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1 Introduction

In RAN1#67, detailed parameters of CSI-RS configuration with UE-specific scrambling sequence were agreed in the following

· Configuration of multiple non-zero-power CSI-RS resources includes at least:

· antennaPortsCount, resourceConfig

· Independently configured among CSI-RS resources

· subframeConfig

· Whether common or independent among CSI-RS resources is FFS

· Configurable parameter to derive the pseudo-random sequence generator initialisation (cinit)

· cinit is independently configured among CSI-RS resources
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where X is configurable in a UE-specific manner and may take on any value in the range of 0 to 503

· FFS whether Rel-10 formula can be used without a change

· FFS whether beyond 503 are supported

· FFS whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource
· Pc
· Details of signalling is FFS

· Additional parameters may be considered
This paper discusses the configuration of CSI-RS scrambling sequence in the CoMP system design.   
2 Configuration of CSI-RS Scrambling Sequence 
The initialization of the pseudo-random sequence for CSI-RS scrambling was agreed as UE-specific parameter X instead of cell ID
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.   This gives additional degree of freedom to the E-UTRAN in configuring multiple CSI-RS resources regardless of whether the CSI-RS resources have the same or different cell IDs.  The UE specific parameter X ranges from 0 to 503 to be consistent with the range of 
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.   However, it is FFS
· whether Rel-10 formula can be used without a change

· whether beyond 503 are supported

· whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource
· Details of signaling
2.1 Configured CSI-RS Subframes with restrictions

Each CSI-RS resource is configured by higher layers.  In Rel-10, zero or one non-zero power CSI-RS could be configured in a cell [1].  We agreed to configure multiple non-zero power CSI-RS resources in RAN1#66bis.  The subframes configured to transmit multiple CSI-RS resources could reuse the same CSI reference signal subframe configuration of the serving cell in Table 6.10.5.3-1 of [1].  However, the restrictions of no CSI-RS transmission for collision avoidance of other signals in [1] are based on the cell configuration in the following

· in the special subframe(s) in case of frame structure type 2,

· in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,

· in subframes configured for transmission of paging messages.

When multiple CSI-RS resources are configured for a specific UE, the UE needs to know which subframes the CSI-RS would be transmitted in.  Since the configurations of DL control channels are independent at each cell, some alternatives could be considered for the UE to ascertain if each CSI-RS is transmitted in a given subframe:
· The UE could be signalled the associated PCID, the subframe offset with respect to the serving cell, the subframe configuration for TDD, and the DL paging channel configuration for each non-zero power CSI-RS resource  – The UE would then know exactly if each CSI-RS is transmitted in the given subframe.   
· The UE could be signalled a bitmap indicating in which subframes each non-zero-power CSI-RS resource is (or is not) transmitted. (In this case the UE would not know the reason for the non-transmission in any given subframe, but this information is not needed anyway.) The signalling overhead would probably also be lower than signalling all the information listed above.  

· The UE could assume that all configured non-zero power CSI-RS are transmitted with same subframe restrictions as the serving cell – This alternative would require minimal specification support.  It would be easier for the E-UTRAN to configure the CSI-RS, but the E-UTRAN would need to coordinate the configuration of CSI-RS, TDD subframes, and other DL control channels, which could be challenging.  
Proposal 1: For each non-zero-power CSI-RS resource that is configured for a UE, the UE is provided with information to enable it to know which subframes the CSI-RS is (or is not) transmitted in.  
2.2  Configuration of CSI-RS Detection and Acquisition 
The UE needs to be capable of detecting and acquiring every CSI-RS resource when multiple CSI-RS resources are configured.   The details of detection, acquisition, and time tracking of CSI-RS in the CoMP operations are discussed in [2].   If the PSS/SSS of a different cell than the UE’s serving cell provides a closer timing reference for detection/acquisition of a particular CSI-RS than the PSS/SSS of the UE’s serving cell, then the Cell ID corresponding to the PSS/SSS that the UE should use as the timing reference should be provided to the UE. In such a case, as suggested in [2], the UE should reuse the cell detection and acquisition procedure during cell search or handover to start the process of acquiring the timing of the CSI-RS.  
The default timing reference could be the UE’s serving cell (i.e. if no Cell ID is provided to a UE for a given CSI-RS, the UE would assume that its serving cell PSS/SSS provides the closest timing reference).

For CSI-RS resources which are transmitted from antennas that are non-collocated with any PSS/SSS antennas, the UE will have to detect the CSI-RS based on new performance requirements assuming a certain time alignment between the CSI-RS transmissions from the non-collocated antennas and the transmissions of the closest PSS/SSS timing reference, as shown in Figure 2.   
Proposal 2: For each non-zero-power CSI-RS resource that is configured for a UE, the UE is provided with the cell ID of the cell which provides the closest PSS/SSS timing reference for the CSI-RS. If no cell ID is provided for a configured CSI-RS resource, the UE can assume that the PSS/SSS of its own serving cell provides the closest timing reference.   
Note that, multiple time tracking and receiver front end processing may be required when multiple CSI-RS resources are configured.
2.3 CSI-RS Scrambling Sequence 

For the parameter to derive the pseudo-random sequence generator initialisation (cinit),  the UE specific parameter X in place of 
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with range 0 to 503 should be sufficient for all CSI-RS resources since X is UE-specific and could be reused dynamically. It does not need any restriction to have only one scrambling sequence for one CSI-RS resource as long as there is no ambiguity in the CSI-RS resource element mapping.     
Proposal 3: The UE-specific parameter X to derive the CSI-RS pseudo-random sequence generator initialisation must be signalled o the UE for each CSI-RS resource that it is expected to detect.
Proposal 4: The UE specific parameter X range from 0 to 503 is sufficient to replace 
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for the initialisation of CSI-RS sequence generation.  

Proposal 5: The CSI-RS resource configuration does not need to be restricted to have one scrambling sequence only in a given CSI-RS resource. 

[image: image5]
Figure 2: CSI-RS configurations
3 Conclusions
The details of CSI-RS configurations are discussed, considering collisions with other DL channels, and issues related to UE detection, acquisition, and time tracking of configured CSI-RS resources.  Our proposals are as follows,   
· Proposal 1: For each non-zero-power CSI-RS resource that is configured for a UE, the UE is provided with information to enable it to know which subframes the CSI-RS is (or is not) transmitted in.  

· Proposal 2: For each non-zero-power CSI-RS resource that is configured for a UE, the UE is provided with the cell ID of the cell which provides the closest PSS/SSS timing reference for the CSI-RS. If no cell ID is provided for a configured CSI-RS resource, the UE can assume that the PSS/SSS of its own serving cell provides the closest timing reference.   

· Proposal 3: The UE-specific parameter X to derive the CSI-RS pseudo-random sequence generator initialisation must be signalled to the UE for each CSI-RS resource that it is expected to detect.

· Proposal 4: The UE specific parameter X range from 0 to 503 is sufficient to replace 
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 for the initialisation of CSI-RS sequence generation.  

· Proposal 5: The CSI-RS resource configuration does not need to be restricted to have one scrambling sequence only in a given CSI-RS resource.
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