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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92bis, the following agreement is achieved.
 Agreement:
A new NPRS sequence should be designed
· Working assumption: The new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration 

In this contribution, we provide the detail new NPRS sequence design and discuss the working assumption of backward compatible handling issue.
[bookmark: _Ref129681832]New NPRS sequence 
Enhanced sequence initialization
The legacy NPRS sequence generation uses the Rel-14 LTE PRS enhancement [1] which does not contain radio frame number in the sequence initialization equation. This means the generated NPRS signal on the same subframe number in different radio frames in the positioning occasion are exactly the same. An example of the situation is shown as follows (assuming SF#0, SF#1, SF#2 are positioning subframes)


[image: ]
Figure 1 Existing legacy NPRS does not change cross radio frames
Bearing in mind the solutions introduced for all other downlink physical layer channels for the purpose of interference randomization in previous meetings, adding the radio frame number into NPRS sequence generation is a fundamental way to further reduce inter-cell interference during the combination of the repetitions across radio frames. This can have additional gain to suppress the auto-correlation peak of unexpected cell signals on top of existing network implementation methods to handle the near-far effect.
[image: ]
Figure 2 Example of new NPRS change cross radio frames
If radio frame number is introduced into the sequence initialization equation, the UE also needs to be signaled the radio frame number to perform the sequence generation. There is already a OTDOA parameter nprs-SFN-Offset-r14 in NB-IoT with the range {0,…,63} signaling the SFN offset (modulo 64) at the transmitter between the target neighbor cell and the NB-IoT assistance data reference cell [2]. This can be used for UE to generate new NPRS sequence.
Proposal 1: For new NPRS sequence generation, change the Rel-14 NPRS sequence initialization to:


Assuming the NPRS sequence is different across radio frames as illustrated above, we evaluated the gain could be from 2 dB to 18 dB depending on non-coherent or coherent combination over 16 radio frames. The simulation results are summarized as follows in Table 1, where power imbalance tolerance is the amount by which an unwanted cell can be stronger than the wanted cell before the cross-correlation and auto-correlation functions have the same primary peak. See Figures 3 and 4.
Table 1 Summary of the auto-correlation compared to cross-correlation
	Candidates
	Power imbalance tolerance of two cells

	Same NPRS across radio frames
	12.24 dB

	Different NPRS across radio frames
 (16x non-coherent combination)
	14.18 dB

	Different NPRS across radio frames
 (16x coherent combination)
	30.75 dB
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Figure 3 Auto-correlation and cross-correlation of existing legacy NPRS 
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Figure 4 Auto-correlation and cross-correlation of changing new NPRS
Figure 5 and Figure 6 show the RSTD measurement error in the EPA1 channel under normal coverage and enhanced coverage respectively, according to the RAN4 definitions. The SNR for normal coverage is set to (-6, -13, 13) dB for three cells, and (-15, -15, -15) dB for enhanced coverage. 320 NRPS subframes are used according to the accuracy requirement in both normal and enhanced coverage. The other simulation parameters are provided in the annex for information, duplicated from the approved RAN4 simulation assumptions captured in [3].
[image: ]
Figure 5 RSTD error under normal coverage
[image: ]
Figure 6 RSTD error under enhanced coverage
It is seen that the RSTD performance is significantly improved by using the proposed new NPRS sequence above.
Observation 1: RSTD accuracy can be significantly improved by using the proposed new NPRS sequence above.
Another alternative to change resource mapping
In [4] it is proposed to use the current Rel-14 NPRS sequence but change the resource mapping for new NPRS: 

This seems to have a few problems:
(1) The proposed method introduces SFN to the resource mapping. As stated above, there is only an existing OTDOA parameter nprs-SFN-Offset-r14 in NB-IoT with the range {0,…,63} signaling the SFN offset (modulo 64) at the transmitter between the target neighbor cell and the NB-IoT assistance data reference cell [2]. It is our view this can be reused for UE to save signaling overhead. So we think the (SFN) should be replaced by (SFN modulo 64).
(2) It was well discussed for the Rel-13 MIB-NB and SIB-NB scrambling improvement for the interference limited scenario during meeting RAN1#88 [5][6][7][8]. It was found that a key characteristic is to introduce the non-linear operation of Cell ID and SFN to achieve better auto-correlation performance. MIB-NB and SIB-NB scrambling are changed in such ways. Also, in Rel-14, all other DL channels on non-anchor carriers are changed to new scrambling similar with MIB/SIB with non-linear operation as well. The proposed solution for resource mapping change does not have non-linear operation of NPRS ID and SFN. It will decrease performance which was already observed in the past.
(3) With respect to the previous agreement it is agreed that a new NPRS sequence should be designed. The proposal to reuse legacy NPRS sequence but change NPRS resource mapping seems inconsistent with the agreement.
Overall, we have the following observations for the alternative proposal:
Observation 2: For the proposal to use the existing Rel-14 NPRS sequence but change its resource mapping:
· Introducing SFN requires larger signaling value set than existing higher layer signaling.
· The well demonstrated characteristic to improve auto-correlation performance by introducing necessary non-linear operation of Cell ID and SFN for all other DL channels is missing for NPRS.
· The proposal itself seems inconsistent with previous agreement to introduce a new NPRS sequence.
On backward compatibility
In the last meeting, RAN1 made a working assumption that the new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration. The main concern around the working assumption is that:
· The only reason to have a backward compatible solution with the Rel-14 NPRS is to protect tested and deployed UEs using the earliest versions of Rel-14 specifications, of which there are thought to be none in existence. For that questionable advantage, the designs would require duplicate higher layer signaling configuration overhead and NPRS transmission resource.
(1) Firstly, we take a look at the signaling overhead part. In LPP protocol [2], for OTDOA reference cell configuration, the reference cell has maximum 5 carriers configured for NPRS.
-- ASN1START

OTDOA-ReferenceCellInfoNB-r14 ::= SEQUENCE {
	physCellIdNB-r14				INTEGER (0..503)			OPTIONAL,	-- Cond NoPRS-AD1
	cellGlobalIdNB-r14				ECGI						OPTIONAL,	-- Cond NoPRS-AD2
	carrierFreqRef-r14				CarrierFreq-NB-r14			OPTIONAL,	-- Cond NotSameAsServ1
	earfcn-r14						ARFCN-ValueEUTRA-r14		OPTIONAL,	-- Cond Inband
	eutra-NumCRS-Ports-r14			ENUMERATED {ports1-or-2, ports4}
																OPTIONAL,	-- Cond NoPRS-AD3
	otdoa-SIB1-NB-repetitions-r14	ENUMERATED { r4, r8, r16 }	OPTIONAL,	-- Cond NotSameAsServ2
	nprsInfo-r14					PRS-Info-NB-r14				OPTIONAL,	-- Cond NPRS
	...
}

-- ASN1STOP

-- ASN1START

PRS-Info-NB-r14 ::= SEQUENCE (SIZE (1..maxCarrier-r14)) OF NPRS-Info-r14

NPRS-Info-r14 ::= SEQUENCE {
	operationModeInfoNPRS-r14	ENUMERATED { inband, standalone },
	nprs-carrier-r14			CarrierFreq-NB-r14	OPTIONAL,	-- Cond Standalone/Guardband
	nprsSequenceInfo-r14		INTEGER (0..174)	OPTIONAL,	-- Cond Inband
	nprsID-r14					INTEGER (0..4095)	OPTIONAL,	-- Cond NPRS-ID
	partA-r14					SEQUENCE {
		nprsBitmap-r14			CHOICE {
			subframePattern10-r14	BIT STRING (SIZE (10)),
			subframePattern40-r14 	BIT STRING (SIZE (40))	
		},
		nprs-MutingInfoA-r14	CHOICE {
			po2-r14					BIT STRING (SIZE(2)),
			po4-r14					BIT STRING (SIZE(4)),
			po8-r14					BIT STRING (SIZE(8)),
			po16-r14				BIT STRING (SIZE(16)),
			...
		}															OPTIONAL,		-- Cond MutingA
		...
	}																OPTIONAL,		-- Cond PartA
	partB-r14					SEQUENCE {
		nprs-Period-r14			ENUMERATED { ms160, ms320, ms640, ms1280, ... },
		nprs-startSF-r14		ENUMERATED { zero, one-eighth, two-eighths, three-eighths, 
											four-eighths, five-eighths, six-eighths,
											seven-eighths, ...},
		nprs-NumSF-r14			ENUMERATED { sf10, sf20, sf40, sf80, sf160, sf320,
											sf640, sf1280, ...},
		nprs-MutingInfoB-r14	CHOICE {
			po2-r14					BIT STRING (SIZE(2)),
			po4-r14					BIT STRING (SIZE(4)),
			po8-r14					BIT STRING (SIZE(8)),
			po16-r14				BIT STRING (SIZE(16)),
			...
		}															OPTIONAL,		-- Cond MutingB
		...
	}																OPTIONAL,		-- Cond PartB
	...
}

maxCarrier-r14	INTEGER ::= 5

-- ASN1STOP


For OTDOA neighbour cell configuration, the maximum number of configured neighbour cell is 72. For each neighbour cell the maximum number of configured carrier is also 5.
-- ASN1START

OTDOA-NeighbourCellInfoListNB-r14 ::= SEQUENCE (SIZE (1..maxCells-r14)) OF 
														OTDOA-NeighbourCellInfoNB-r14

OTDOA-NeighbourCellInfoNB-r14 ::= SEQUENCE {
	physCellIdNB-r14				INTEGER (0..503)		OPTIONAL,		-- Cond NoPRS-AD1
	cellGlobalIdNB-r14				ECGI					OPTIONAL,		-- Cond NoPRS-AD2
	carrierFreq-r14					CarrierFreq-NB-r14		OPTIONAL,		-- Cond NotSameAsRef1
	earfcn-r14						ARFCN-ValueEUTRA-r14	OPTIONAL,		-- Cond Inband
	eutra-NumCRS-Ports-r14			ENUMERATED {ports-1-or-2, ports-4, ...}
															OPTIONAL, 		-- Cond NotsameAsRef2
	otdoa-SIB1-NB-repetitions-r14	ENUMERATED { r4, r8, r16 }	
															OPTIONAL,		-- Cond	NotSameAsRef3
	nprsInfo-r14					PRS-Info-NB-r14			OPTIONAL,		-- Cond NotsameAsRef4
	nprs-slotNumberOffset-r14		INTEGER (0..19)			OPTIONAL,		-- Cond NotsameAsRef5
	nprs-SFN-Offset-r14				INTEGER (0..63)			OPTIONAL,		-- Cond NotsameAsRef6
	nprs-SubframeOffset-r14			INTEGER (0..1279)		OPTIONAL,		-- Need OP
	expectedRSTD-r14				INTEGER (0..16383)		OPTIONAL,		-- Cond NoPRS-AD3
	expectedRSTD-Uncertainty-r14	INTEGER (0..1023)		OPTIONAL,		-- Cond NoPRS-AD3
	prsNeighbourCellIndex-r14		INTEGER (1..72)			OPTIONAL,		-- Cond PRS-AD
	...
}

maxCells-r14	INTEGER ::= 72

-- ASN1STOP

[bookmark: _GoBack]Note that the NPRS is configured per NB-IoT carrier. It means the maximum number of total nprsInfo-r14 configuration is 365 (1*5+72*5). If the new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration, the maximum NPRS configuration is doubled to 730 carriers. 
Roughly calculate the maximum payload of key configuration parameter nprsInfo-r14 as above, it consumes approximate 11 Bytes. Plus some other parameters besides nprsInfo-r14 for a carrier, the maximum total payload to configure per cell is approximate 28 Bytes. 
We roughly calculate the payload of the higher layer signaling for NPRS configuration in Table 2.
Table 2 Summary of the maximum carrier and payload of NPRS info configuration
	Confirm new NPRS operate in backward compatible manner with the Rel-14 NPRS
	Carrier number for legacy NPRS
	Carrier number for new NPRS
	Total carrier
	Total payload (Byte)

	YES
	365
	365
	730
	20440

	NO
	0
	365
	365
	10220


Although in real deployment the configured OTDOA carrier may be less than the maximum number and some of the signaling is optional, the overhead of the duplicate configuration still can be foreseen large overhead which consume more power consumption since the payload of the configuration per carrier is not trivial.
(2) Secondly, we take a look at the NPRS transmission resource consumption. As proposed in [9], the new NPRS sequence can operate in a backward compatible manner with the Rel-14 NPRS by configuration of either TDM or the legacy as part of the new NPRS. However, assuming UEs supporting legacy NPRS and UE supporting new NPRS target same RSTD accuracy, the legacy NPRS and new NPRS should reasonably configure similar resources (or resource for legacy NPRS is more than new NPRS due to poor performance). That means the resource also at least double compared to transmit new NPRS only in a non-backward compatible way with legacy NPRS.
(3) Thirdly, we take a look at whether mechanisms could be found in any particular case to avoid duplicate signaling overhead and NPRS transmission resource consumption in real deployment in the cell. The positioning architecture reuses LTE OTDOA positioning architecture and the center controller is E-SMLC. The typical OTDOA procedure are as follows [2][10]:
- E-SMLC requests OTDOA information from eNBs via LPPa
- eNB response to provide information including e.g. NPRS configuration to E-SMLC via LPPa


Figure 7 OTDOA information exchange procedure between E-SMLC and eNB
- E-SMLC requests OTDOA capability from UE via LPP
- UE provide OTDOA capability to E-SMLC via LPP


Figure 8 OTDOA capability transfer procedure between E-SMLC and UE
The assistance data (e.g. OTDOA cell NPRS configuration) and location information (e.g. RSTD measurement results) are exchanged between E-SMLC and UE via LPP.


Figure 9 OTDOA assistance data/location information exchange between UE and E-SMLC
The control centre E-SMLC gathers OTDOA cell NPRS configurations from different eNBs and decides itself which of them are configured to a target UE who has OTDOA capability. It does not deliver UE capability information to the OTDOA cells. Note that there is no positioning configuration interface between eNB and UE. Even if all UEs support new NPRS in the cell the eNB cannot adaptively only configure new NPRS. There is no way for the UE to inform all the OTDOA cells of its radio capability because RRC is terminated in only one eNB. Another thing, how many and which cells can be configured to a target UE for RSTD measurement is decided by E-SMLC rather than eNBs.
(4) Fourthly, if network configures to transmit both legacy NPRS and new NPRS, the combination of the two types of NPRS used for UE (support both) RSTD measurement (i.e. legacy NPRS, new NPRS, or legacy + new NPRS) needs to be clarified or reported to the E-SMLC. And since legacy NPRS should have poor performance in some scenarios, whether the combination of legacy and new NPRS is suitable is questionable.
Observation 3: If new NPRS must operate in a backward compatible manner with the Rel-14 NPRS by configuration: 
· The additional signaling overhead is not trivial.
· The resource overhead of NPRS transmission is at least doubled.
· Even if UE indicates its capability of supporting new NPRS to its serving eNB, it is not help to reduce the signaling overhead and NPRS resource consumption because UE capability is not known to the multiple non-serving cells used for OTDOA. E-SMLC does not deliver UE capability information to eNBs.
· The usage of the legacy and new NPRS for different capability UEs’ RSTD measurement needs to be clarified or reported to E-SMLC which requires more complicated specification efforts.
Therefore, unless it is clear that there are already tested and deployed UEs in use based on early Rel-14 specification versions, the working assumption should be not confirmed. Since no testing frameworks have been defined yet, it is extremely highly likely that this is the case. 
Proposal 2: Given the additional complexity of conforming the working assumption, strong reasons for backward compatibility to existing Rel-14 NPRS should be explained by proponents. 
Proposal 3: RAN1 does not confirm the working assumption, and proceeds to design new NPRS for Rel-14 OTDOA on the basis that eNB only needs to transmit the new NPRS.
For in-band operation, whichever way the new NPRS is designed, when LTE PRS and (new) NPRS collide, the colliding part should be transmitted as LTE PRS on that PRB.
[image: ] 
Figure 10 Collision handling if new NPRS is collision to PRS for in-band operation mode
Proposal 4: When the new NPRS collides LTE PRS in-band, the colliding part is transmitted as LTE PRS on those PRB(s). 
Conclusions
In this contribution, we discuss the detail new NPRS sequence design and the working assumption on backward compatible issue. The observations and proposals are as follows:
Proposal 1: For new NPRS sequence generation, change the Rel-14 NPRS sequence initialization to:


Proposal 2: Given the additional complexity of conforming the working assumption, strong reasons for backward compatibility to existing Rel-14 NPRS should be explained by proponents. 
Proposal 3: RAN1 does not confirm the working assumption, and proceeds to design new NPRS for Rel-14 OTDOA on the basis that eNB only needs to transmit the new NPRS.
Proposal 4: When the new NPRS collides LTE PRS in-band, the colliding part is transmitted as LTE PRS on those PRB(s). 

Observation 1: RSTD accuracy can be significantly improved by using the proposed new NPRS sequence above.
Observation 2: For the proposal to use the existing Rel-14 NPRS sequence but change its resource mapping:
· Introducing SFN requires larger signaling value set than existing higher layer signaling.
· The well demonstrated characteristic to improve auto-correlation performance by introducing necessary non-linear operation of Cell ID and SFN for all other DL channels is missing for NPRS.
· The proposal itself seems inconsistent with previous agreement to introduce a new NPRS sequence.
Observation 3: If new NPRS must operate in a backward compatible manner with the Rel-14 NPRS by configuration: 
· The additional signaling overhead is not trivial.
· The resource overhead of NPRS transmission is at least doubled.
· Even if UE indicates its capability of supporting new NPRS to its serving eNB, it is not help to reduce the signaling overhead and NPRS resource consumption because UE capability is not known to the multiple non-serving cells used for OTDOA. E-SMLC does not deliver UE capability information to eNBs.
· The usage of the legacy and new NPRS for different capability UEs’ RSTD measurement needs to be clarified or reported to E-SMLC which requires more complicated specification efforts. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] 3GPP TS 36.211, “Physical channels and modulation”
[2] 3GPP TS 36.355, “LTE Positioning Protocol (LPP)”
[3] [bookmark: _Ref510728146]R4-168417, “Simulation assumption on RSTD for eNB-IOT”, Huawei, HiSilicon, RAN4#80bis, Ljubljana, Slovenia, October 2016.
[4] R1-1804167, “On NPRS performance”, Ericsson, RAN1#92bis, Sanya, China, 2018
[5] R1-1703087, “Motivation for change to scrambling of NB-IoT MIB and SIB”, Huawei, HiSilicon, RAN1#88, Athens, Greece, 2017
[6] R1-1703913, “Correction on the scrambling of NPBCH and NPDSCH carrying the BCCH”, Huawei, HiSilicon, RAN1#88, Athens, Greece, 2017
[7] R1-1703874, “On cross-correlation properties of combined Gold sequences applied to NPBCH rotation sequence”, Qualcomm, RAN1#88, Athens, Greece, 2017
[8] R1-1703964, “NPBCH symbol rotation for interference randomization in NB-IoT”, Qualcomm, RAN1#88, Athens, Greece, 2017
[9] R1-1804896, “On NPRS performance”, Qualcomm, RAN1#92bis, Sanya, China, 2018
[10]  3GPP TS36.455, “LTE Positioning Protocol A”

Annex
Simulation assumptions for RSTD measurement using PRS/CRS
	Parameter
	Value

	Cell layout
	· 3 cells at distinct locations
·  the distances between each cell and target UE are identical
· Same ISD between cells

	Cell ID scenarios
	((0, 2, 4) for non-colliding case, 
(0, 132, 6) for colliding case (baseline)

	Network synchronization
	· Synchronous with time shifts <0,0, CP/2>
· Option: Asynchronous with time shifts: <0, 250us, 450us>

	DRX
	OFF

	Carrier frequency 
	2 GHz

	Measurement bandwidth
	1RB

	Channel model
	Baseline: AWGN, ETU1, EPA1
Optional: ETU30,EPA5

	SINR for three cells, [dB]
	(Reference cell, neighbour cell 1, neighbour cell 2) = (-6,-13,-13)
(Reference cell, neighbour cell 1, neighbour cell 2) = (-15,-15,-15)


	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	1

	NPDSCH transmission
	No NPDSCH transmission in PRS transmission occasions

	Number of consecutive positioning subframes
	6
Other options are not precluded

	Number of positioning occasions for a positioning fix
	1
Other options are not precluded

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	LTE PRS and CRS transmission bandwidth
	10MHz (In-band)

	Frequency error modelling
	+/- 50Hz
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