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1
Summary
The purpose of this contribution is to discuss several PRS design principles and propose related working assumptions in support of OTDOA-based DL positioning for LTE in Release 9.

Given the high degree of commonality between LTE FDD and TDD modes in R8, we believe it is essential to maintain commonality and therefore to provide support for OTDOA-based DL positioning also for frame structure type 2 in R9. 

We propose to use PRS in conjunction with the available DL subframes as positioning subframes in the case of frame structure type 2.

In addition, we discuss the question of availability of subframes #0 and #5 and their suitability for use as positioning subframes in the case of frame structure type 1 and 2.

2
Introduction
The work item for LTE positioning support was agreed in the Dec ‘08 RAN Plenary meeting #42 [1] with an objective to define one single DL terrestrial positioning method similar to OTDOA in UTRA. During the Jan ‘09 RAN1#55bis to May ’09 RAN1#57 meetings, OTDOA performance was extensively studied [2]-[11].

Techniques in support of OTDOA that were investigated and simulated included both UE measurements in support of positioning performed on available legacy R8 signals, such as the PSS/SSS and CRS, as well as new techniques to improve upon the hearability of signals from neighbour eNB’s, such as the idle subframes to be provided through MBSFN-reserved or regular data subframes and the new PRS.

The latest agreement on OTDOA from May 09 RAN1#57 in [2] includes new working assumptions with respect to the UE Time Difference measurement and its reporting range, PRS design, placement of PRS into either normal data or into MBSFN-reserved subframes, expected or typical occurrences of idle subframes and associated signalling support, as well as support for time accumulation in consecutive subframes.

Proposals to improve upon positioning performance in R9 for LTE TDD mode [12]-[14] essentially concentrate on Angle-of-Arrival / Enhanced Cell-ID-based methods as part of the scope of the R9 work item [2].

Given the high degree of commonality between LTE FDD and TDD modes in R8, we believe it is essential to maintain commonality and to provide support for OTDOA-based DL positioning also for LTE TDD mode in R9.  Note that this common solution for DL does not preclude techniques, such as Angle-of-Arrival, which are intended only for an UL-based solution.

Similar to IDPL support introduced for UTRA FDD mode and TDD mode(s) in R99 and R4 respectively, we expect that E-UTRAN air interface aspects, e.g. PRS, and the protocol in support of DL OTDOA-based positioning and its configuration can to a great extent be designed in a way that is agnostic to the underlying characteristics of the LTE FDD or TDD duplex modes.

Proposal 1,
· OTDOA-based DL positioning in LTE R9 supports both frame structure type 1 and 2
3. Positioning subframes for LTE TDD mode
In many cases, typical operation of a TDD-based system relies on time synchronization between base stations. Moreover, in many deployments, DL/UL subframe allocations are shared in the form of clusters of neighbouring cells on the same frequency layer.

One of the reasons is to avoid the penalty of severe capacity loss due to the potential of UE blocking and/or near-far effects when a DL subframe is used for reception by some UE’s while other UEs use this same subframe for UL transmissions in a neighbour cell on the same frequency channel (and vice versa).

Therefore, adjustment of DL/UL subframe allocations in cells to cater for the need of changing traffic characteristics in cells is semi-static, e.g. RRC, and usually subject to system capacity trade-off’s.

The same consideration applies with respect to TDD systems which are not time synchronized, i.e. not frame- or subframe-aligned where partial overlap of subframes containing UL transmissions from UEs in some cells can  impact DL reception by UEs in neighbour cells. 

While the possibility of non-time synchronized operation shouldn’t be overlooked, we base our analysis in this contribution on the primary two scenarios of interest, time-synchronized operation (frame and subframe alignment, but not necessarily SFN aligned) with either,

· the same DL/UL frame configuration applied between a pair of neighbour cells, or

· with different DL/UL frame configurations applied.

Case 1: Time-synchronized (frame / subframe aligned) and the same DL/UL subframe allocation is shared between a pair of neighbour eNBs
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One immediate consequence of time-synchronized transmission, e.g. frame / subframe alignment and DL/UL subframe allocation alignment between neighbour cells is that any transmission in a DL subframe by an eNB to aid OTDOA positioning of UEs served by another eNB will necessarily occur during a DL subframe in that other cell as well.

Therefore, the same problems as observed during the OTDOA investigations for LTE FDD mode apply with respect to observability of neighbour cell’s signals, for example, if only the CRS was used for the UE measurements. The same techniques proposed as solutions apply, e.g. PRS and positioning subframes.

In the case that cells are frame / subframe synchronized, but different DL/UL subframe configurations are used, it is in principle possible that any of the following combinations occurs when a first eNB transmits a signal to aid OTDOA positioning of UE’s served by a second neighbour eNB.

Case 2: Time-synchronized (frame / subframe aligned), but DL/UL subframe allocations not shared between a pair of neighbour eNBs
Case (2a): eNB transmits PRS or CRS in a DL subframe UE receives and measures in a DL subframe


[image: image2.emf]UL DL DL UL UL UL DL DL S S

UL DL UL DL DL S

eNB2 

(PRS)

PRS

Idle

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

DL/UL frame config 1

DL/UL frame config 3

DL DL DL UL

eNB1 

(Serving)


Case (2b): eNB transmits PRS or CRS in an UL subframe, UE receives and measures in a DL subframe
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Case (2c): eNB transmits PRS or CRS in a DL subframe, UE receives and measures in an UL subframe
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Case (2d): eNB transmits PRS or CRS in an UL subframe, UE receives and measures in an UL subframe
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Case (2a) simply corresponds to the Case (1) where frames / subframes are synchronized and the same DL/UL subframe allocation is used in both cells. Therefore, all OTDOA performance considerations presented for LTE FDD PRS and idle subframes apply.

For Cases (2b) and (2d) where the eNB transmits either CRS or PRS in one of its UL subframes, the penalty in addition to the one single idle UL subframe is that at least one more corresponding DL subframe (and in most cases more than one DL subframe) must also be idle. This is because the eNB cannot issue an UL grant for any of its UEs in that UL subframe for the purpose of UL data transmission. In addition, the eNB can only either completely pre-empt UL Ack/Nack transmissions on that UL subframe by not scheduling DL data, or it can willingly miss out on the UE’s Ack/Nack transmissions if it chooses to transmit DL data. The first alternative (“no corresponding DL transmission”) results in all associated DL subframes not usable for DL data transmission. The second alternative (“miss out on Ack/Nack’s”) results in a propagation of all HARQ errors corresponding to these DL transmissions on the associated DL subframe(s) to the RLC protocol. Note that because an UL subframe in LTE TDD may be associated with more than just one DL subframe, as a function of the DL/UL subframe configuration in use and which UL subframe in particular is chosen, a significant number of cases will occur where more than 1 DL subframe will be affected by an idle UL subframe.

Therefore, in both Cases (2b) and (2d), the overall penalty incurred in terms of “blocked” subframes in order to transmit either CRS or PRS is necessarily higher than with Case (1), mainly because of the linkage between any employed UL subframe for positioning with at least one correspondingly affected DL subframe(s).

For Cases (2c) and (2d) where a UE is required to tune to an UL subframe for reception of a neighbour signal in support of OTDOA, the primary penalty is that this UL subframe needs to be idled also in the serving cell, in order to allow for measurements un-impeded by UL transmissions from other UE’s in that cell. Note that again any such UL subframe under consideration can therefore not be scheduled to have UE’s transmit UL data. In addition, and very similar to Cases (2b) and (2d), no UE can transmit Ack/Nack on this UL subframe which impacts at least one associated DL subframe where UEs cannot be scheduled DL data anymore to prevent UL Ack/Nack transmission.

Finally, the 3rd possible category of cases where cells are not frame / subframe synchronized can in principle be extended based on above considerations for Cases (2a-d).

The above examples should illustrate that it is preferable to introduce the concept of positioning subframe(s) and PRS in support of OTDOA based positioning for frame structure type 2 based on DL subframes.

Proposal 2
· DL subframe-based positioning subframe allocations are preferred (when normal subframes are used) for frame structure type 2. In addition, MBSFN subframes support allocation as positioning subframes.
4
Positioning subframe allocation in LTE FDD

In FDD, subframes #0 and #5 contain the PSS and SSS. The PSS is transmitted in the last symbol of the first timeslot in each of these subframes, while the SSS is transmitted one symbol prior to the PSS. Both occupy/reserve the centre 72 RE’s (discounting for the DC carrier) of the system bandwidth. Subframe #0 also contains the PBCH mapped onto the first 4 OFDM symbols of the second timeslot across the centre 72 RE’s and immediately follows the PSS. Corresponding RE’s in these subframes are therefore not available for any PDSCH transmission. Subframe #5 carries SIB1 on PDSCH in even frames. Paging occasions can occur in subframes #0, #4, #5 and #9.

For above considerations, R8 RRC signalling in SIB2 allows the allocation of MBSFN-reserved subframes only in subframes #1, #2, #3, #6, #7, #8.

If any subframe can be allocated as positioning subframe and that subframe falls onto either of the subframe #0, #4, #5, #9, in principle there are in principle two different options how to deal with the presence of PSS/SSS, PBCH and PDSCH carrying BCH or PCH. Different considerations apply for the serving cell, i.e. the serving eNB blanking its transmission, and for the PRS transmitting eNB, i.e. the eNB sending PRS in its allocated time/frequency allocation of the PRS region.

The first option is to not send any of these physical signals / channels when the positioning subframe needs to occur on subframes #0, #4, #5 or #9. The incurred penalty with this approach is the impact onto system acquisition and paging reception by UE’s, which can be quantified as a function of expected positioning subframe periodicity, e.g. cycle length, and number of skipped subframes. Note that in particular PBCH decoding on subframe #0 and a SIB1 occurrence spread across the 4 even out of consecutive 8 frames in subframe #5 is critical for UE mobility handling. It is in principle possible to mitigate the impacts of a regularly occurring positioning subframe in such an unfavourable location, e.g. subframes #0, #4, #5 and #9 by implementing a pseudo-random pattern for the occurrence of the positioning subframe over the allocation period similar to the approach taken for OTDOA IPDL in UTRA.

The second option is to design the PRS allocation region and its pattern for those subframes in a way that respects the presence of the PSS/SSS, PBCH and PDSCH carrying BCH or PCH. While this can be done in principle, for example through partial bandwidth allocation on either side of the centre bandwidth in subframes #0 and #5, or eventually by using PRS allocations across non-adjacent RB regions in those subframes, such an approach seems un-desirable in practice. Assuming a minimum of 15 RBs PRS measurement bandwidth as a lower bound on required PRS bandwidth, and given that half of the symbols on the centre 6 RB’s in subframe #0 are occupied by PBCH/PSS/SSS, and that at least a similar amount of RB’s is used in half of all subframes #5 for PDSCH carrying SIB1, a minimum system bandwidth of 25 RB’s is required.

The incurred penalty is that any solution will inevitably represent a design complication for PRS because a special PRS mapping rule applicable to those “unfavourable” subframes (compared to “regular” normal subframes) would need to be implemented.

Moreover, it is extremely desirable that the positioning region in any positioning subframe occurs over the centre bandwidth in order to remain aligned with R8 intra and inter-frequency E-UTRA neighbour measurement principles and reuse of R8 UE measurement circuitry. This inevitably would represent a complication for PRS design for subframes #0 and #5.

We therefore propose to preclude certain normal subframes from being allocated as positioning subframes.

Proposal 3
· Normal subframes #0 and #5 cannot be assigned as positioning subframes. Possibility to allocate subframes #4 and #9 as positioning subframes is FFS.

Proposal 4
· The allocated PRS region, when PRS measurement bandwidth is less than system bandwidth in a positioning subframe, occurs over the centre bandwidth.
5
Positioning subframe allocation in LTE TDD

TDD mode in R8 provides 7 DL/UL frame configurations with the DL and UL subframe allocation fixed for each of these. Subframes #0 and #5 are always DL, while subframe #2 is always UL. They are summarized in Table 1. Admissible MBSFN subframes are shown in red font in Table 1.

In TDD, subframes #1 and #6 contain the PSS on the third symbol. The SSS is sent in subframes #0 and #5 on the last symbol. Paging occasions can occur in subframes #0, #1, #5 and #6. MBSFN-reserved subframes can be allocated in subframes #3, #4, #7, #8, #9. Special subframes have reduced availability for DL transmissions, for example in the case of normal cyclic prefix used in both DL and UL, 8 configurations can be set up in the range of 3 up to 12 symbols for the DwPTS portion.

	Config
	Subframe number
	Total subframes
	MBSFN

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	DL
	Special
	UL
	

	0
	DL
	S
	UL
	UL
	UL
	DL
	S
	UL
	UL
	UL
	2
	2
	6
	0

	1
	DL
	S
	UL
	UL
	DL
	DL
	S
	UL
	UL
	DL
	4
	2
	4
	2

	2
	DL
	S
	UL
	DL
	DL
	DL
	S
	UL
	DL
	DL
	6
	2
	2
	4

	3
	DL
	S
	UL
	UL
	UL
	DL
	DL
	DL
	DL
	DL
	6
	1
	3
	3

	4
	DL
	S
	UL
	UL
	DL
	DL
	DL
	DL
	DL
	DL
	7
	1
	2
	4

	5
	DL
	S
	UL
	DL
	DL
	DL
	DL
	DL
	DL
	DL
	8
	1
	1
	5

	6
	DL
	S
	UL
	UL
	UL
	DL
	S
	UL
	UL
	DL
	3
	2
	5
	1


Table 1: DL/UL configurations

In principle, the same considerations from Section 4 with respect to SSS, PBCH and PDSCH carrying SIB1 also apply in the case of TDD subframes #0 and #5. 
Without giving any special consideration to subframes #0 and #5 and the special subframes, all UL/DL configurations except configuration 0 support at least 1 regular normal DL subframe per frame, e.g. subframe #9.

UL/DL configuration 0 cannot support PRS unless PRS is sent in either subframes #0, #1, #5 or #6, or unless an UL subframe is used for measuring PRS in the serving cell. Yet another alternative is to disallow PRS support for the case of UL/DL configuration 0 altogether to avoid PRS design complications, or worse a special PRS allocation protocol to deal with OTDOA through the use of UL subframe allocations.

We think the option to preclude DL/UL configuration 0 from use with PRS is acceptable and will not be limiting.

In consequence, support for single positioning subframes in a pattern with infrequent recurrence, e.g. a single positioning subframe occurrence once every 16, 32, 64, 128 subframes should not present an issue to introduce OTDOA for frame structure type 2.

However, support of time accumulation, e.g. 1, 2, 4 or 6 consecutive (or closely spaced in time-domain) positioning subframes will require further study in the case of frame structure type 2. Note that at least DL/UL configurations 2, 4 and 5 allow for 4 positioning subframe occurrences over consecutive 6 msec’s periods.

Proposal 5
· For frame structure type 2, PRS is not supported in the case of UL/DL configuration 0

Proposal 6
· Normal subframes #0 and #5 cannot be assigned as positioning subframes. Possibility to allocate Special subframes (or a subset of Special subframes configurations) as positioning subframes is FFS.

Proposal 7
· For frame structure type 2, support of time accumulation to the same extent as for frame structure type 1, e.g. 1, 2, 4 or 6 consecutive subframes is FFS.

5
Conclusions

We have presented several design issues for consideration in the case of applicability of OTDOA-based DL positioning in the case of frame structure type 2. We propose to endorse the following design principles for future work to support PRS and/or positioning subframes,

Proposal
· OTDOA-based DL positioning in LTE R9 supports both frame structure type 1 and 2. For frame structure type 2, PRS is not supported in the case of UL/DL configuration 0
· DL subframe-based positioning subframe allocations are preferred (when normal subframes are used) for frame structure type 2. In addition, MBSFN subframes support allocation as positioning subframes.

· Normal subframes #0 and #5 cannot be assigned as positioning subframes. Possibility to allocate subframes #4 and #9 as positioning subframes is FFS. In the case of frame structure type 2, possibility to allocate special subframes (or a subset of special subframe configurations) as positioning subframes is FFS.

· The allocated PRS region, when PRS measurement bandwidth is less than system bandwidth in a positioning subframe, occurs over the centre bandwidth.

· For frame structure type 2, support of time accumulation to the same extent as for frame structure type 1, e.g. 1, 2, 4 or 6 consecutive subframes is FFS.
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Annex A – RAN1 Working Assumptions [2]
· Time Difference Measurement

· UE time difference measurement defined to be based on RS, i.e. no reference to CRS or PRS, either may be used

· Positioning subframe structure

· Define PRS as in normal subframe, up to network to configure positioning subframes as MBSFN subframes (Rel-8) or normal subframes

· Normal subframes with PRS

· PRS bandwidth

· Configurable up to the system BW, number of configuration (FFS)

· Positioning subframe allocation

· Periodicity of positioning subframes, e.g.16, 32, 64, 128 radio frames 

· Support for time accumulation, e.g. 1, 2, 4 and 6 consecutive positioning subframes (the accumulation should be based on accuracy requirement defined in RAN4)

· Semi-statically configured positioning occasions, alignment support through X2, should be further discussed in RAN3

· PRS pattern

· High frequency/time reuse, at least 6 
· PRS transmitted from 1 antenna port
· At least one PRS RE per OFDM symbol that is not occupied by CRS in a PRB for normal subframes if only frequency reuse is supported. In case of time reuse is supported FFS
· MBSFN subframes have the same PRS pattern as normal subframes
· Same pattern used in all PRBs used for positioning in frequency dimension in one subframe
· Practical receiver dynamic range limitations should be considered
· PRS pattern generated from a function based on PCI 
· PRS pattern time varying between different subframes or not (FFS)
· Measurement definition

· Definition:

· the relative timing difference between cell j and cell i, defined as TSubframeRxj – TSubframeRxi, where: 

· TSubframeRxj is the time when the UE receives the RS of one subframe from cell j 

· TSubframeRxi is the time when the UE receives the corresponding RS of one subframe from cell i that is closest in time to the subframe received from cell j. 

· The reference point for the observed subframe time difference shall be the antenna connector of the UE.

· Applicable for: RRC_CONNECTED intra-frequency

· Reporting range: +/- 1/2 subframe 

· Resolution:FFS
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