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1 Introduction
During RAN1-56bis meeting, a way forward on UE positioning has concluded that the use of subframes with low interference level would be necessary to allow the UE to determine TDOA based on signals from neighbouring cell sites. 
Based on simulation and analysis in several contributions [6]

 REF _Ref226980566 \r \h 
[7]

 REF _Ref226980567 \r \h 
[8]

 REF _Ref226980569 \r \h 
[9]

 REF _Ref226980570 \r \h 
[10], it has also become likely that new positioning assisted reference signals for UE positioning would be necessary.
This contribution discusses the open issues in UE positioning, e.g., positioning subframes, positioning assisted reference signal and sequence design. 

2 Positioning subframes

Some of the open issues on UE positioning are regarding the positioning subframes:

· MBSFN subframe or normal PDSCH subframe without data
· Bandwidth required for positioning subframes
· Alignment of positioning subframes between neighbour cells

2.1 Bandwidth for Positioning RS

As shown in the simulation results reported in [11], the positioning accuracy does not improve linearly with the bandwidth of the positioning RS. It is shown that the positioning accuracy using positioning subframes and RS that spans across 25 RBs has no significantly difference with that based on 50 RBs in a 10 MHz system. In addition, the simulation results show that positioning subframe and RS that span across 15 RB is sufficient to meet the FCC requirements on positioning accuracy. Therefore, configurable positioning reference signal bandwidth needs to be supported to reduce overhead.
2.2 Types of Subframes for Positioning 
Depending on the deployment scenarios, use of MBSFN subframes or normal PDSCH subframes without data can have its pros and cons. 
· In a deployment scenario with relays, some of the RBs in the MBSFN subframe can be used for positioning purpose, i.e., positioning zone, while some other RBs may be used to support for Relay operation, i.e., Relaying zone, and others can be used for MBSFN data transmission. Higher layer signalling can be used to configure the division between the positioning, relaying and MBSFN data transmission zones.
· On the other hand, in a deployment scenario without relays, then it may be a bit wasteful to use the entire bandwidth in the MBSFN for positioning, when there is also no MBSFN data transmission.
2.3 Alignment of Positioning Subframes
In the case of asynchronous network, the use of MBSFN subframe may not be very efficient as they are not aligned between neighbour cells, unless two consecutive MBSFN subframes can be configured. However, the overhead will also be increased. The configuration of normal PDSCH subframes for positioning purpose would be more efficient in this scenario. Two consecutive PDSCH subframes without data can be configured or jointly scheduled conveniently. 
For compatible accuracy with the synchronous system, two consecutive positioning subframes can be scheduled. The relative timing offset between a neighbour cell and the serving cell may be obtained through X2 signaling or over the air signalling by the serving eNB. This can be in units of subframes or OFDM symbols, such that the neighbour cells may ensure that the positioning subframes are scheduled for the best alignment. For example, a neighbour cell may report its SFN, subframe and OFDM number in association with a time stamp based on the neighbour cell local clock, in response to a request (poll) from the serving cell that was sent with a time stamp based on the serving cell local clock, together with the serving cell SFN, subframe and OFDM number. There may be two time stamps in the neighbour cell response, indicating the time when the request was received and the time when the response was sent.
Thus, both types of positioning subframes should be supported for the optimal performance in different deployment scenarios.

3 Positioning assisted reference signals

Two categories of signals for assisting TDOA estimation: TDOA-RS and TDOA-sync has been proposed in [1]. 
An improved modification for TDOA-RS is described below, with further details on TDOA-sync, which is a contiguous positioning RS.  

3.1 Positioning assisted RS - Staggered

Modifications to the design in [1] is mainly motivated by the simulation results that show a frequency reuse of 3 is not sufficient to achieve sufficient neighbour cell hearability and thus positioning accuracy requirement. Thus, the modified design allows a frequency reuse pattern of 6 in the new positioning assisted RS (PA-RS or TDOA-RS). 

Similar to cell-specific RS (CRS), there is cell-specific frequency shift in the RS pattern: 
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, as described in Section 6.10.1 of TS 36.211 v8.6.0.
The sequences used for positioning RS can be similar to that used for the CRS, wherein the initialization of the TDOA-RS sequence is based on a function of the physical cell IDs, similar to that described in TS 36.211:
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where is the number of RE for TDOA-RS per subframe, and 
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RB

N

is the number of RBs used for positioning in each subframe.

With the assistance data on the candidate cell list received from eNB, the UE may identify the cell ID based on the TDOA-RS sequence and the subcarrier location of the TDOA-RS. 
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Figure 1

For deployments with more than 2-Tx antennas, but positioning RS is transmitted from one antenna port only with frequency reuse pattern 6 (Option 1).

[image: image6.emf]TDOA-RS for one of the antennas used to 

transmit positioning RS

Cell-specific RS for the first Tx antenna

Cell-specific RS for the second Tx antenna

TDOA-RS with reuse 6 pattern, for deployments with 1 or 2-Tx antennas, 

but only 1 antenna port is used for the transmission of positioning RS

Symbol 

l 

=0

l 

= 

2 N

DL

symb

-1

S

u

b

c

a

r

r

i

e

r

 

i

n

d

e

x

 

k


Figure 2

For deployments with 1 or 2-Tx antennas, but positioning RS is transmitted from one antenna port only with frequency reuse pattern 6 (Option 1a).
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Figure 3

For deployments with more than 2-Tx antennas; positioning RS is transmitted from 1 or 2 antenna ports with frequency reuse pattern 6 (Option 2).
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Figure 4

For deployments with 1 or 2-Tx antennas; positioning RS is transmitted from 1 or 2 antenna ports with frequency reuse pattern 6 (Option 3).
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Figure 5

For deployments with more than 2-Tx antennas; positioning RS is transmitted from 1 or 2 antenna ports with frequency reuse pattern 6 (Option 4).

Positioning RS for MBSFN subframe

When MBSFN subframes are used to transmit positioning RS, the cell-specific RS is only transmitted in OFDM symbol 0 of the subframe when one or two transmit antenna ports are configured. Thus, positioning RS can be transmitted in all other OFDM symbols in the subframe. However, OFDM symbol 1 of the subframe cannot be used for positioning RS when more than two transmit antenna ports are configured for some neighbour cells in the deployed network. 
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Figure 6

For MBSFN subframe in deployments with 1 or 2-Tx antennas; positioning RS is transmitted from one antenna ports with frequency reuse pattern 6.
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Figure 7

For MBSFN subframe in deployments with 1 or 2-Tx antennas; positioning RS is transmitted from 1 or 2 antenna ports with frequency reuse pattern 6.
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Figure 8

For MBSFN subframe in deployments with more than 2-Tx antennas; positioning RS is transmitted from 1 or 2 antenna ports with frequency reuse pattern 6.

3.2 Positioning RS - Contiguous

This type of positioning RS is contiguous in frequency (subcarriers) over a number of resource blocks. In the example as shown in Figure 9 below, each OFDM symbol that has no cell-specific RS, spanning over the 6 contiguous RBs, is allocated to a neighbour cell for the transmission of a cell-specific sequence. These are transmitted on OFDM symbols not used for the synchronization signals and not for the broadcast channel. Besides, data traffic cannot be scheduled on those RBs carrying the positioning RS. 
If these RS are transmitted in the same RBs and subframe (#5) as the synchronization signals, then there can be at most Nrs = 6 OFDM symbols for up to 6 different neighbour cells in deployment networks with more than 2 transmit antennas, and Nrs = 8 OFDM symbols for up to 8 different neighbour cells in deployment networks with one or two transmit antennas only. Each neighbour cell can be assigned more than one OFDM symbol for transmitting the positioning sequence. Other subframes and resource blocks that do not carry the synchronization signals (PSS/SSS) may also be used for transmitting the positioning sequence. A larger number of RBs or a longer sequence length Nseq , can also be supported, e.g., 15 RBs as in the 3 MHz bandwidth system with 3.84 MHz sampling rate. 
As described in [1], these sequences are orthogonal or have low cross-correlation properties with the primary (PSS) and secondary (SSS) synchronization signals, and between different neighbour cells.
One type of sequence that can be used is the CAZAC sequences or Zadoff-Chu sequences that are already used for various RS in the standard. One example is to use different cyclic shifts  of the length-62 primary synchronization signal d(n) as defined in Release-8, i.e., :
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The values of cyclic shifts  can be chosen such that they are spaced as far apart as possible for the different neighbour cells that are transmitting on the same OFDM symbol. Besides, the amount of shifts should be a function of the cell ID. Similarly, the OFDM symbol assigned to a neighbour cell should also be a function of the cell ID. 
For example, 
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For example, for Nseq = 62, and 6 desirable distinct cyclic shift values, then 
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OFDM symbol assigned to neighbour cell with cell ID can be computed as follows, as an example:
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OFDM symbols not containing CRS, PSS/SSS/PBCH, arranged in ascending order of OFDM symbol index l, starting from 
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A modification to the formula can be made to allow the assignment of more than one OFDM symbol to a neighbour cell, e.g., the positioning RS can be transmitted over contiguous OFDM symbols to allow the energy accumulation for improved estimation accuracy.
For a longer sequence, the ZC sequence of length, for example, 127 can be used: 
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The root of these sequences u can be selected different from the ones used for the shorter sequence or primary sync signal.
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Figure 9
 Positioning RS – Contiguous, when located in the same subframe as synchronization signals; same length as sync signals (left); longer length of RS sequence may occupy about 15 RBs in the center of the band (right); for deployment networks with more than 2 antennas, OFDM symbol index 1 in each slot should be reserved and not used for the positioning RS transmission
4 Positioning for asynchronous networks

For asynchronous deployment, contiguous positioning RS as shown in Figure 9, and/or the modified, staggered positioning RS pattern with frequency reuse 6, as shown in Figure 10, can be used. The proposed structure avoids interference between neighbor cell TDOA-RS. Hopping of positioning subframe can be introduced to avoid collisions in the case of subcarrier misalignment. The hopping pattern would be different for each cell site to reduce intercell interference. 
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For Asynchronous network deployments with 1 or 2 transmit antennas 

(Option 1):


Figure 10
For asynchronous network deployments, positioning RS design maintains frequency reuse 6 despite misalignment of OFDM symbols between neighbour cells (Option 1).
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Figure 11
For asynchronous network deployments, positioning RS design maintains frequency reuse 6 despite misalignment of OFDM symbols between neighbour cells (Option 2).

5 Selection of neighbor cells for positioning

As discussed in [11], the selection of neighbor cells to be included in the positioning calculation affects its accuracy. In other words, if a noisy TDOA estimate is included with more accurate estimates corresponding to four other neighbor cells in the positioning calculation, the accuracy of the result may be worse than if it is not included. 

Thus, it is necessary to select appropriate neighbor cells for inclusion in the positioning calculation or triangulation. One simple method is to allow the UE or eNB to configure a threshold value for the signal quality from a neighbor cell, such that the neighbor cell TDOA measurement is discarded when the corresponding signal quality is below the threshold, given that there exists a minimum of 2 or 3 other neighbor cell measurements that exceed the threshold.

6 Conclusion
A few open issues, e.g., positioning subframe, PA-RS pattern and sequence design, on UE positioning have been addressed. PA- RS with staggered pattern and contiguous pattern has been proposed with a frequency reuse of 6 as the objective for the staggered pattern. With the use of different OFDM symbols for contiguous positioning RS transmission with different cyclic shifts from different neighbour cells, a frequency reuse pattern larger than 6 can be achieved. Contiguous positioning RS would be most appropriate for asynchronous networks.
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