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1. Introduction
The details of UE behaviour on collision handling of CSI-RS have been discussed and defined in the specification. Since the CSI-RS is transmitted in PDSCH region with a duty cycle, it is necessary to define details of UE behaviour in order to avoid ambiguity at the UE receiver. 
In order to finalize the CSI-RS transmission in Rel-10, UE behaviours of following two cases should be defined in the specification to avoid ambiguities:

· CSI-RS is collided with antenna port-5

· Zero-power CSI-RS is collided with non-zero-power CSI-RS

Therefore, in this contribution, we discuss on the abovementioned cases and propose the details of UE behaviour to be described in the specification.

2. Collision between CSI-RS and Port-5
In RAN1 #61bis meeting, the following CSI-RS patterns according to the number of CSI-RS ports were agreed in both frame structure 1 and 2 in normal CP case [1].
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Figure 1. CSI-RS patters according to the number of CSI-RS ports in normal CP
As seen in the figure 1, some of CSI-RS patterns collide with antenna port-5. Although it is possible to avoid with a specific CSI-RS pattern in a cell, the CSI-RS is still possible to collide with antenna port 5 considering that multiple zero-power CSI-RS are configured on top of the non-zero-power CSI-RS. In addition, it is agreed that the rate matching of CSI-RS is used for Rel-10 UEs although the legacy transmission mode is used. Therefore, the UE behaviour for the PDSCH RE collides with CSI-RS is obvious at this moment. However, there is no clear UE behaviour for the antenna port 5 colliding with CSI-RS. Therefore, it is necessary to define the UE behaviour when a CSI-RS collides with antenna port 5.
Since the CSI-RS can be shared with multiple UEs although CSI-RS is configured UE-specific RRC signalling, it is better to give a higher priority to CSI-RS in order to avoid CQI mismatch for multiple UEs. In addition, the demodulation error possibility can be reduced if eNB schedules lower MCS for a UE having a collision between CSI-RS and port-5. Therefore, the safer way is for CSI-RS to replace antenna port-5 if the CSI-RS collides with port-5 and UE doesn’t expect to receive the port-5 in those REs.
Proposal: if a CSI-RS is collided with an antenna port-5 in a RE, the CSI-RS is transmitted in the RE.

3. Collision between zero-power and non-zero-power  CSI-RS

The number of non-zero-power CSI-RS port can be configured according the number of antenna port at the eNB transmitter. On the other hand, the number of zero-power CSI-RS port is fixed to 4 antenna ports. Since multiple zero-power CSI-RS can be configured for a UE, 16bit bitmap based zero-power CSI-RS configuration with 4 antenna ports was agreed for the sake of simplicity. Although it is not full flexible configuration, it seems to be enough already considering that 2 antenna ports CSI-RS pattern is a subset of 4 antenna ports pattern from the nested structure.
Since the zero-power CSI-RS can be configured with full flexibility, there is a possibility that the zero-power CSI-RS is overlapped with non-zero-power CSI-RS.  So far, it hasn’t been discussed how to handle this overlapped RE in RAN1. However, the current specification for other collision cases seems to allow higher priority for the zero-power CSI-RS. Considering that the flexibility of zero-power CSI-RS, it would be more natural to give a higher priority for the non-zero-power CSI-RS.

Proposal: For the overlapped RE between zero-power CSI-RS and non-zero-power CSI-RS, it is natural to give a higher priority to the non-zero-power CSI-RS

4. Conclusions

In this contribution, we discussed on the remaining CSI-RS collision issues. From the discussions, we may conclude as follows:
· if a CSI-RS is collided with antenna port-5 in a RE, the CSI-RS is transmitted in the RE
· If a zero-power CSI-RS is collided with non-zero-power CSI-RS, the non-zero-power CSI-RS is transmitted in the RE
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6.10.3.2
Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index 
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Normal cyclic prefix:
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Extended cyclic prefix:
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where  
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 is the counter of UE-specific reference signal resource elements within a respective OFDM symbol of the PDSCH transmission.

The cell-specific frequency shift is given by 
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The mapping shall be in increasing order of the frequency-domain index 
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 of the physical resource blocks assigned for the corresponding PDSCH transmission. The quantity 
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 denotes the bandwidth in resource blocks of the corresponding PDSCH transmission.

Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for antenna port 5. 

Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for antenna port 5.
The UE shall assume that antenna port 5 is not be transmitted in the resource element where CSI reference signal is transmitted.  
The notation 
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 is used to denote a resource element used for reference signal transmission on antenna port
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Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix).

6.10.5.2
Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence 
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 used as reference symbols on antenna port 
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The quantity 
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 are given by Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively. 

Multiple CSI reference signal configurations can be used in a given cell,

-
zero or one configuration for which the UE shall assume non-zero transmission power for the CSI-RS, and

-
zero or more configurations for which the UE shall assume zero transmission power. 

For each bit set to one in the 16-bit bitmap ZeroPowerCSI-RS configured by higher layers, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order. 
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