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1. Introduction
In RAN4 #81, RAN4 continued discussion on OTDOA RSTD measurement requirements for NB-IoT but there was little progress. On the other hand, RAN1 completed OTDOA design for Rel-14 NB-IoT and sent LS in [1] that summarizes RAN1 design. In this contribution, we provide brief review of RAN1 NB-IoT OTDOA design and provide simulation results to evaluate RSTD measurement performance of NB-IoT UE. 
2. RAN1 NB-IoT OTDOA design
For in-band operation, RAN1 agreed to reuse legacy PRS pattern within PRB to avoid collision with LTE control region and CRS symbols. Furthermore, if PRS subframes are not dedicated for PRS purpose, PRS tones on symbol 5 and 6 in each slot are further punctured to avoid collision with NRS symbols. Figure 1 shows legacy PRS pattern for in-band operation. 
For standalone and guard-band operation, new PRS pattern within PRB are defined to fully utilize all OFDM symbols for PRS tone transmission while maintaining reuse-6 pattern to facilitate inter-cell interference coordination. When there are NRS symbols, PRS tones are punctured accordingly. Figure 2 shows new PRS pattern for standalone and guard-band operation.
Observation 1.Legacy PRS pattern is used for in-band operation while new PRS pattern is specified for standalone and guard-band operation with increased PRS tone density.
With introduction of new PRS pattern for only standalone and guard-band operation, RAN4 need to consider whether separate RSTD requirement needs to be defined for in-band and standalone/guard-band operation or not. Specifying separate requirement would allow further optimization for standalone/guard-band operation but it could impose fragmented requirement and UE implementation, which would not be desirable for low cost NB-IoT UE. 
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Figure 1. Legacy PRS pattern for in-band operation
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(a) PRS SF without NRS                                               (2) PRS SF with NRS

Figure 2. New PRS pattern for standalone and guard-band operation

Proposal 1. RAN4 should investigate whether common or separate RSTD measurement requirement is desirable for in-band and standalone/guard-band operation. 

RAN1 design also allows NB-IoT UE to indicate its capability of maximal bandwidth for RSTD measurement. In case NB-IoT UE can do RSTD measurement using more than 1 PRB, network can provide assistance information for LTE PRS to facilitate wideband RSTD measurement. At the same time, RAN1 also agreed on following as a guideline for RAN4 work. 
· RAN4 are requested to set requirements for NB-IoT positioning assuming UE uses only NPRS within one carrier.

Given this guideline, RAN4 should specify minimum requirement for RSTD measurement based on 1 PRB PRS processing. 

Proposal 2. RAN4 should specify minimum requirement for RSTD measurement based on 1 PRB PRS processing. 

For each cell, network is required to provide following information for PRS scheduling. 
· TPRS: 160ms, 320ms, 640ms, 1280ms.
· NPRS {10, 20, 40, 80, 160, 320, 640, 1280}
· Starting subframe offset of NPRS occasion=α × TPRS, α={0, 1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8}

We can see that TPRS is same as legacy PRS configuration but NPRS, i.e., number of PRS subframes within one PRS occasion is changed to allow assignment of larger number of PRS subframes compared to legacy PRS configuration. 
Observation 2. For NB-IoT, one PRS occasion can have larger number of PRS subframes compared to legacy PRS configuration.

3. Simulation results
Simulation was run for following cases based on simulation assumption in [2]. 
· Cell ID : Non-colliding PRS (0, 1, 2), Colliding PRS (0, 6, 12)

· Network synchronization : only synchronous case (0, 0, CP/2)

· Duplex mode : only FDD

· Number of Rx antenna: 1

· Frequency offset : 50Hz

· PRS bandwidth : 1 RB

· Propagation channel: AWGN, EPA5, ETU30

· SINR 
· Normal coverage: (-6,-13,-13)
· SNR=(-6, -13, -13) dB for non-colliding case
· SNR=(-5.33, -10.65, -10.65) dB for colliding case
· Enhanced coverage: (-15,-15,-15)
· SNR=(-15, -15, -15) dB for non-colliding PRS case
· SNR=(-14.7, -14.7, -14.7) dB for colliding PRS case
· NPRS : 10 SF in a PRS occasion

· PRS occasion : 

· 10, 20, 40 for normal coverage
· 20, 40, 80 for enhanced coverage
One thing RAN4 need to discuss is whether coherent averaging across adjacent PRS subframes are allowed or not. RAN4 had similar discussion in RRM measurement discussion and specified RRM measurement requirements based on the assumption that UE can do coherent averaging over 3 SFs. It’s not clear whether similar approach can be also used for RSTD measurement. 
Proposal 3. RAN4 should investigate whether coherent averaging of PRS across adjacent PRS subframes can be used for RSTD measurement. 

In the simulation below, we assumed non-coherent averaging between adjacent PRS subframes. Table 1 and 2 show summary of simulation results for normal and enhanced coverage. From the simulation results, we can observe that
· For colliding PRS case, UE cannot obtain reliable RSTD measurement due to lack of enough processing gain to suppress stronger PRS from other cells. 
· In AWGN channel, for non-colliding PRS case, UE needs to rely on non-coherent averaging over large number of PRS occasions to improve RSTD measurement accuracy. 
· In normal coverage, average over 20 PRS occasions, i.e., average over 200 PRS SFs, provides measurement accuracy of 15 Ts and average over 40 PRS occasions, i.e., average over 400 PRS SFs, provides measurement accuracy of 10 Ts. 
· In enhanced coverage, average over 40 PRS occasions, i.e., average over 400 PRS SFs, provides measurement accuracy of 22 Ts and average over 80 PRS occasions, i.e., average over 800 PRS SFs, provides measurement accuracy of 16 Ts. 

Observation 3. NB-IoT UE cannot provide reliable RSTD measurement for colliding PRS case. 

Proposal 4. Specify RSTD measurement requirement for NB-IoT UE only for non-colliding PRS scenario. 
Table 1. 90%-tile of absolute RSTD measurement error (Ts) in normal coverage
	PRS BW
	channel
	case
	Colliding PRS (0, 6, 12)
	Non-colliding PRS (0, 1, 2)

	
	
	
	neighbor 1
	neighbor 2
	neighbor 1
	neighbor 2

	1 RB
	AWGN
	10 PRS occasion
	13.91
	53.23
	21.23
	21.94

	
	
	20 PRS occasion
	10.07
	44.95
	14.49
	14.20

	
	
	40 PRS occasion
	7.95
	40.39
	10.08
	9.48

	
	EPA5
	10 PRS occasion
	
	
	
	

	
	
	20 PRS occasion
	
	
	
	

	
	
	40 PRS occasion
	
	
	
	

	
	ETU30
	10 PRS occasion
	
	
	
	

	
	
	20 PRS occasion
	
	
	
	

	
	
	40 PRS occasion
	
	
	
	


Table 2. 90%-tile of absolute RSTD measurement error (Ts) in enhanced coverage
	PRS BW
	channel
	case
	Colliding PRS (0, 6, 12)
	Non-colliding PRS (0, 1, 2)

	
	
	
	neighbor 1
	neighbor 2
	neighbor 1
	neighbor 2

	1 RB
	AWGN
	20 PRS occasion
	31.26
	49.84
	30.22
	28.67

	
	
	40 PRS occasion
	20.93
	40.80
	21.29
	19.63

	
	
	80 PRS occasion
	15.44
	34.61
	15.45
	15.99

	
	EPA5
	20 PRS occasion
	
	
	
	

	
	
	40 PRS occasion
	
	
	
	

	
	
	80 PRS occasion
	
	
	
	

	
	ETU30
	20 PRS occasion
	
	
	
	

	
	
	40 PRS occasion
	
	
	
	

	
	
	80 PRS occasion
	
	
	
	


Note. Simulation results for fading channel will be added later. 

4. Conclusions

In this contribution, we provided simulation results for RSTD measurement for NB-IoT UE. Our observations and proposals are
Observation 1.Legacy PRS pattern is used for in-band operation while new PRS pattern is specified for standalone and guard-band operation with increased PRS tone density.

Observation 2. For NB-IoT, one PRS occasion can have larger number of PRS subframes compared to legacy PRS configuration.

Observation 3. NB-IoT UE cannot provide reliable RSTD measurement for colliding PRS case. 

Proposal 1. RAN4 should investigate whether common or separate RSTD measurement requirement is desirable for in-band and standalone/guard-band operation. 

Proposal 2. RAN4 should specify minimum requirement for RSTD measurement based on 1 PRB PRS processing. 

Proposal 3. RAN4 should investigate whether coherent averaging of PRS across adjacent PRS subframes can be used for RSTD measurement. 

Proposal 4. Specify RSTD measurement requirement for NB-IoT UE only for non-colliding PRS scenario. 
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