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[bookmark: OLE_LINK1]Introduction
High accuracy and low latency are part of the main goals for Rel-17 positioning enhancement. Among them, accuracy improvements can be achieved by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, i.e., introducing TEG. One way for latency improvement is to enable PRS measurement within PRS processing window (PPW) outside measurement gap. 
In this contribution, we provide our views on some remaining issues for TEG, DL-AoD and PPW timeline.
Discussion
2.1 The maximum number of UE Tx TEG
According to the updated UE feature list and RRC parameter list for Rel-17 positioning enhancement after RAN1#109-e meeting [1], the maximum number of UE Tx TEGs for Multi-RTT positioning is 8 per band in UE feature [2] as shown in Table 2.1-1 but the maximum number of UE Tx TEGs is endorsed 8 per UE in RRC parameter list [3] as shown in Table 2.1-2. 
Table 2.1-1 Updated RAN1 UE features list for Rel-17 positioning enhancement
	Index
	Feature group
	Components
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Note

	27-1-2a
	Support of UE-TxTEGs for Multi-RTT positioning
	The maximum number of UE-TxTEG, which is supported and reported by UE for Multi-RTT positioning
	per band
	The candidate values are {1,2,3,4,6,8}
Need for location server to know if the feature is supported
If the UE does not include TxTEG-ID  associated with a measurement, no assumption can be made on the UE Tx timing errors for this SRS resource for positioning
Note: It should support the LMF to request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF for Multi-RTT if Multi-RTT is supported by UE


Table 2.1-2 Updated RRC parameters for UE Tx TEG
	Parameter name in the spec
	Description
	Value range
	Per (UE, cell, TRP, …)

	maxNumOfUE-TxTEG
	The maximum number of UE-TxTEG per UE
	8
	Per UE


Therefore, even though there are up to 4 bands/frequency layers for a UE, a UE can have up to 8 Tx TEGs for a band and also only have limited 8 Tx TEGs per UE.
Observation 1: The maximum number of UE TEGs is 8 per UE and per band.
For Multi-RTT positioning, UE may report or be requested by LMF to report the association information of UL SRS resources for positioning with UE Tx TEGs. According to the agreements achieved in RAN1#109-e meeting, the followings should be acknowledged:
· A maximum 8 Tx TEG per UE
· Up to 8 reports (or changes) of the TEG-SRS association information for each TEG ID for each measurement instance
· A maximum of 32 measurement time instances in one measurement report
	Agreement in RAN1#109-e:
Include the following in the reply LS to RAN4, RAN2, RAN3: 
· In RAN1’s understanding, each measurement instance may allow up to 8 reports (or changes) of the TEG-SRS association information for each TEG ID. 
· RAN1 kindly requests RAN4 for the confirmation of the understanding. 
Agreement in RAN1#109-e:
· Support up to 32 measurement instances in a single measurement report.
· Inform RAN2/RAN3 on RAN1’s decision


To sum up, the maximum number of TEG-SRS association information per measurement instance can be up to 8*8=64, and the maximum number of TEG-SRS association information per measurement report can be up to 32*8*8=2048. In TS 37.355 [4] as shown below, “maxTxTEG-Sets-r17” represents the size of sequence “nr-SRS-TxTEG-Set-r17”, the maximum number of TEG-SRS association information per measurement instance is defined as 256 and this is not aligned with RAN1’s agreements. The value of “maxTxTEG-Sets-r17” should be corrected from 256 to 64.
NR-Multi-RTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-Multi-RTT-MeasList-r16		NR-Multi-RTT-MeasList-r16,
	nr-NTA-Offset-r16				ENUMERATED { nTA1, nTA2, nTA3, nTA4, ... }		OPTIONAL,
	...,
	[[
	nr-SRS-TxTEG-Set-r17			SEQUENCE (SIZE(1..maxTxTEG-Sets-r17)) OF
										NR-SRS-TxTEG-Element-r17					OPTIONAL
																			 -- Cond Case2-3
	]]
}
<Unrelated part omitted>
NR-SRS-TxTEG-Element-r17 ::= SEQUENCE {
	nr-TimeStamp-r17			NR-TimeStamp-r16							OPTIONAL,	-- Need OP
	nr-UE-Tx-TEG-ID-r17			INTEGER (0..maxNumOfTxTEGs-1-r17),
	carrierFreq-r17				SEQUENCE {
										absoluteFrequencyPointA-r17		ARFCN-ValueNR-r15,
										offsetToPointA-r17				INTEGER (0..2199)
								}											OPTIONAL,
	srs-PosResourceList-r17		SEQUENCE (SIZE (1..maxNumOfSRS-PosResources-r17)) OF
											INTEGER (0..maxNumOfSRS-PosResources-1-r17),
	...
}
<Unrelated part omitted>
maxTxTEG-Sets-r17						INTEGER ::= 256
Proposal 1: The maximum number of TEG-SRS association information per measurement instance should be up to 8*8=64. 
· An LS is needed to RAN2 to correct TS 37.355
2.2 The association between RSRP or RSRPP measurements and PRS resource(s)
In RAN1#106bis meeting, the following agreement was achieved for UE assisted DL-AOD measurement, where up to 24 PRS RSRP and RSRPP measurements per TRP were agreed. In the first note of this agreement, it is clarified that multiple RSRPs can be reported for a given PRS resource. That is, multiple RSRP or RSRPP measurements can be reported for the same PRS resource. 
	Agreement in RAN1#106bis-e:
The agreement from RAN1#106e on the number of DL PRS RSRP measurements per TRP is extended as follows:
· For UE-A DL-AOD, support reporting more than 8 up to 16 N DL PRS RSRP measurements per TRP, where N is UE capability and candidate values include {16,24}.
· For UE-A DL-AOD, support reporting more than 8 up to 16 M first path PRS RSRP measurements per TRP, where M is a UE capability 
· FFS: Values of M. Candidate values include {2,4,8,16,24}.
· FFS: Whether M is always equal to N
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for same or different timestamps. 
· Note: the maximum number of DL PRS RSRP associated with the same Rx beam index is up to the UE implementation


However, in the current TS 38.214 [5] as shown in the following box, up to 24 PRS RSRP or RSRPP measurements should be always on different PRS resources. In other words, multiple RSRP or RSRPP measurement report are not allowed for the same PRS resource. It is not aligned with the agreement. 
	TS 38.214
The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set. The UE may be configured to measure and optionally report via higher layer signaling nr-DL-PRS-FirstPathRSRP-Result, subject to UE capability, up to 24 DL PRS RSRPP for the first detected path on different DL PRS resources associated with the same dl-PRS-ID.


Proposal 2: To align with RAN1’s agreements, allow multiple RSRP or RSRPP measurements for a single PRS resource in TS 38.214.
Our companion draft CR can be found in [6].
2.3 PPW timeline
In RAN1#109-e meeting, the PRS collision detection timeline issue was discussed for the case when PRS is configured with lower priority than the DL signals/channels considering all PRS processing window types (1A, 1B, 2). The following agreements were achieved with the value of “N symbol(s)/T ms” still in the square bracket. 
	Agreement in RAN1#109-e:
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For an activated type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW no later than [N symbol/T ms] before the start of the PPW, UE expects to receive the DL signals/channels and drop the all DL PRS in the PPW.
· For an activated type 2 PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol no later than [N symbol/T ms] before the PRS symbol, UE expects to receive the DL signals/channels and drop the PRS symbol.

Agreement in RAN1#109-e:
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For a type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW later than [N symbol/T ms] before the start of the PPW, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the DL PRS in the PPW.
· For a type 2 PRS processing window considered active
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol later than [N symbol/T ms] before the PRS symbol, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the PRS symbol.
· Note 1: This implies that if the scheduling of other DL signals/channels of higher priority arrives too late, UE may consider the PRS as higher priority than the other DL signals/channels.
· Note 2: If the scheduling of other DL signals/channels of higher priority arrives too late, it is up to UE implementation whether to receive the other DL signals/channels.


Based on the previous discussion, we think the duration of [N symbol(s)/T ms] is equivalent to the required DCI decoding time. This is similar as N2 symbols as defined for PUSCH preparation time in section 6.4 in 38.214. 
	TS 38.214

[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026][bookmark: _Hlk45746554]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and Koffset, if configured, and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, the PDCCH candidate that ends later in time is used.
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 


-	For operation with shared spectrum channel access, is calculated according to [4, TS 38.211], otherwise =0.
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	If a PUSCH of a larger priority index would overlap with PUCCH of a smaller priority index, d2 for the PUSCH of a larger priority is set as reported by the UE; otherwise d2 = 0.
[bookmark: _Hlk530136445]-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to 'enable',
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.


[bookmark: _Hlk42165618]-	If uplink switching gap is triggered as defined in clause 6.1.6,  equals to the switching gap duration and for the UE configured with higher layer parameter uplinkTxSwitchingOption set to 'dualUL' for uplink carrier aggregation µUL=min(µUL,carrier1, µUL,carrier2), otherwise . 
Otherwise the UE may ignore the scheduling DCI. 

The value of  is used both in the case of normal and extended cyclic prefix.
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36

	5
	144

	6
	288



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1





Specifically, in the case when PRS has lower priority than other signals: 
· If the DCI scheduling the other signals is no later than N2 symbols before the PPW or PRS, UE will have sufficient time to decode the DCI content and know whether the scheduling signals by the DCI is within PPW or not. If so, PRS will be dropped. 
· If the DCI scheduling the other signals is later than N2 symbols before the PPW or PRS, UE may not be able to get the DCI content before the start of PPW or PRS. Then, UE may still receive PRS.  
Hence, we think it is sufficient to replace [N symbol(s)/T ms] by N2 defined in section 6.4 in 38.214. Similarly, the subcarrier spacing µ of N2 symbols should be the smallest value among the subcarrier spacing µ(s) of the other signals scheduled by a DCI, the DCI scheduling the other signals, and PRS configured in the PPW.
Proposal 3: For PPW timeline, replace [N symbol(s)/T ms] by N2 defined in section 6.4 in 38.214.
Proposal 4: The subcarrier spacing µ of N2 symbols should be the smallest value among the subcarrier spacing µ(s) of the other signals scheduled by a DCI, the DCI scheduling the other signals, and PRS configured in the PPW.
Conclusion
In this contribution, we have the following observations and proposals for some remaining issues for NR positioning:
Observation 1: The maximum number of UE TEGs is 8 per UE and per band.
Proposal 1: The maximum number of TEG-SRS association information per measurement instance should be up to 8*8=64. 
· An LS is needed to RAN2 to correct TS 37.355
[bookmark: _GoBack]Proposal 2: To align with RAN1’s agreements, allow multiple RSRP or RSRPP measurements for a single PRS resource in TS 38.214.
Proposal 3: For PPW timeline, replace [N symbol(s)/T ms] by N2 defined in section 6.4 in 38.214.
Proposal 4: The subcarrier spacing µ of N2 symbols should be the smallest value among the subcarrier spacing µ(s) of the other signals scheduled by a DCI, the DCI scheduling the other signals, and PRS configured in the PPW.
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