3GPP TSG-RAN WG4 Meeting #73	R4-147370
San Francisco, CA, US, 17 – 21 Nov, 2014
Agenda Item:	9.4.4
Source: 	Alcatel-Lucent
Title: 	Positioning enhancements for HetNet scenarios
Document for:	Discussion
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Positioning enhancements for HetNet scenarios were discussed in previous meetings. A summary of these proposed solutions can be found in [1]. In the following, we present our view on how to deal with the issues of RRHs with the same PCI.
Discussion
Proposed Solutions
One of the key issues on OTDOA positioning enhancements for HetNet scenarios is how to deal with the RRHs with the same PCI, in particular distributed antenna system (DAS) which the signals to each antenna are broadcasted and could not be distinguished. A number of solutions were proposed to distinguish the measured PRS signals from different RRHs, which are summarized in [1], and copied in the following: 
· Candidate solutions:
- 	Different time-domain configurations associated with different RRHs using the same PCI
- 	Generating different signal sequences from different RRHs
· Solution 1: Non-overlapping time-separated positioning occasions
-	Different RRHs transmit PRS in RRH-specific positioning occasions
-	Same PRS periodicity may be assumed for RRHs in the same cell
-	Some RRHs within the same cell may have the same PRS offset
-	Positioning occasions of a cell may be a union of the cell’s RRHs’ positioning occasions. Positioning occasions of different intra-frequency cells may be aligned, as in Rel-9 
· Solution 2: Different RRHs transmit the same PRS in different subframes of the same positioning occasion
-	Subframe level separating can be understood that 	different RRHs transmit PRS in different subframe 	within each positioning measurement occasion 	period. 
-	In this possible solution, the RRH index is combined with a specific prs-SubframeOffset-r13 to indicate a specific RRH.
· Solution 3: Different PRS sequences for different RRHs in the same cell
-	Option A: PRS sequence may be based on a ‘fake’ cell ID which is associated with an RRH; different such cell IDs may be associated with different RRHs in the same cell
-	Option B: PRS sequence may be scrambled with RRH ID
· Solution 4: New RRH-specific RS
- 	New RRH specific RS may be introduced, e.g. CSI-RS 
-	CSI-RS could be configured for positioning purpose
Discussion of Proposed Solutions
The proposed solutions presented in previous section for the problem of RRH PRS signals with the same PCI, can be classified into categories: 
a) Time-domain based: different RRHs send the same PRS signals in different scheduled times; and 
b) Signal-domain based: different RRHs sending different PRS or other reference signals. 
Analysis of the proposed time-domain based solutions
Props: 
These proposed time-domain based approaches do not change the physical layer specifications. 
Cons: 
Complexity analysis. It would need to the changes in higher-layer signalling in order to make both UE and the RRHs in synch about the PRS transmission and reception for each RRH. This will in turn introduce additional complexity in PRS signal configuration, transmission, and receiving in both network side.  This solution can not solve the DAS issue since the signals to each RRH are broadcasted.   


Efficiency analysis.  The proposed time-domain based approaches require each RRH to occupy one of more specific PRS subframes for the transmission of the PRS. For a cell with multiple RRHs, this may significantly impact the efficiency in spectrum usage. Moreover, the PRS overhead will further increase if muting is configured among cells.  For example, if we assume the PRS periodicity of 160ms, and each cell has 6 RRHs. The usage of PRS subframes will increase from  downlink subframes in every 160ms to 6* downlink subframes, which is a very significant change for the number of PRS subframes.
In addition, the structure of the PRS subframe as defined in TS 36.211 allows up to 6 cells to shared one PRS subframe efficiently without PRS collisions by evenly distributing the PRS symbols in different REs with the space interval of 6REs. This efficiency will be lost for the proposed approaches. The PRS distribution of the REs of the RRHs will be in the same RE distributions, since the distribution is determined with the same cell ID (Figure 1).  
Moreover, the measurement and estimation of RTOA in different subframes would create additional error in triangulation due to the variation of propagation delay and interference in time.   


Figure 1: Mapping of positioning reference signals (copied from Figure 6.10.4.2-1 in [2]) 
Observation 1: Proposed time-domain solutions in summarized [1] do not need to make changes in physical layer design. However, it may have significant impact on the efficiency in spectrum usage. It will also need to high-layer signalling support, which will also add additional burden in PRS configuration and implementation. The proposed solution could not solve DAS issue .  
Note: Some suggestions under time-domain based approaches, e.g., same PRS periodicity may be assumed for RRHs in the same cell, some RRHs within the same cell may have the same PRS offset, etc., are implementation dependent issues, and no need to be covered in the standard.
Analysis of the proposed signal-domain based solutions
The proposed signal-domain based approaches require the changes of the physical layer specifications in order to generate different PRS or other reference signals from difference RRHs. It may also need additional changes in higher-layer to support the physical layer changes. Thus, it will also introduce additional complexity in PRS signal generation, configuration, transmission, and reception in both network and UE sides. Thus, more efforts for implementing the proposed signal-domain approaches than the time-domain based approaches.
Signal-domain based solutions will impact the basic LTE physical layer design for generating PRS specific signals, and any changes in physical layer signals may not be isolated and have potential impact on other physical layer signals. The analysis of the impact has obviously exceeded the RAN4’s responsibility and expertise. Recently, a new SI was  approved specific for indoor positioning. The SI has included possible changes and enhancement in physical layer specification for positioning. In addition, RAN4 SI for positioning enhancements for E-UTRA is scheduled to be close soon. Thus, our suggestion is to let RAN1 to have further study on the potential enhancements on PRS signal design. 
Observation 2: The proposed signal-domain solutions require the changes in both physical-layer design and also higher-layer signalling support. Much more efforts are expected than time-domain solutions in terms of introducing additional complexity in PRS signal generation, configuration, transmission, and receiving. Changing physical layer PRS signals has obviously exceeded the RAN4’s responsibility and expertise. The proposed solution could not solve DAS issue.  
Summary 
In this paper, we discussed the proposed solutions to the problem of different RRHs with the same PCI, as summarized in [1]. We have the following observations and proposals:
Observation 1: Proposed time-domain solutions in summarized [1] do not need to make changes in physical layer design. However, it may have significant impact on the efficiency in spectrum usage. It will also need to high-layer signalling support, which will also add additional burden in PRS configuration and implementation. The proposed solution could not solve DAS issue.
Observation 2: The proposed signal-domain solutions require the changes in both physical-layer design and also higher-layer signalling support. Much more efforts are expected than time-domain solutions in terms of introducing additional complexity in PRS signal generation, configuration, transmission, and receiving. Changing physical layer PRS signals has obviously exceeded the RAN4’s responsibility and expertise. The proposed solution could not solve DAS issue.
Proposal 1: When evaluating solutions to the OTDOA PRS problem of different RRHs with the same PCI, it should be evaluated, in addition to its performance, with its implementation complexity and spectrum usage efficiency in comparison with the implementation of different RRHs with the different PCI. A solution may not have too much practical value, if it introduces significant impact on spectrum efficiency.  The most critical part is that the solution should be feasible for DAS too.  
Proposal 2: Changing physical layer PRS signals has obviously exceeded the RAN4’s responsibility and expertise. Suggesting letting RAN1 to continue the discussion of Signal-domain based solutions under the new SI for indoor positioning.
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