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1. Introduction

The collision between CSI-RS (channel-state information reference signal) and PRS (positioning reference signal) was discussed in [1]. These cell-specific downlink reference signals having individual periodicity and subframe offset may collide in some subframes for certain periodicities and subframe offsets, and the ratio of overlapped REs for CSI-RS and PRS transmission could be high in a collided subframe.
Further analysis of this collision issue is discussed in this contribution. The collision cases and impacts to eNB & UE are discussed, and some collision avoiding methods are also discussed for subframe collision cases and REs overlapping cases in the collided subframe.
2. Discussion
(1) subframe collision between CSI-RS and PRS transmission

The PRS subframe is configured by high layer with index IPRS. The IPRS is jointly configured by cell-specific subframe configuration period TPRS (=160, 320, 640, 1280ms) and the cell-specific subframe offset (=0~TPRS -1) for the transmission of PRS. PRS shall be transmitted in NPRS (=1, 2, 4, 6) consecutive downlink subframes. In the similar way, the CSI-RS subframe is configured by high layer with index ICSI-RS. The ICSI-RS is also jointly configured by cell-specific subframe configuration period TCSI-RS (=5, 10, 20, 40, 80ms) and the cell-specific subframe offset (=0~TCSI-RS -1) for the occurrence of CSI-RS. The PRS transmissions are configured by E-SMLC and CSI-RS transmission are configured by eNB [2], [3].
In Rel-9, the positioning is measured using OTDOA mechanism with PRS. The OTDOA mechanism needs at least 3 cells in which PRS can be detected (If more cells with PRS transmission are detected, the measurement accuracy could be improved). Therefore, the subframe collision between CSI-RS and PRS is considered in multi-cells case, e.g. 57 cells (=up to 2nd tier cells) that was evaluated for positioning in RAN1.
Followings are two examples of collision avoidance methods for subframe collision between CSI-RS and PRS transmission. 
Method 1 : For given PRS subframe configuration, the scheduling restriction of CSI-RS subframe configuration
- It is described in Figure 1 (1-1 for synchronous arrival case, 1-2 for asynchronous arrival case)

- The CSI-RS subframe configuration is avoided by each eNB in subframes configured for PRS transmission.

▪ The eNB can configure subframes for CSI-RS transmission with the knowledge of information for PRS subframe configuration.
- It is possible within the current specification, but the scheduling restriction to configure CSI-RS subframe could exist.
▪ allocable number of subframe offsets for given TCSI-RS
: ‘TCSI-RS’ could be reduced to ‘TCSI-RS –NPRS’ for synchronous arrival case, ‘TCSI-RS – (NPRS+2)’ for asynchronous arrival case
※Note that if NPRS is different among cells, the NPRS could be a maximum value of NPRS among the cells, and NPRS may be signalled among the cells in this case.

▪ If cell-specific CSI-RS subframe configuration period TCSI-RS is low and NPRS consecutive downlink subframes for PRS transmission is high, the scheduling restriction to configure CSI-RS subframe is increased. Especially, some cases are not possible to be configured, e.g. TCSI-RS =5ms, NPRS=6.
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Figure 1-1. Method 1 for synchronous arrival case of PRS (in the UE point of view)
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Figure 1-2. Method 1 for asynchronous arrival case of PRS (in the UE point of view)
Method 2 : For given CSI-RS subframe configuration, the scheduling restriction of PRS subframe configuration
- It is described in Figure 2 

- The PRS subframe configuration is avoided in subframes configured for CSI-RS transmission.

▪ The E-SMLC has to configure subframes for PRS transmission with the knowledge of information for each cell’s CSI-RS subframe configuration. However, the coordination between E-SMLC and eNB for CSI-RS information is needed but not supported in the current specification. 

- To reduce the scheduling restriction to configure PRS subframe, for some cells, the PRS shall be muted in subframes configured for PRS transmission (as shown in Figure 2-2).
▪ In Rel-9, PRS can be muted or transmitted for each periodicity of configured PRS subframes by bitmap signalling from high layer 
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Figure 2-1. Method 2 (fully avoiding case)
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Figure 2-2. Method 2 (partially avoiding case with PRS muting)

(2) REs overlapping within a collided subframe between CSI-RS and PRS transmission 
In spite of the subframe collision avoiding methods as mentioned above section, if a subframe collision between CSI-RS and PRS is occurred, all of the following subframes for PRS transmission will be collided with CSI-RS because the periodicity of PRS transmission is a multiple value of the CSI-RS’s periodicity. Furthermore, for the UEs that performs positioning and/or CSI measurement in this case, the measurement accuracy will be impacted.
For the REs overlapping within a collided subframe between CSI-RS and PRS transmission, followings 3 alternatives could be considered. 
Alt 1 : PRS REs always have the priority to CSI-RS REs.
- High ratio of CSI-RS REs has to be punctured. Because neighbour cells having different PRS patterns transmit PRS and OTDOA measurement needs detection of PRS from these cells (at least 3 cells). If OTDOA measurement without influence of CSI-RS is considered, the CSI-RS REs contained in almost of 6 PRS patterns (that are not only serving cell’s PRS pattern but also these neighbour cell’s PRS pattern) should be punctured to transmit PRS.
- There will be significant impacts on CSI measurement in certain period of CSI-RS transmission, e.g. 1 of 16 CSI-RS transmission will be seriously impacted if TCSI-RS=10ms, TPRS=160ms.

- Table 1 : REs overlapping within a collided subframe between CSI-RS and PRS (in the PRS point of view)
	PRS pattern ( PCI mod 6, normal CP)
	CSI-RS pattern (8 AP general case, normal CP)

	0
	1,2

	1
	0,1,4

	2
	0,1,3,4

	3
	0,3,4

	4
	2,3

	5
	2


Alt 2 : CSI-RS REs always have the priority to PRS REs.
- Certain ratio of PRS REs has to be punctured. If CSI-RS is transmitted in multi-cell environment, e.g. CoMP, Het-Net, the ratio will be higher. 

- The OTDOA measurement accuracy will be impacted due to lack of measurable PRS REs.

- Table 2 : REs overlapping within a collided subframe between CSI-RS and PRS (in CSI-RS point of view)

	CSI-RS pattern (8 AP general case, normal CP)
	PRS pattern ( PCI mod 6, normal CP)

	0
	1, 2, 3

	1
	0,1,2

	2
	0,4,5

	3
	2,3,4

	4
	1,2,3


Alt 3 : Restriction of allocable CSI-RS pattern (Harmonization between Alt 1 and Alt 2)
   - The CSI-RS is configured only with restricted CSI-RS patterns in collided subframes, e.g. patterns configured in 10th and 11th OFDM symbols for normal CP case as shown in Figure 3.
   - Allocable CSI-RS patterns will be reduced, e.g. 3/5 in above example. However, there are no significant impacts on CSI-RS transmission except multi-cell cases having large number of coordinated cells (e.g. CSI-RS transmission more than 3/6/12 cells having 8/4/2 CSI-RS antenna ports in the same subframe).

   - The OTDOA measurement accuracy could be also impacted due to lack of measurable PRS REs, but the lack of measurable PRS REs may be lower than Alt 2.
[image: image5.emf]l =0 1 2 3 4 5 6 7 8 9 10 11 12 13

Overlapped REs

CSI-RS 

(configuration 0/1/2/3/4;

  5 patterns for 8 Antenna Ports)

PRS 

(pattern for PCI mod 6=2)

Allocable REs for CSI-RS transmission to avoid collision with positioning REs

l =0 1 2 3 4 5 6 7 8 9 10 11 12 13

Overlapped REs

CSI-RS 

(configuration 0/1/2/3/4;

  5 patterns for 8 Antenna Ports)

PRS 

(pattern for PCI mod 6=2)

Allocable REs for CSI-RS transmission to avoid collision with positioning REs


Figure 3: An example for avoiding of REs overlapping between CSI-RS and PRS transmission
3. Conclusion

In this contribution, the collision cases between CSI-RS and PRS was discussed, and some collision avoiding methods are also discussed for subframe collision cases and REs overlapping cases in a collided subframe.

CSI-RS and PRS may collide in some subframes for certain periodicities and subframe offsets, and the ratio of overlapped REs for CSI-RS and PRS transmission could be high in a collided subframe. In these collision cases, eNB could be restricted to allocate subframes configured for CSI-RS or PRS transmission, and the measurement accuracy will be impacted for UEs that performs positioning and/or CSI measurement.

Therefore, first of all, it should be agreed whether a standardization solution to solve theses collision issues is needed as already mentioned in [1]. If agreed, the subframe collision between CSI-RS and PRS transmission should be firstly avoided as much as possible. If the subframe collision exists, the REs overlapping within a collided subframe between CSI-RS and PRS transmission could be also avoided by one of following 3 alternatives as mentioned in section 2-(2).
- Alt 1 : PRS REs always have the priority to CSI-RS REs.

- Alt 2 : CSI-RS REs always have the priority to PRS REs.

- Alt 3 : Restriction of allocable CSI-RS pattern (Harmonization between Alt 1 and Alt 2)
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