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1 Introduction

Positioning using downlink reference signals is agreed in previous RAN1 meetings. While most of contributions discuss the positioning reference signal (PRS) pattern design, this contribution focuses on two other aspects:

1) Forward compatibility to allow intra-cell CoMP transmitters sending PRS;

2) Multi-site cooperation with the low-interference subframe.

2 Forward compatibility with CoMP transmission

Even though mobile positioning is a feature of Rel-9 in which CoMP is not available, to configure intra-cell CoMP transmitters to send PRS signal in Rel-10 has following advantages:

1) Because the differences on pathloss between measuring UE and intra-cell CoMP transmitters sending PRS can be much smaller than what we handle in Rel-9, the near-far effect that causes hearability problem and/or AGC/ADC issue [2] could be significantly reduced. This might save some resources that are “blanked” in Rel-9 to create low interference subframe.

2) CoMP transmissions are synchronized by nature. So it gives chance to synchronous PRS pattern that allows better PRS design and performance by reducing the PRS collision due to asynchronous delay.

3) More intra-cell PRS transmitters would result in more spots having LOS propagation which is critical to OTDOA-based positioning algorithm.

4) If UE only measures PRS from intra-cell transmitters, the burden on inter-site cooperation to implement a distributed scheduler that control the positioning subframe across multiple site could be relieved. 

5) PRS transmission is usually semi-statically configured. So there is almost no signaling overhead for PRS configuration on the link between eNB and intra-cell transmitters. 

6) With multiple intra-cell PRS transmitters, the location of LMU, if still needed, could be chosen in a more flexible way.

Given these benefits of PRS transmission with intra-cell CoMP in Rel-10, it deserves our attention on the forward compatibility that what we design for mobile positioning in Rel-9 does not prevent UE from receiving PRS from multiple intra-cell CoMP transmitters in Rel-10, and on the possibility that the technical difficulty and limitation on mobile positioning maybe no longer as critical in Rel-10 as in Rel-9. There could be two related issues:

a) The mapping between PCI and PRS-ID;

b) The property of low-interference subframe.

Mapping between PCI and PRS-ID
Even though it does not have to use the mapping between PCI and PRS ID to configure positioning scenario that UE may face to, it is natural to make the PRS ID a function of PCI [3]

 REF _Ref228427792 \r \h 
[4] so that the UE only needs to derive PRS from PCI in the neighboring cell list to keep low signaling overhead. Besides, it is also proposed in [5] to make the PRS ID a function of time, in unit of SFN, along with the PCI. 

Because it is very likely that the intra-cell CoMP transmitter uses the same PCI as its eNB, it will be the case in Rel-10 for these transmitters to send the traffic under the same PCI but the PRS under different PRS-ID. Therefore, if PRS ID should be derived from PCI in Rel-9, it could be a function based on an extra parameter besides the PCI (and SFN), i.e., 
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 is configurable by higher layer for Rel-9 UE and behaves like a CoMP transmitter index. In Rel-9 system, 
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 corresponds to the CoMP transmission from eNB itself.  It should be pointed out that, the mapping of 
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 does not need to be a one-to-one mapping. In fact, most of current PRS design candidates cannot result in a PRS ID space size that is comparable to PCI space size. Given this condition, the mapping of 
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, which is also a more-to-one mapping, does not impose any key property change on the mapping given by 
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The property of low-interference subframe
The low-interference subframe in Rel-9 is obtained by first sending zero power on all data RE’s in non-PDCCH region. However, it is still undecided in RAN1 whether CRS in non-PDCCH region should also be removed, i.e, using MBSFN subframe as low-interference subframe is a must. 

By moving all positioning functions and equipments into a single cell, it is possible that the low-interference requirement on the serving cell positioning subframe can be loosen. 

With this future possibility, the low-interference subframe is discussed in more details in next section.

3 Multi-site cooperation with low interference subframe
Basically there can be two schemes, which we name equal-opportunity scheme [3] and round-robin scheme [1], for multi-site cooperation in providing the low interference subframe for UE to perform timing measurement. 

Equal-opportunity cooperation
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Figure 1 Equal-opportunity cooperation
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Figure 2 Round-robin cooperation
In equal-opportunity cooperation shown in Figure 1, a UE measures PRS from a cluster of L eNB sites, including its serving eNB. All these L sites transmit low interference subframes synchronously at the subframe level and in the same cycle of N subframes, where N is determined by the requirements on positioning accuracy and response delay. These low interference subframes carry the site-specific PRS. What is important is that these low interference subframes are equally loaded with PRS (and CRS) to provide equal-opportunity measurement that can be made by UE locating at anywhere within the coverage of these L sites. As far as low interference subframe with PRS is concerned, there is no site providing specific PRS subframe structure that is in favor of UE in specific cell. 

In round-robin cooperation shown in Figure 2, each site takes turns to transmit low-interference PRS-free subframe. When site-i transmits PRS-free subframe, the other (L-1) sites transmit PRS-bearing subframe and only the UE served by site-i can make the timing measurement on PRS during site-i’s PRS-free subframe.
Compared to round-robin scheme, the equal-opportunity scheme results in less number of low interference subframes stolen from normal traffic subframes per measurement cycle and therefore less PDSCH resource loss, however, it may suffer from the AGC/ADC issue as described in [2], because given equal PRS transmission power, the pathloss difference alone could suppress the PRS from remote site to the ADC resolution level. Therefore we need to be cautious on equal-opportunity scheme in Rel-9 unless the AGC/ADC problem is proved to no longer exist. On the other hand, as mentioned in previous section, this AGC/ADC problem, which also belongs to “hearability” issue, might vanish in Rel-10 in case of using intra-cell CoMP transmitters to send PRS.

Therefore it looks more reasonable to us that both equal-opportunity and round-robin schemes should be kept possible in Rel-9, and the choice in practice is a matter of network implementation. From UE point of view, UE is just directed by system to make a set of timing measurements during a scheduled period for a list of PRS-ID. 

4 Conclusion

Based on the discussion in this contribution, we would like to make following proposals.

1) It would be beneficial to consider forward-compatibility with CoMP in LTE-A by allowing CoMP transmitters sending PRS. This includes but maybe not limited to the consideration that, if the PRS-ID should be derived from PCI, extra parameter should be introduced to make intra-cell CoMP transmitters to send user traffic for the same PCI but the PRS for different PRS-ID’s.

2) Keep both equal-opportunity and round-robin schemes as allowed solutions in Rel-9, but the choice in practice is an implementation matter. 
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