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1. Introduction
At the RAN#94-e meeting, revised SID on Rel-18 NR positioning enhancement was agreed [1]. The study item includes objectives related to positioning support for RedCap UEs as follows:
	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs [RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]


In this contribution, we present our view on potential enhancements of positioning support for RedCap UEs for Rel-18 NR positioning.

2. Potential enhancements for positioning support for RedCap UEs
2.1. Target requirements for Redcap UEs
Regarding target requirements for RedCap UEs, the following proposal was discussed at the RAN1#109-e meeting [2].
	Proposal 3.4 
For the study of positioning performance of RedCap UEs, the following accuracy requirements are used for performance evaluations:
· IIOT: Horizontal position accuracy (< X m) ,  vertical position accuracy (< 1 m) for [90%] of UEs  
· FFS: X
· Commercial: Horizontal position accuracy (< Y m), vertical position accuracy (<  3m) for 90% of UEs
· FFS: Y  


Feature Lead proposed to discuss the above requirements again in RAN1#110 meeting together with the evaluation discussion. In this contribution, we’d like to discuss it based on use cases and evaluation results submitted for the RAN1#109-e meeting. NR positioning has an advantage in indoor use cases where the received power of GNSS signal would be quite weak. The need for indoor positioning/navigation (e.g., factory or building) is significant even when the UE can’t receive GNSS signal or when the UE can receive it but is heavily affected by multipath. Furthermore, even if GNSS positioning is available (e.g., outdoor positioning), it would be good if the NR positioning can be used instead of GNSS positioning because GNSS requires more power consumption, and the power consumption is an important factor for RedCap devices. NR positioning may have an advantage over GNSS positioning in terms of power consumption since long battery life is a critical requirement especially for RedCap UEs. 
Moreover, positioning accuracy is also a critical requirement for users. Generally, GNSS is capable of positioning within sub meter – a few meters error. If RedCap positioning aims to replace GNSS, it seems necessary to target the same/similar level of accuracy with GNSS. Therefore, RAN1 should strive for higher accuracy positioning as possible for RedCap UEs. 
Observation 1: 
· RAN1 should strive for higher positioning accuracy as possible for RedCap UEs.

Regarding the target performance, as RAN1 discussed at the last RAN1 meeting, Rel-16/17 horizontal accuracy requirements for non-RedCap UEs may be a good starting point, considering that the required accuracy is expected to be similar between smartphones or industrial devices and wearables and IoT devices. We should note that RedCap-specific features (e.g., bandwidth limitation) affect a positioning accuracy, and a cost perspective should also be taken into account. We referred evaluation results provided by some companies at the last RAN1 meeting, and positioning error in InF-SH scenario seems almost within a few meters, though they are based on initial evaluation results. Based on the results, we think that the horizontal positioning accuracy for IIoT may need to be relaxed from Rel-17 IIoT requirement (i.e., 0.2m) due to hardware restrictions for RedCap UEs. 1m error requirement for IIoT use case seems to be appropriate in terms of the feasibility and the requirement, and hence the target positioning accuracy should be set to 1m for RedCap UEs.
For commercial use case, the UMi scenario was not evaluated sufficiently at the last meeting. However, considering the required level of accuracy described above, commercial horizontal positioning accuracy may need to be set as high as possible, e.g., in the 1 – 3 m range for RedCap UEs as long as  it can be confirmed as feasible based on the evaluation results. We would like to discuss it at the RAN1#110 meeting with new evaluation results. 
Proposal 1: 
· Horizontal positioning accuracy for IIoT use case may need to be relaxed from Rel-17 IIoT requirement (i.e., 0.2m) due to hardware restrictions, and it should be set to 1 m for RedCap UEs.
Proposal 2: 
· Horizontal positioning accuracy for commercial use case may need to be set as high as possible, e.g., in the 1 – 3 m range for RedCap UEs. The feasibility of the target positioning accuracy is discussed based on the evaluation results at RAN1#110 meeting.

2.2. Evaluation assumptions for RedCap UEs
Regarding evaluation assumptions for RedCap UEs, the following agreements were made at the last meeting [3].
	[bookmark: _Hlk104076041][bookmark: _Hlk104076125]Agreement
Use 2Rx and 1Tx for baseline number of UE branches in FR2 in the UE antenna configuration table for RedCap UEs evaluation.
· FFS: optional configurations for number of UE branches in FR2.

Agreement
The following scenarios are evaluated for positioning performance of Redcap
· Baseline: (Case 1): Umi street canyon, as described in Table 6.1-1-4 of 38.855
· Optional outdoor: 
· (Case 2): Uma, as described in Table 6.1-1-6 of 38.855
· (Case 3): Rma (FFS details of the scenario)
· Baseline: (Case 4): InF-SH as described in Table 6.1-1 of 38.857
· Optional indoor: (Case 5) Indoor Open Office, as described in Table 6.1-1-3 of 38.855
· Optional indoor: (Case 6) InF-DH as described in Table 6.1-1 of 38.857


As discussed at the last meeting, we think RAN1 needs to consider the consistency with existing positioning and RedCap evaluation assumptions and reuse them as much as possible. UE antenna configurations for RedCap positioning evaluation were agreed as follows to align with Rel-17 RedCap UE minimum/maximum antenna configurations.
· (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) as minimum antenna configuration (baseline)
· (M, N, P, Mg, Ng) = (2, 2, 2, 1, 1) as optional configuration. 
Agreed number of UE branches (baseline: 2Rx 1Tx) supports this configuration appropriately. Moreover, in Rel-18 eRedCap AI, only FR1 band is to be evaluated in its SI phase [4]. Although it is not precluded that some solutions for FR1 can be applied to FR2 in WI stage, no optimization for FR2 is expected. Therefore, the current baseline configuration also aligns with Rel-18 eRedCap evaluation assumption, and RAN1 may not need optional configurations of number of UE branches in FR2.
Proposal 3: 
· RAN1 may not need optional configurations of number of UE branches in FR2.

Regarding evaluation scenarios, RMa scenario was introduced in addition to what Rel-16/17 evaluation assumptions for positioning/RedCap included (i.e., InF-SH, UMi, and so on). We need to decide the details of the scenario. Since RMa scenario is just one of optional scenarios, we shouldn’t spend too much time discussing it and it is favorable to reuse previous evaluation assumptions for RMa scenario for other purposes. Existing scenarios in TR 38.855 are based on TR38.901 and TR 38.802, and TR 38.830 studies rural scenario for coverage enhancement in Rel-17 SI. RAN1 agreed at the last meeting that gNB antenna configuration for 700MHz reused TR 38.830, which is expected to apply for RMa scenario. Therefore, TR 38.901, TR 38.802, and/or TR 38.830 seem to be suitable as a starting point. Example parameters for RMa scenario are described as follows.
[bookmark: _Hlk528768288]Table 1: Rural macro (RMa) scenario parameters
	
	FR1 Specific Values 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD = 1730m or 5000m – Note 1
Wrap-around is applied. Note 2

	Total gNB TX power, dBm
	49dBm

	gNB antenna configuration
	Agreement
(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ – Note 4
Applicable for 700MHz carrier frequency.

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1, Table 6.1.1-5

	Channel model
	RMa scenario – Note 3 

	Penetration loss

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d2D-in – Note 3

	Number of floors, (floor height)
	TBD

	Antenna Height: 
	35m

	UE Height 
	1.5m 

	UE dropping procedure
	50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	Min. gNB-UE distance (2D), m
	35m

	UE mobility (for modeling Doppler effects)
	For indoor UEs: 3km/h 
For outdoor UEs: 120km/h

	Note 1:	According to 3GPP TR 38.802
Note 2:	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:	According to 3GPP TR 38.901
Note 4:	According to 3GPP TR 37.830



Proposal 4: 
· TR 38.901, TR 38.802, and/or TR 38.830 seem to be suitable as a starting point for RMa parameters. Example parameters are described as follows.
· Table 1: Rural macro (RMa) scenario parameters
	
	FR1 Specific Values 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD = 1730m or 5000m – Note 1
Wrap-around is applied. Note 2

	Total gNB TX power, dBm
	49dBm

	gNB antenna configuration
	Agreement
(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ – Note 4
Applicable for 700MHz carrier frequency.

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1, Table 6.1.1-5

	Channel model
	RMa scenario – Note 3 

	Penetration loss

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d2D-in – Note 3

	Number of floors, (floor height)
	TBD

	Antenna Height: 
	35m

	UE Height 
	1.5m 

	UE dropping procedure
	50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	Min. gNB-UE distance (2D), m
	35m

	UE mobility (for modeling Doppler effects)
	For indoor UEs: 3km/h 
For outdoor UEs: 120km/h

	Note 1:	According to 3GPP TR 38.802
Note 2:	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:	According to 3GPP TR 38.901
Note 4:	According to 3GPP TR 37.830



2.3. Potential enhancements to cope with bandwidth reduction
Regarding potential enhancements for RedCap UEs, the following proposal was discussed at the last meeting [2].
	Proposal 5.2.2
PRS and SRS Bandwidth hopping will be investigated in Rel-18 NR positioning for RedCap Ues.


The introduction of PRS/SRS frequency hopping may be one possible solution to compensate for the issue associated with narrower bandwidth. Reference signal frequency hopping can virtually enhance the bandwidth, which contributes to both using the frequency diversity and the enhancement of the timing-based measurement resolution. We are expecting some discussion points to support frequency hopping procedure for PRS/SRS. RAN1 may need to define the hopping design such as hopping procedure, hopping bandwidth, or hopping pattern designed for low complexity. Definition of RF retuning gap for frequency hopping may be needed due to narrowband implementation of RedCap UEs. RAN1 may need to discuss whether a new gap for PRS/SRS frequency hopping should be defined or existing gaps such as for BWP switching or UL/DL switching for half duplex UE can be reused for frequency hopping. It may be better to introduce a new gap for more flexibility. The introduction of such a gap may bring the need for the further clarifications of the relationship with the PRS measurement without measurement gap introduced in Rel-17 positioning.
We understand none of the companies opposed the frequency hopping itself at the last meeting, but majority think it was too early to make agreements. At this meeting, performance evaluation results should be discussed first, and then RAN1 should study PRS/SRS frequency hopping if positioning accuracy enhancements for RedCap UEs are required. 
Proposal 5: 
· RAN1 should study PRS/SRS frequency hopping if positioning accuracy enhancements for RedCap UEs are required according to the evaluation results.  

3. Conclusion
In this contribution, we discussed potential enhancements for positioning for RedCap UEs. Based on the discussion, we made following observations and proposals.
Observation 1: 
· RAN1 should strive for higher positioning accuracy as possible for RedCap UEs.
Proposal 1: 
· Horizontal positioning accuracy for IIoT use case may need to be relaxed from Rel-17 IIoT requirement (i.e., 0.2m) due to hardware restrictions, and it should be set to 1 m for RedCap UEs.
Proposal 2: 
· Horizontal positioning accuracy for commercial use case may need to be set as high as possible, e.g., in the 1 – 3 m range for RedCap UEs. The feasibility of the target positioning accuracy is discussed based on the evaluation results at RAN1#110 meeting.
Proposal 3: 
· RAN1 may not need optional configurations of number of UE branches in FR2.
Proposal 4: 
· TR 38.901, TR 38.802, and/or TR 38.830 seem to be suitable as a starting point for RMa parameters. Example parameters are described as follows.
· Table 1: Rural macro (RMa) scenario parameters
	
	FR1 Specific Values 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD = 1730m or 5000m – Note 1
Wrap-around is applied. Note 2

	Total gNB TX power, dBm
	49dBm

	gNB antenna configuration
	Agreement
(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ – Note 4
Applicable for 700MHz carrier frequency.

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1, Table 6.1.1-5

	Channel model
	RMa scenario – Note 3 

	Penetration loss

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d2D-in – Note 3

	Number of floors, (floor height)
	TBD

	Antenna Height: 
	35m

	UE Height 
	1.5m 

	UE dropping procedure
	50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	Min. gNB-UE distance (2D), m
	35m

	UE mobility (for modeling Doppler effects)
	For indoor UEs: 3km/h 
For outdoor UEs: 120km/h

	Note 1:	According to 3GPP TR 38.802
Note 2:	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:	According to 3GPP TR 38.901
Note 4:	According to 3GPP TR 37.830


Proposal 5: 
· RAN1 should study PRS/SRS frequency hopping if positioning accuracy enhancements for RedCap UEs are required according to the evaluation results.  
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