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[bookmark: _Ref513464071]Introduction
In RAN#101, the following descriptions for RedCap UE positioning for WID were agreed [1]. In addition, agreements were made during RAN1#114b [2].
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].



In this contribution, remaining issues for positioning of RedCap UEs are described, considering the agreements made in RAN1#114b [2].
[bookmark: _Hlk101726869]Measurements for DL Rx hopping
The network can configure the normal PRS transmission (e.g., Rel. 16/17 PRS) and the UE can be configured with a Rx hopping. The advantage of this approach is that the conventional positioning transmission parameters can be reused, while allowing the RedCap UE to perform measurements over the bandwidth the RedCap UE is capable of measuring. The following agreement was made in RAN1#113 [5].
	Agreement
The previous agreement is updated as follows:

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One  measurement where a measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


The FFS point are “FFS: indication of how many received hops / which received hops where used in the measurement report. “ and “FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together”. 
The UE or gNB can decide whether to report the measurements coherently or per-hop basis based on the reception status. If all hops in a pattern are received, the UE reports coherently combined measurements. If not all hops in a pattern are received, the UE reports one or more measurements where each measurement is associated with one received hop. 
When the UE makes measurement based on received hops, there should be agreements on how the UE determines timing based measurement based on received hops. A straightforward method of determining RSTD is hop-pair based RSTD determination shown in Figure 1. For example, a pair of “Meas. BW hop #1” for PRS occasion #1 transmitted from reference TRP and TRP1 constitute a hop-pair. 
Especially when RSTD is determined based on a single hop, the procedure of the UE determining the RSTD should be clear and configuration of PRS should be consistent for different TRPs. If the UE determines RSTD for Rx hopping based on UE implementation, reported RSTDs may be inconsistent between different UEs or even for a UE who may determine RSTDs based on different hop occasion at different occasions. If the UE cannot indicate which hop is used to determined the RSTD, positioning based on RSTD for Rx hopping can lead to unreliable results. Thus we make the following proposals.
Proposal 1: The UE should be configured with the same number of PRS repetitions transmitted from the reference transmission point and target transmission point when Rx hopping is enabled.
Proposal 2: When Rx hopping is enabled, the UE determines RSTD based on a hop pair basis where a hop pair consists of two PRSs with the same repetition occasion index each transmitted from different transmission point
In the feature lead summary [4], the following proposal was discussed. It was proposed that the UE can indicate that the hop measurement is based on a single hop or multiple hops. Such indication will be helpful for the network to determine uncertainty in the reported measurement.
	Proposal 3.2-1: 
For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping:
· the UE/gNB can report either a single-hop or multi-hop measurement
· the measurement report indicates which of a single-hop or multihop measurement is being reported 
·  details of the reporting up to RAN2. 
· Note: conditions for reporting single or multiple hops is up to RAN4.  


Thus the following proposal is made.
Proposal 3: The UE/gNB can report either a single-hop or multi-hop measurement and the measurement report indicates which of a single-hop or multihop measurement is being reported.



[bookmark: _Ref131674326]Figure 1 Hop-pairwise measurement of RSTD
Another FFS point is whether the UE includes indication of how many received hops / which received hops where used in the measurement report. In the FL summary the following proposal was discussed.
	Proposal 3.1-1: 
For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping:
· the UE/gNB can additionally report   
· Indication of which hop(s) were used to produce the DL positioning measurement for UE reported DL positioning measurements 
· Indication of which hop(s) were used to produce the UL positioning measurement for gNB reported UL positioning measurements. 
· The LMF can request the UE /gNB to include the hop indicators in the measurement report. 


To provide more details for the LMF, the UE can include ID of received hop(s) in the measurement report. As described above, if hop indicator is not provided, timing measurements such as RSTD may become inconsistent.
Proposal 4: If multi-hop based measurement is supported, the UE can either indicate hop indices of received hops or number of hops used to determined the measurement

Frequency hopping with SRS for positioning
Remaining details for uplink time window
In RAN1#114b, the following agreement was made. It was agreed that periodic UL time windows (UTWs) can be configured. Within a UTW, the UE is prohibited to transmit other signals or channels than SRS for positioning with frequency hopping. In addition the duration of the window was also agreed as follows.
	Agreement
With regards to the configuration of the UTW:
· the window parameters for periodicity and starting slot offset have the same candidate values as the periodicity and starting slot offset parameters for the SRS for positioning in the IE PeriodicityAndOffset 
· the duration of the window in slot is {1,2,4,6} slots

Agreement
SRS for positioning with Tx hopping can be configured to be periodic, aperiodic or semi-persistent
· The mechanism for aperiodic and semi-persistent SRS for positioning (DCI triggered and MAC-CE activation/deactivation, respectively) can be re-used
· For aperiodic SRS,
· The UE is configured with the slot offset for each hop, relative to the slot containing the DCI triggering the SRS for positioning with tx hopping
· Note: all the hops are within 32 slots from the DCI triggering the SRS for positioning with tx hopping



Furthermore, as shown above RAN1 made an agreement to support both aperiodic and semi-persistent SRS for positioning with Tx hopping. Since periodic UTWs are configured semi-statically, there will be unused occasions of UTWs if Tx hopping based on semi-persistent SRSp or aperiodic SRSp is activated or triggered, respectively. 
Observation 1: If aperiodic or semi-persistent SRSp with Tx hopping is triggered or activated, respectively, there will be unused occasions of UTW.
Only UTWs that contain semi-persistent SRSp or aperiodic SRSp will be active, i.e., the UE cannot transmit PUCCH/PUSCH or other signals. The current assumption is that even if UTWs do not contain any SRSp, no other channels/signals can be transmitted in the UTWs which will be a waste of resources and introduces restrictions in scheduling.
Thus, when no SRSps are scheduled to be transmitted in the UTWs, other uplink signals/channels should be transmitted during the UL time window. This functionality will minimize the waste of resources and increase efficiency in scheduling.
Proposal 5: UL signals or channels can be transmitted during the UL time window if SRS for positioning is not scheduled to be transmitted during the UL time window.	`
Configurable number of hops for Rx hopping
In RAN1#114b, the following agreement was made.
	Agreement
For DL PRS Rx hopping, support the LMF to include an explicit request for DL PRS Rx hopping measurements and reporting in the location request signaling. 
The location information request can also optionally include the total bandwidth of all hops.


According to the agreement, the UE may receive an indication on the total bandwidth of all hops. However, how the UE can perform Rx hopping may not be clear if the number of hops and the amount of overlap in the frequency domain between consecutive hops in Rx hopping are not configured for the UE. In the following, the influence of the number of hops and the amount of overlap between consecutive hops are analyzed using numerical analysis.
To analyze the impact of different number of hops for RedCap UEs, we carried out system level simulations for IIoT scenario and compare horizontal positioning accuracy performance. We sweep number of hops from 1 to 5. All common evaluation parameters for evaluations are described in Table A1. It should be noted that no enhancements, such as LOS/NLOS indication, are implemented in positioning methods. Evaluation results for each case are presented in in Table 1. 
Table 1 Evaluation results relating the number of hops and accuracy performance
	PRS Configuration
	Number of Rx Hops
	Horizontal Positioning Accuracy for 90% UEs (m)

	numRB
	CombSize
	
	

	52
	2
	1
	5.92

	52
	2
	2
	5.81

	52
	2
	3
	5.06

	52
	2
	4
	3.69

	52
	2
	5
	2.67


The following observations are made.
Observation 2: For IIoT scenario, RedCap UE positioning with 5 hops results in 2.67 m horizontal accuracy for 90%ile UEs. 
Observation 3: For IIoT scenario, RedCap UE positioning with 5 hops compared to 1 hop leads to approximately 3.25 m accuracy improvement for 90%ile UEs.
Observation 4: For IIoT scenario, for number of Rx hops in the range of 1 to 5, 90%ile horizontal accuracy improves as we increase number of Rx hops. 
In the following, to study the impact of overlapping RBs between consecutive hops on positioning accuracy, we sweep the number of overlapping RBs while maintaining the same comb size and number of Rx hops. 
Evaluation results for different number of overlapping RBs are presented in Table 2. 
Table 2 Evaluation results relating overlapping RBs and accuracy performance
	PRS Configuration
	Number of Rx Hops
	Horizontal Positioning Accuracy for 90% UEs (m)

	numRB
	CombSize
	Overlapping RBs between consecutive Hops
	
	

	52
	2
	0
	5
	3.21

	52
	2
	1
	5
	3.36

	52
	2
	2
	5
	3.43

	52
	2
	4
	5
	4.04



The following observations are made. 
Observation 5: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 1 overlapping RBs between consecutive hops results in 3.36 m horizontal accuracy for 90%ile UEs. 
Observation 6: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 4 overlapping RBs between consecutive hops results in 4.04 m horizontal accuracy for 90%ile UEs. 
Observation 7: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 4 overlapping RBs between consecutive hop compared to 1 overlapping RBs leads to approximately 0.68 m accuracy degradation for 90%ile UEs. 
Observation 8: For IIoT scenario, RedCap UE positioning with 5 Rx hops and number of overlapping RBs in range of 0 to 4, 90%ile horizontal accuracy decreases as we increase number of overlapping RBs. 
Based on the above observations, it is clear that the amount of overlap or number of hops for Rx hopping has significant impact on the performance. Thus, the LMF should indicate the number of Rx hops and the amount of overlap between subsequent Rx hops to the UE such that the LMF understands how the UE derived the measurements.
Proposal 6: Support configurable number of Rx hops for DL PRS with Rx frequency hopping.
Proposal 7: Support configurable amount of overlap between Rx hops for DL PRS with Rx frequency hopping.
Minor corrections to the past agreements
In this subsection, suggestions for minor corrections to the past agreements are suggested. The following agreement was made in RAN1#114. Details related to each parameter were agreed in RAN1#114b.
	Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e.the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap


The last FFS point “FFS: whether/how special handling for the last hop overlap” was discussed since there was a concern that all hops in the pattern may not fit within the configured bandwidth. The last hop may be omitted if it does not fit within the bandwidth. From our perspective, such scenario may never occur since the network can always configured the bandwidth within which all hops can fit in. Thus, no special handling for the last hop should be needed. Therefore, we have the following proposal.
Proposal 8: Regarding “FFS: whether/how special handling for the last hop overlap”, the UE is expected to be configured with the bandwidth within which all hops in the pattern are contained, i.e., no special handling for the last hop overlap is needed
In addition, the following agreements were made in RAN1#114b. Square brackets were placed around “semi-persistent” since at the time of the agreement it was not clear whether frequency hopping for semi-persistent SRS for positioning can be supported or not. Due to the agreement to support both semi-persistent and aperiodic frequency hopping for SRS for positioning, the square brackets can be removed.
	Agreement
For SRS Tx hopping, the configuration parameters values are:
· For the hop bandwidth common to all hops
· Configuration re-uses C_SRS
· The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0. 
· For the starting RB of the first hop in time domain:
· Configuration re-uses the IE freqDomainShift
· The range is {0,268} RBs
· For the single overlap common to all hops for the SRS resource
· The value can be 0,1,2,4 RBs
· Note: This is a new IE 
· For the starting slot offset and starting symbol for the SRS resource with tx hopping (first hop in time)
· The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol
· Starting slot reuses the SRS-PeriodicityAndOffset IE
· Starting symbol reuses the starting position startPosition in the IE resourceMapping
· The starting slot offset and symbol for each of the hops following the first hop in time, 
· FFS: The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol 
· this is a new IE
· The number of consecutive symbols in a hop common to all hops
· Values are 1,2,4,8 and 12 symbols
· Configuration re-uses the IE nrofsymbols in resourcemapping
· The number of hops 
· Values are 2,3,4,5,6 
· This is a new IE 

Agreement
SRS for positioning with Tx hopping can be configured to be periodic, aperiodic or semi-persistent
· The mechanism for aperiodic and semi-persistent SRS for positioning (DCI triggered and MAC-CE activation/deactivation, respectively) can be re-used
· For aperiodic SRS,
· The UE is configured with the slot offset for each hop, relative to the slot containing the DCI triggering the SRS for positioning with tx hopping
· Note: all the hops are within 32 slots from the DCI triggering the SRS for positioning with tx hopping




Proposal 9 : From the agreement about the configuration parameter values for hopping for SRS for positioning, remove square brackets as follows, “Note: this is for the periodic [and semi-persistent] SRS” due to the agreement to support both aperiodic and semi-persistent SRS for Tx frequency hopping
The following agreement was made regarding collision rules and UTW configurations. Regarding the last note, it was not captured fully in the running TS 38.214 [3] since the definition of “cycle” was not clear. According to [3], the following sentence has been captured, 
“The UE is not expected to be configured with one [cycle] of the transmit frequency hopping that is partially overlapped with the time window.”
 It is important to use the terminology that is used commonly in the agreements in RAN1 so that the intention of the terminology is clear to readers and spec editors.
	Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, support both of the following options 
· Option 1: UL time window where the UE is not expected to []transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without [or outside] UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle partially overlapping with UTW.


In the agreement, shown below, regarding determination of the starting frequency, “pattern” is used to describe an occasion where all hops, i.e., 2,3,4,5 or 6 hops according to the agreement, are contained. Thus, we propose that we reword the note in the above agreement using “pattern“ which is already used in the RAN1 agreement.
	Agreement
The working assumption is revised as follow:

Working assumption 
For the SRS for positioning with Tx hopping wrapping pattern, the starting frequency for each symbol of the wrapped staircase pattern is configured by:

a new offset nFH is added to the the exisiting equation for the starting frequency , where 

 Where: (down-select at RAN1#115)
-alt1: is the frequency hop index of the initial hop (new configured parameter)

-alt2:  
· Note: The reference point for starting PRB of the first hop  and nshift is defined as lowest RB provided by the agreed configuration that may include SCS, CP size and bandwidth (position and size)

-  is the starting PRB of the first hop
- In k0, nshift is replaced by 
-  is the SRS hop transmission counter in time domain
- is the configured number of hops
- is the configured hop bandwidth, in number of RBs
- is the configured common overlap between two hops, in number of RB(s).



Proposal 10: In the agreement related to coexistence of UTW and prioritization rule, reword the note as follows, “Note: UE is not expected to be configured with a SRS for positioning hopping cycle wrapping pattern partially overlapping with UTW.”
Conclusion.
In this contribution, the following proposals and observation are made.
Observation 1: If aperiodic or semi-persistent SRSp with Tx hopping is triggered or activated, respectively, there will be unused occasions of UTW.
Observation 2: For IIoT scenario, RedCap UE positioning with 5 hops results in 2.67 m horizontal accuracy for 90%ile UEs. 
Observation 3: For IIoT scenario, RedCap UE positioning with 5 hops compared to 1 hop leads to approximately 3.25 m accuracy improvement for 90%ile UEs.
Observation 4: For IIoT scenario, for number of Rx hops in the range of 1 to 5, 90%ile horizontal accuracy improves as we increase number of Rx hops. 
Observation 5: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 1 overlapping RBs between consecutive hops results in 3.36 m horizontal accuracy for 90%ile UEs. 
Observation 6: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 4 overlapping RBs between consecutive hops results in 4.04 m horizontal accuracy for 90%ile UEs. 
Observation 7: For IIoT scenario, RedCap UE positioning with 5 Rx hops and 4 overlapping RBs between consecutive hop compared to 1 overlapping RBs leads to approximately 0.68 m accuracy degradation for 90%ile UEs. 
Observation 8: For IIoT scenario, RedCap UE positioning with 5 Rx hops and number of overlapping RBs in range of 0 to 4, 90%ile horizontal accuracy decreases as we increase number of overlapping RBs. 
Proposal 1: The UE should be configured with the same number of PRS repetitions transmitted from the reference transmission point and target transmission point when Rx hopping is enabled.
Proposal 2: When Rx hopping is enabled, the UE determines RSTD based on a hop pair basis where a hop pair consists of two PRSs with the same repetition occasion index each transmitted from different transmission point
Proposal 3: The UE/gNB can report either a single-hop or multi-hop measurement and the measurement report indicates which of a single-hop or multihop measurement is being reported.
Proposal 4: If multi-hop based measurement is supported, the UE can either indicate hop indices of received hops or number of hops used to determined the measurement
Proposal 5: UL signals or channels can be transmitted during the UL time window if SRS for positioning is not scheduled to be transmitted during the UL time window.	`
Proposal 6: Support configurable number of Rx hops for DL PRS with Rx frequency hopping.
Proposal 7: Support configurable amount of overlap between Rx hops for DL PRS with Rx frequency hopping.
Proposal 8: Regarding “FFS: whether/how special handling for the last hop overlap”, the UE is expected to be configured with the bandwidth within which all hops in the pattern are contained, i.e., no special handling for the last hop overlap is needed
Proposal 9 : From the agreement about the configuration parameter values for hopping for SRS for positioning, remove square brackets as follows, “Note: this is for the periodic [and semi-persistent] SRS” due to the agreement to support both aperiodic and semi-persistent SRS for Tx frequency hopping
Proposal 10: In the agreement related to coexistence of UTW and prioritization rule, reword the note as follows, “Note: UE is not expected to be configured with a SRS for positioning hopping cycle wrapping pattern partially overlapping with UTW.”
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Appendix
Table A1: IIoT scenario system parameters
	Parameter
	 Values

	Carrier frequency, GHz 
	3.5GHz

	RedCap UE Rx Bandwidth, MHz
	20MHz

	Subcarrier spacing, kHz
	30kHz 

	Channel model
	InF-SH

	Hall size
	300(L) x 150(W) m, D – 50 m

	Room height
	10 m

	Number of floors
	1

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	InF-SH - {20%, 2m, 10m} 

	Network synchronization
	Fully synchronized

	Interference modelling 
	Ideal

	Oversampling
	Not applied

	UE model parameters 
	

	UE noise figure, dB
	9dB 

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 1, 1, 1, 1)

	UE antenna radiation pattern 
	Omni, 0dBi

	UE/gNB RX and TX timing error
	No timing error

	UE horizontal drop procedure
	Uniformly distributed over entire factory floor within convex hull 

	UE antenna height
	1.5 m

	gNB model parameters 
	

	Total gNB TX power, dBm
	24 dBm

	gNB noise figure, dB
	5dB

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ  

	gNB antenna height
	8 m
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