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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues of assistance TRS for idle/inactive UE power saving enhancements are discussed.
[bookmark: _Ref71215021][bookmark: _Ref70271314]Validity duration of Availability indication for assistance TRS occasions
1.1 [bookmark: _Ref94173924][bookmark: _Ref77064009]Clarification on the reference point for MOs within the same PO/PEI-O
In RAN1 #106bis-e, #107-e and #107bis-e, the following agreements were made [1][2][3].
	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 

[bookmark: _GoBack]Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.





According to TS 38.304[4], one PO consists of S PDCCH monitoring occasions, while S is the number of actually transmitted SSBs. The starting position of a PO can be configured by firstPDCCH-MonitoringOccasionOfPO. Similar design is also applied to PEI according to the above agreement. Per our understanding, it happens that the S monitoring occasions of a Paging-Occasion or PEI-O spans cross the border of two default DRX cycles, which has a start radio frame satisfying (SFN + PF_offset mod T =0) , as shown in the example of Figure 1. 
[image: ]
[bookmark: _Ref91007439]Figure 1 One PO/PEI-O spanning two default DRX cycles
Considering the configuration of PO/PEI-O, the definition of the reference point in the agreements of “SFN of the first PF from the current default DRX cycle where UE receives the availability indication” is not clear enough and may lead to different results depending on which MO UE detects the L1 signaling. Due to the fact that one PEI-O or PO consists of S MOs, the reference point would be different for different UEs considering the UEs may detect the paging DCI/PEI DCI on different MOs among the S MOs.  For example, if UE1 and UEs receive paging DCI or PEI DCI in MOs before and after the border of two consecutive default DRX cycles respectively, UE1 and UE2 have different referent points for validity durations as shown in Figure 2. However, gNB cannot know that which MO a UE detects paging DCI and PEI DCI. Thus the UE determined reference point is unknown by gNB.
Observation 1:  The description of “SFN of the first PF from the current default DRX cycle where UE receives the availability indication” in the agreement may cause different referent point of validity durations for different UEs sharing the same PO/PEI-occasion, and needs further clarification to avoid ambiguity between gNB and UE.  
[image: ]
[bookmark: _Ref91007705]Figure 2 Different reference point for different MO within the same PO/PEI-O
There were some arguments that it is up to gNB to maintain consistent indication, i.e. gNB needs to trigger multiple validity durations for different MOs. However, it basically violates the motivation to introduce validity duration for TRS availability. Especially for the case where the validity duration length is configured not to be very large, e.g. 1 or 2 DRX cycle length, the ambiguity of the start point may cause the introduction of validity duration meaningless. Also, in FR2, 64 MOs of a PO/PEI-O could create complicated handling on gNB for each L1 availability indication, which is due to the ambiguity that could be easily resolved by standard work. 
Observation 2: It violates the motivation to introduce validity duration of TRS availability if the ambiguity of the reference point caused by detected MOs on UE is left to gNB implementation handling.
It should be specified to have the same understanding on the validity duration between gNB and UE. in our view Otherwise, it is meaningless to define validity duration, which could be also configured by gNB as 1 or 2. As shown in Figure 3, the reference point can be aligned to either the first MO or the last MO. 
[image: ]
a) Aligned to the first MO
[image: ]
b) Aligned to the last MO
[bookmark: _Ref91007904]Figure 3 Aligned reference point for all the MOs within the same PO/PEI-O
During the discussion in RAN1 #107-bis, most companies acknowledged that the clarification is needed at least for the case where L1 availability signaling is informed in paging DCI. Some companies commented that for the case where L1 availability signaling is informed in PEI DCI, it should be jointly determined with  the second issue of alignment of validity duration for PEI DCI and paging DCI, which shall be discussed in section 2.2. Therefore, we have the following proposal also considering most companies prefer to use the first MO in RAN1#107bis meeting.
Proposal 1: Clarify that “the current default DRX cycle where UE receives the availability indication” in RAN1#107 refers to the default DRX cycle that includes the first MO of a PO where UE receives the availability indication, at least for the case when L1 availability indication signaling is received in paging DCI.
According to the above analyses of validity duration, we have the following proposal.
Proposal 2: Adopt text proposal 1 in section 2.1
	------------------------------------------ Start of Text Proposal 1------------------------------------------
< Unchanged parts are omitted >
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 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 associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from (SFN+PF_offset)modT=0 [17, TS 38.304] that corresponds to the frame that includes the first MO of a paging occasion, where the paging occasion 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. 
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal 1-----------------------------------------



1.2 [bookmark: _Ref91065035]Alignment of validity duration for PEI DCI and that for paging DCI
In RAN1 #107-e, it was discussed whether the reference point of validity duration for PEI is determined by the position of the corresponding paging DCI. 
Per our understanding, according to current agreements, the definition of reference point for either PEI or paging DCI is clear. And it works even the PEI and the corresponding paging DCI are located in different DRX cycles. And we also understand that aligning the reference point of validity duration for PEI and paging DCI can provide the benefit to makes it simpler to handle validity duration. Therefore, we are open to this issue.
Proposal 3: Select one of the alternative to align the validity duration for PEI DCI and paging DCI in RAN1#108:
· Alt.1: The validity duration(s) of L1 availability indication field in a PEI DCI refer to the validity duration(s) of L1 availability indication field in the associated paging occasions of the PEI DCI.
· Alt.2: The validity duration(s) of L1 availability indication field in a PEI DCI refers to the validity duration starts from the SFN of default DRX cycle that includes the first MO of the PEI occasion where UE receives the availability indication.
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]Maximum number of configurable TRS resource sets
In RAN1 #107-e, it was agreed that the maximum number of configurable TRS resource sets is 64, and there is FFS regarding whether the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 [2]. 
	Agreement in RAN1#107
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 



During RAN1 #107bis-e, the issue of FFS was further discussed with Medium Priority [3]. A suggested proposal was provided by the moderator as following. And there was still some concern on the proposal. The concern is the benefit to introduce this further restriction is not clear considering IDLE mode UE is not required to monitor all the configured TRS resource set(s) and the UE can decide to track some of the configured TRS resource set(s) for power saving. 
	[4RD]

Proposal 4-3 (v2): 
Number of configured TRS resource sets is not larger than twice the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 for FR1.



Considering this, we support to firstly make conclusion on this to align companies’ view:
Proposal 4: Conclude that it is RAN1 understanding that Idle/inactive mode UE is not required to monitor all the TRS resource set(s) configured in SIBx by gNB.

Furthermore, regarding the benefit to limit the configured TRS resource set(s) in FR1,  we think it is for the reduced memory size on UE to reduce the cost and power consumption of the UE, which would be critical for RedCap UEs. For FR1, it looks reasonable that gNB shall not configure 64 TRS resource set(s) in FR1 where at most 8 SSBs are transmitted in a SSB burst.  We support to specify that the configured number of configurable TRS resource sets is smaller than or equal to 16, with the following summarized reasons:
· Benefit on UE: The memory requirement for storing the configuration is reduced, which reduces the cost and power consumption of the UE, which would be critical for RedCap UEs .
· Impact on gNB in FR1: Attractive power saving gain is already provided by one or two TRS resource sets per beam direction, and in FR1 it seems there is no benefit to support such high number of TRS resource set(s) as that in FR2. Considering in FR1 there are at most 8 SSBs, 8~16 TRS resource sets are enough.
Observation 3: It is beneficial to further reduce the maximum number of configurable TRS resource sets for FR1 to reduce UE memory size for low cost and power consumption, especially for RedCap UEs.
Considering it is still controversial to introduce a upper limit of the number of configured TRS resource set(s) depending on the number of actual transmitted SSBs, we propose to simply fix that the number of configured TRS resource set(s) is not expected to be larger than 16 in FR1. 
Proposal 5: Number of configured TRS resource sets in SIB for idle/inactive UEs is not larger than 16 for FR1
 How do CONNECTED UEs handle the TRS resources 
In RAN1 #107-e and #107bis-e, it was discussed how CONNECTED UE to handle the TRS resources and the corresponding availability indication in paging DCI. 
First of all, according to current spec, a CONNECTED UE is only required to monitor paging DCI every SI modification period, which is typically much longer than paging cycle. And gNB does not know in which PO a CONNECTED UE monitors paging DCI. So gNB has no idea in a particular slot whether a particular CONNECTED UE assumes the TRS resources are present or not. Therefore from gNB’s perspective, gNB cannot expect the UE will automatically perform special handling, e.g. rate-matching of PDSCH around the TRS resources.
Second, the TRS resources configured in SIB is aimed to be used by IDLE/INACTIVE UEs. CONNECTED UEs can be configured with CSI-RS (including TRS) resources by dedicated RRC signaling, which is enough for all kinds of UE operations. 
Last, for Rel-15 and Rel-16 UEs, they are not capable to read the SIB configuring TRS resources, and thus they have no information and cannot do any special handling for the TRS resources. 
For a Rel-17 UE in CONNECTED state, similar discussion was made in RAN1#107 but was not further treated. According to the comments captured in the feature lead summary, it seems companies would like to follow the legacy way as that in Rel-16 connected mode UE, i.e. no rate matching for TRS resource set if the PDSCH is overlapped with the idle mode TRS resources and scheduled by a PDCCH with the CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI, MCCH-RNTI, or a PDSCH with SPS. Therefore, the following TP in TS 38.211 is essential.
Proposal 6: Adopt the following TP2 not to impact connected mode UE’s rate matching behavior due to TRS resource set(s) configured in SIB.
	[bookmark: _Toc19796487][bookmark: _Toc26459713][bookmark: _Toc29230363][bookmark: _Toc36026622][bookmark: _Toc45107461][bookmark: _Toc51774130][bookmark: _Toc90901946]------------------------------------------ Start of Text Proposal 2------------------------------------------
< Unchanged parts are omitted >
7.3.1.5	Mapping to virtual resource blocks
[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission; 
[bookmark: _Hlk494798725]-	the corresponding physical resource blocks are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214];
-	the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2;
-	not used for non-zero-power CSI-RS according to clause 7.4.1.5 if the corresponding physical resource blocks are for a PDSCH scheduled by a PDCCH with the CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI, MCCH-RNTI, or a PDSCH with SPS, except if the non-zero-power CSI-RS is a CSI-RS configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE or except if the non-zero-power CSI-RS is an aperiodic non-zero-power CSI-RS resource or except if the non-zero-power CSI-RS is TRS resources configured via [TRS-ResourceSetConfig];
-	not used for PT-RS according to clause 7.4.1.2;
[bookmark: _Hlk494797914]-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214].
The mapping to resource elements  allocated for PDSCH according to [6, TS 38.214] and not reserved for other purposes shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index . 
------------------------------------------ End of Text Proposal 2------------------------------------------
< Unchanged parts are omitted >


 
Another issue is whether the TRS resource set(s) configured in SIB can be used for Rel-17 connected mode UE. It is up to UE implementation whether to utilize TRS resources configured in SIB when UE is in CONNECTED mode. No spec impact is expected.
Proposal 7: Conclude that it is up to UE implementation whether to utilize TRS resources for time/frequency tracking configured in SIB when UE is in CONNECTED mode.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: The description of “SFN of the first PF from the current default DRX cycle where UE receives the availability indication” in the agreement may cause different referent point of validity durations for different UEs sharing the same PO/PEI-occasion, and needs further clarification to avoid ambiguity between gNB and UE.  
Observation 2: It violates the motivation to introduce validity duration of TRS availability if the ambiguity of the reference point caused by detected MOs on UE is left to gNB implementation handling.
Observation 3: It is beneficial to further reduce the maximum number of configurable TRS resource sets for FR1 to reduce UE memory size for low cost and power consumption, especially for RedCap UEs.

Proposal 1: Clarify that “the current default DRX cycle where UE receives the availability indication” in RAN1#107 refers to the default DRX cycle that includes the first MO of a PO where UE receives the availability indication, at least for the case when L1 availability indication signaling is received in paging DCI.
Proposal 2: Adopt text proposal 1 in section 2.1
Proposal 3: Select one of the alternative to align the validity duration for PEI DCI and paging DCI in RAN1#108:
· Alt.1: The validity duration(s) of L1 availability indication field in a PEI DCI refer to the validity duration(s) of L1 availability indication field in the associated paging occasions of the PEI DCI.
· Alt.2: The validity duration(s) of L1 availability indication field in a PEI DCI refers to the validity duration starts from the SFN of default DRX cycle that includes the first MO of the PEI occasion where UE receives the availability indication.
Proposal 4: Conclude that it is RAN1 understanding that Idle/inactive mode UE is not required to monitor all the TRS resource set(s) configured in SIBx by gNB.
Proposal 5: Number of configured TRS resource sets in SIB for idle/inactive UEs is not larger than 16 for FR1
Proposal 6: Adopt the following TP2 not to impact connected mode UE’s rate matching behavior due to TRS resource set(s) configured in SIB.
Proposal 7: Conclude that it is up to UE implementation whether to utilize TRS resources for time/frequency tracking configured in SIB when UE is in CONNECTED mode.
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