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1. Introduction
Positioning Support using downlink reference signals is agreed in previous RAN1 meetings. While most of contributions discuss the positioning reference signal (PRS) pattern design for eNBs, this contribution focuses on one other aspect; PRS Allocation in Distributed Network Element environment. We believe that the aspect of distributed network elements should be taken into account in PRS pattern design and PRS sub-frame allocations. 
2. Positioning Measurements from DNE environments
In future LTE access network, a lot of distributed network elements (DNE) such as repeater, RN, RRH and femto cell are expected to be deployed in order to improve the coverage and overall throughput. In such environments it is beneficial to obtain more accurate location estimation via measurements from close DNE. In order to support measurements from DNEs some aspects of DNE should be modified. There are two categories of DNE, active DNE which is capable of controlling its own transmission and passive DNE in which the transmission is entirely under control of eNB.
In general passive DNEs transmit a replica of common channels and signals. Optical and RF repeaters, RRHs operated in repeater mode and some RNs belong to this family. In such environment the following potential problems can be encountered.
A. It is probable that UE receives the PRS signal combined from more than a single source. Then, The OTDOA measurement at UE doesn’t reflect correct OTDOA measurement from the correct source, presumably eNB.  

B. Even though all DNEs are disjoint, UE can receive the same PRS from different DNEs. Consequently, eNB can not identify the source of measurement. 
In order to prevent the above problems anchor eNB should be able to configure each passive DNE to transmit different PRS. As of now such functionality is not implemented in DNE. The implementation of such functionality depends on the overall architecture of DEN systems, especially interface between eNB and DNEs. It can be implemented either in eNB itself or inside control unit which interfaces passive DNEs and eNB and the transmission of PRS is controlled by eNB. 
In RF repeater, however, such functionality is not implementable. The active DNEs such as Type I & II RN are controlled by anchor eNB in general but they can transmit its own PRS just like normal eNB. Even though each DNE transmits its own PRS, the interference from eNB would contaminate the measurements from DNE when overlapping PRS patterns are used. The interference is severer than between eNBs since DNEs usually are placed inside the coverage of eNB.

Femto cell, however, is another concern in distributed networks. When a lot of femto cells transmit their own PRS some difficulties are expected. How to allocate orthogonal PRS to avoid interference and how to manage measurement set to alleviate burden on UE should be of the prime concerns among others.
3. Characteristics of PRS for DNEs
There are some aspects that impact the PRS allocation in distributed network environments. 

A.  How strong is the interference from eNB to each DNEs? 

B.  How many DNEs are expected within eNB coverage? 

C.  How disjoint the coverage of DNEs within eNB and DNEs between eNBs?

D.  Is it possible for DNE to be added or deleted after initial deployment?
E.  Can PCID based allocation of PRS still be employed for DNEs?
Some observation can be drawn from the above 

1. PRS of each DNE should be orthogonal (REs are non-overlapped between PRSs) to that of anchor eNB and orthogonal PRSs are preferred between DNEs and neighbor eNBs to avoid interference.
2. Assuming the number of orthogonal patterns is small compared to the number of DNEs, PRSs need to be configurable either in time or in frequency multiplexed fashion to obtain more orthogonal PRSs. 

3. Overlapping PRS can be allocated between disjoint DNEs within eNB since there is no interference between them. Then, the mixed allocation (orthogonal or non-orthogonal) of PRS can be employed depending on the level of disjontness between DNEs. 

4. PRSs of DNEs from different eNBs can be overlapped since a lot of DNEs have non-overlapped or minimally overlapped coverage between them. Then, the same set of PRS patterns can be used for DNEs of different eNBs so that allocation of PRS in each eNB can be independent across networks
5. It is better for eNB to have control over the PRS allocation of DNEs. It makes managing over addition and deletion much simpler than LBS managing over entire networks.
6. Since most of DNEs don’t have their own PCI, PCI based allocation of PRS should be modified to accommodate DNEs which have no PCI. Or different mechanism should be supported or each DNE has its own ID for PRS.

4. PRS Sub-frames for DNE 
OTDOA positioning support for LTE has been discussed. It is agreed that PRS, using either MBSFN or normal frame, needs to be provided for better support of positioning. The various kinds of PRS patterns are also discussed. One of the most important aspects in PRS pattern is the reuse factor and the number of minimally overlapped patterns. In WF [2] it is agreed that frequency reuse or time reuse is to be configured so that more than 6 reuse be supported. It is also agreed that PRS pattern is generated from a function based on PCI.

In another WF [1] some aspects for position support were agreed including: 
· Ability to provide assistance data to the UE containing at least

· PCIs of candidate cells

· Relative transmission timing of PCI candidates to serving cell
And, and e-mail discussion [3], it seems that most companies prefer a large BW, configurable up to the system bandwidth. 
There are some concerns for PRS in DNE in order to meet the above agreements. Firstly, It is problematic for any passive DNE to generate PRS from a function based on PCI since passive DNE doesn’t have PCI. If each DNE is provided with a unique ID, then ID based PRS allocation can be implemented in the same way as PCI based allocation for eNB. Secondly, from the observations made in section 3, it is highly probable that more orthogonal PRSs are needed to support DNEs. There are a couple of ways to configure PRS sub-frame, either in time reuse or frequency reuse. In time reuse scheme separate sub-frames will be allocated in time multiplexed fashion between PRSs for eNBs (anchor and neighbour) and PRSs for DNEs. For example, PRS for eNBs are allocated over a specified sub-frame (s) and one or more different sub-frames are reserved for the allocation of PRS of DNEs. 
However, additional overhead should be carefully examined because transmission from eNBs is to be blanked during PRS sub-frames for accurate measurements. In frequency reuse scheme, however, that overhead can be minimized since several PRS can be configured in a single sub-frame. But the performance degradation should be closely investigated. In either case there will be two virtual positioning measurements sets (PMS), one corresponding to eNBs and another to DNEs. UE will measure PRS within both PMS and report measurements as directed.
Thirdly, it is better to have a mechanism that measures the transmission timing in every DNE. Lastly, it is better for eNB or network to have information regarding how disjoint or overlapped their PRS coverages are. 
5. Allocation of PRS for Addition and deletion of DNEs 

The allocation of PRS to each network entity is carried out by MME (or LBS) in general. Allocation of PRSs across entire networks can be done at the time of initial deployments. And PRS of most of DNEs are allocated at the same time but some of them are added or deleted later either temporarily or permanently. In such circumstances it is debatable which network entity should have control over PRS management. And it may be better for eNB to manage PRS allocation to each DNE within its coverage since anchor eNB has better access to the information of each DNE. A couple of ways can be thought of regarding which network entitiy manages PRS allocations for DNEs. 
A. Centralized Control : Entire PARS allocations are controlled by network 

In this scheme PRS is allocated in the same way for entire eNBs and distributed elements. Network has full control of allocating PRS patterns across the entire networks. Likely scenario is that network will allocate PARS across entire network every time addition or deletion of DNEs occurs. The main advantage of this scheme is that positioning measurement can be handled homogeneously. However, addition or deletion of network element is not very simple since network should come up with new PRS allocation or need to modify entire allocation.
B. Distributed Control : Each eNB has control over DNEs within its coverage. 

It is possible for each eNB to have control over DNEs within its coverage. The advantage of this control scheme is that signaling and traffic load of LBS can be minimized when addition or deletion of DNEs has occurred. eNB has control over allocation of PRS and configuration of PRS sub-frames for DNEs. The chances of collision between PARS patterns of nearby distributed elements or eNB is not high. The main advantage of this scheme is that PARS allocation can be independently controlled by anchor eNB so that DNEs are added and deleted without much complexity.

6. Conclusion

In this contribution some aspects of PRS for DNEs are discussed. It is particularly problematic when there are several passive DNEs since they can not transmit their own PRSs. In order to prevent the problems anchor eNB should be able to configure each passive DNE to transmit different PRS. It is also difficult to employ PCI based generation (allocation) of PRSs when passive DNEs don’t have their own PCI. It is recommended that similar IDs be provided to DNEs so that the similar PRS generation scheme can be employed to DNEs. Another potential problem is that there are not enough orthogonal PRSs to allocate neighbor eNBs and DNEs to avoid interferences between eNBs and between eNBs and DNEs. It is advised to have PRSs of DNEs allocated over different sub-frmaes from anchor eNB. In this time reuse scheme PRS for eNBs are allocated in a specific sub-frame (s) and PRS for DNEs are allocate in separate sub-frame (s). 

We recommend that the above aspects of DNEs should be taken into consideration for PRS.           
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