for this subclause for some corrections. This includes replacing “frame” with “default DRX cycle” to reflect the agreement from RAN1#107 correctly. Otherwise, the derivation of SFN from which the validity starts becomes unclear.  
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 

1. [bookmark: _Toc92802405]Adopt TP2 related to 38.213 subclause indication of TRS resources. 
<begin TP2>
[bookmark: _Toc92093865]10.4B	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set group includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of '1' for the bitmap indicates presence of TRS in associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the frame default DRX cycle that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle.
<end TP2>

Conclusion
In sections 2-5, the following observations and proposals were made: 
Observation 1	For configuration of TRS occasions in FR1, there is no need to introduce RRC parameter for indicating number of slots.
Observation 2	For the TRS used for connected mode UEs, specification allows scramblingID to be different among resources within a resource set, and the same flexibility should be ensured for TRS occasions for idle mode UEs.

Proposal 1	For L1-based TRS availability indication, the supported values for validity timer are {1, 2, 4, 8, 16, 32, 64, 128, 256, 512}.
Proposal 2	For supporting TRS availability in the PEI DCI, following is supported :
a.	Configuration of the bitfield within the DCI via an explicitly configured start position
b.	Configuration of separate validity time value for PEI DCI (vs Paging DCI).
c.	Reference point is the SFN of the first PF associated with the default paging cycle for which UE receives PEI
Proposal 3	For configuration of TRS resource set,
a.	If only one TRS resource is configured with a scrambling ID for a TRS resource set, the same parameter scramblingID applies to all resources of the TRS resource set, otherwise, scramblingID is configured per resource in a TRS resource set.
b.	For FR2, introduce an optional parameter (twoSlotTRSforFR2) to indicate number of slots i.e. if twoSlotTRSforFR2 is configured/present, then the CSI-RS resources of the TRS resource set are in two consecutive slots, otherwise the CSI-RS resources of the TRS resource set are in one slot.
Proposal 4	Adopt TP2 related to 38.213 subclause 10.4B for indication of TRS resources.
 <begin TP2>
10.4B	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set group includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of '1' for the bitmap indicates presence of TRS in associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the frame default DRX cycle that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle.
<end TP2>
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