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1 Introduction

In Rel-9 positioning reference signals (PRS) are introduced for positioning using OTDOA mechanism [1][3]. In Rel-10, channel-state information reference signals (CSI-RS) are introduced for channel measurement [2]. These two kinds of signals are cell-specific and may collide in some subframes. 
In this contribution, this collision issue is analyzed. In section 2, PRS and CSI-RS transmission mechanism are compared. In section 3, the subframe collision between PRS and CSI-RS is evaluated. Furthermore, resource elements overlapping cases are summarized when the subframe collision between PRS and CSI-RS occurs. The impacts to eNB and UE are also analyzed.
2 Background
The following table gives comparison between PRS in Rel-9 and CSI-RS in Rel-10 configurations. It is noted that PRS transmission are configured by E-SMLC [3] and CSI-RS transmission are configured by eNB.
Table 1. Comparison between PRS in Rel-9 and CSI-RS in Rel-10
	
	PRS in Rel-9
	CSI-RS in Rel-10

	Cell-specific or UE-specific
	cell-specific
	cell-specific

	Number of antenna ports
	1
	configured by higher layers

	Periodicity and subframe offset
	configured by higher layers
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	configured by higher layers 
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	Bandwidth
	configured by higher layers
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	configured by higher layers

	Subframe accumulation
	1,2,4,6 configured by higher layers
	n/a

	Configured by
	E-SMLC in [3]
	eNB

	note1: In RAN4, bandwidth 10MHz and 1.4MHz are defined for test cases for RSTD measurement


3 Discussion
As indicated in table 1, PRS mapping to resource elements is based on physical cell id while CSI-RS mapping to resource elements is configured by higher layers. So resource elements overlapping between PRS and CSI-RS maybe occur when PRS and CSI-RS are transmitted in the same subframe, which are configured by higher layers. In the following, we try to analyze the two aspects of collision possibility between PRS and CSI-RS:
1. Subframe collision: PRS and CSI-RS transmission in the same subframe

2. Resource elements overlapping: resource elements for PRS and CSI-RS transmission overlap in case of PRS and CSI-RS transmission in the same subframe

3.1 Subframe collision
The periodicity of PRS is 160 ms, 320 ms, 640 ms or 1280 ms. In the mean time, the periodicity of CSI-RS is 5 ms, 10 ms, 20 ms, 40 ms, 80 ms. Each periodicity supports subframe offset from 0 to periodicity-1. Hence PRS subframe configuration includes 2400 possibilities from 0 to 2399, which is denoted by 
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, and CSI-RS subframe configuration includes 155 possibilities from 0 to 154 , which is denoted by 
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[1][2]. 
We define Subframe Collision Ratio (SCR) as the following equation:
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One cell case

Firstly, we calculate the subframe collision ratio for one cell case. In this case the subframe collision ratio defined in the above equation is 3.2%, 6.5%, 12.9%, 18.7% for each PRS subframe accumulation configuration (1, 2, 4, 6 PRS subframes in one positioning occasion) respectively shown in figure 1. It is noted that the periodicity of PRS is the multiple times of that of CSI-RS. Therefore, if one subframe collision occurs between PRS and CSI-RS, all of the following subframes for PRS transmission will collide with CSI-RS.
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Figure 1. Subframe collision ratio between PRS and CSI-RS in one cell

For multi-cells case, we analyze the subframe collision ratio assuming no restriction of eNB scheduler in the annex.
Observation 1: subframe collision ratio between PRS and CSI-RS is low in the synchronous case and high in the asynchronous case assuming no restriction of eNB configuration.
3.2  Resource elements overlapping
When PRS and CSI-RS are transmitted in the same subframe, resource elements for PRS and CSI-RS transmission may overlap. The following table summarizes these corresponding overlapping cases between PRS and CSI-RS configurations. In the following example, four PBCH antenna ports and normal CP are assumed for PRS and eight antennas ports and normal CP are assumed for CSI-RS.
Table 2. Overlapping cases between PRS and CSI-RS
	Overlapping case
	Physical cell id for PRS
	Configuration for CSI-RS

	1
	0
	1,2 

	2
	1
	0,1,4

	3
	2
	0,1,3,4

	4
	3
	0,3,4

	5
	4
	2,3

	6
	5
	2


Figure 2 presents an example for overlapping case 3 in table 2. 
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Figure 2.  An example for resource elements overlapping
Observation 2: resource elements for PRS and CSI-RS transmission may overlap in high possibility when PRS and CSI-RS are transmitted in the same subframe.
3.3 Impacts on Implementation and Performance
As analyzed in the section 3.1 and 3.2, from eNB/network implementation point of view, PRS transmission collision with CSI-RS in Rel-10 has the following impact:

· In order to avoid subframe collision between PRS and CSI-RS, eNBs scheduler has to restrict subframe configurations for CSI-RS given a certain PRS configuration from E-SMLC.
From UE measurement point of view, this kind of collision issue will impact on the measurement accuracy of RSTD and channel-state information:
· If one subframe collision occurs between PRS and CSI-RS in one cell, all of the following subframes for PRS transmission will collide with CSI-RS. RSTD measurement accuracy will be impacted:
· Rel-9 UEs that performs positioning measurement will measure all REs in these subframes without the knowledge of CSI-RS configuration. The measurement accuracy of RSTD will be impacted seriously. 

· For Rel-10 UEs that performs positioning measurement may try to measure some of REs that do not overlap with CSI-RS with the knowledge of CSI-RS configuration. This kind of implementations will also introduce performance loss due to lack of measurable PRS REs.

· If Rel-10 UE measures CSI-RS but does not perform positioning, the UE may have no knowledge of PRS configurations which are configured by E-SMLC. Therefore, when subframe collision between PRS and CSI-RS occurs, the measurement accuracy of CSI will be also impacted.
Observation 3: For eNB implementation, eNB has to restrict the scheduler for avoiding collision between PRS and CSI-RS without introducing standardization solution. 

Observation 4: For UE measurement, this kind of collision issue will impact on the measurement accuracy of RSTD and/or CSI.
4 Conclusion
In the contribution PRS transmission collision with CSI-RS in Rel-10 is analyzed, the following observation is obtained
· Subframe collision ratio between PRS and CSI-RS is low in the synchronous case and high in the asynchronous case without the restriction of eNB configuration. 
· Resource elements for PRS and CSI-RS transmission may overlap in high possibility when PRS and CSI-RS are transmitted in the same subframe.

· For eNB implementation, eNB has to restrict the configurations to avoid collision between PRS and CSI-RS without introducing a standardization solution. 
· For UE measurement, this kind of collision issue will impact on the measurement accuracy of RSTD and/or CSI.
Based on the above observations, we propose the following way forward

· To agree on whether a standardization solution for this collision issue is needed. 

· If agreed, one straight forward solution is to clarify which signal should be transmitted when resource elements overlapping between PRS and CSI-RS occurs. It is preferred that PRS is transmitted.
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5 ANNEX
For multi-cells case, the subframe collisions between PRS and CSI-RS are more complicated as the following:
· Subframes for PRS transmission are configured by E-SMLC, subframes for CSI-RS transmission are configured by eNB;
· E-SMLC need to configure subframes for PRS transmission through the whole network which need positioning function, e.g. 57 cells we evaluated in RAN1;
· eNB can configure subframes for CSI-RS transmission individually;
· E-SMLC has to configure subframes for PRS transmission without the knowledge of CSI-RS information. Coordination between E-SMLC and eNB for CSI-RS information is not possible in the current specification;
· eNB can individually configure subframes for CSI-RS transmission with the knowledge of PRS information of this eNB
PRS transmissions for synchronous and asynchronous cases among multiple cells are considered as the following.
Synchronous cells case: The subframe(s) for PRS transmission of all cells are well-aligned in time domain.

For synchronous case in figure 3, subframe 
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is not suggested to be configured for CSI-RS transmission in consideration that subframe 
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 is configured for PRS transmission in all cells. Therefore the subframe collision ratio for multiple cells is the same as the one cell case as indicated in figure 1.
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Figure 3.  PRS subframes configuration in synchronous cells
Asynchronous cells case: The subframe(s) for PRS transmission of different cells may be different in time domain.

For asynchronous case in figure 4, the subframe configured by E-SMLC for PRS transmission are partially aligned and the subframe number is independent (n0~n4 are independent) among these cells. For simplicity, we assume that subframes configured by eNB for CSI-RS transmission are independent among these cells. No restriction of eNB scheduler for avoiding collision between PRS and CSI-RS is assumed. Therefore the subframe collision ratio in the whole network of multiple cells can be denoted as
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Figure 4.  PRS subframes configuration in asynchronous cells (n0~n4 are independent)

Figure 5 illustrates the subframe collision ratio increasing with the number of cells. It is observed that with the increasing of the number of cells the subframe collision between PRS and CSI-RS is undesirable in asynchronous cells case.
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Figure 5.  Subframe collision ratio between PRS and CSI-RS in asynchronous cells case assuming no restriction of eNB scheduler
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