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1. Introduction
In the previous RAN1#67 meeting, there are some discussions on CSI-RS enhancements for DL CoMP, and the working assumption is agreed [1] as follows:
- 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 initialization (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
The CSI-RS sequence could be enhanced with consideration of various CoMP environments in Rel-11 based on above working assumption. In the contribution, we will discuss details on CSI-RS sequence in Rel-11 and provide our views.
2. CSI-RS sequence enhancements
[FFS whether Rel-10 formula can be used without a change]
If we consider cell split gain in CoMP scenario 4, the inter-TP interference from CSI-RS should be avoided. By different CSI-RS resources, it will be easily achieved. However, there will be some cases that some TPs transmit CSI-RS using the same CSI-RS resource if we consider low reuse factor in the case of using higher CSI-RS antenna ports within a subframe (e.g. 5 patterns within a subframe for 8 CSI-RS antenna ports in FDD) and/or CSI-RS overhead. Therefore, the inter-TP interference randomization via point-specific initialization on CSI-RS sequence could have benefits.

The inter-TP interference randomization via point-specific initialization on CSI-RS sequence can be achieved by replacing 
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(=PCI) to configurable parameter X which can be different among TPs even though the TPs have the same PCI in CoMP scenario 4.
Therefore, the parameter X in below cinit equation is configurable in a UE-specific manner as the working assumption based on Rel-10 formula, and signalled to UE by high layer.
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                                  (Equation 1)

For other CoMP scenario (CoMP scenario 1/2/3), the configurable parameter X can be automatically same to the PCI. However, the parameter X should be also signalled to UE by high layer if we consider multiple non-zero-power CSI-RS resources for the UE. The UE can receive multiple non-zero-power CSI-RS resources from different TPs, and there is need to know the PCI of some TPs in which the UE does not belong to.
Proposal 1: 

The parameter X in cinit equation is configurable in a UE-specific manner based on Rel-10 formula, and signalled to UE by high layer in all CoMP scenarios.
[FFS whether beyond 503 are supported]

If we consider backward compatibility and more flexibility on network’s cell ID planning, X can have the value beyond 503, i.e., the values outside the whole cell ID set will be good candidates to ensure different scrambling sequences from cooperative points in CoMP.

However, to have the value beyond 503 for X with equation 1, the equation 1 should have to be changed and the backward compatibility can be broken as described in Figure 1 because of the possibility of difference on the bit value of 210 in the equation 1. 
Furthermore, only 10 bits value can be available for X with equation 1 because the maximum available number of bits used for cinit is 31. If we use 9 bits for X, the total number of bits used for cinit is 28. And, if we use 10 bits for X, the total number of bits used for cinit is 30. However, if we use 11 bits for X, the total number of bits used for cinit is 32 which is impossible number of bits.

Therefore, the parameter X in equation 1 can be divided as below equation to use the value beyond 503.

[image: image4.wmf](

)

(

)

(

)

10

inits12CP

2711212

cnlXXN

=××+++××++×+

                               (Equation 2)

In equation 2, both X1 and X2 can be configured, but X2 can be same to the PCI and X1 can be a combination parameter of PCI and additional value according to point-specific information. For X1 in CoMP scenario 4, the value less than 504 can be used for CSI-RS sequence from macro cell and the value beyond 503 can be used for CSI-RS sequence from RRHs. For example, 
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 can be 0 for macro cell with consideration of backward compatibility.
By this, the maximum number of bits for X1 can be 12, and the backward compatibility can be maintained as described in Figure 1, i.e., the CSI-RS sequence for Rel-10 UE is the same regardless of whether sequence is initialized by using Rel-10 formula or using above equation 2.
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Figure 1: cinit for CSI-RS sequence generation
Proposal 2: 

The value beyond 503 can be used with below equation if we consider backward compatibility and more flexibility on network’s cell ID planning.
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[FFS whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource]
Among the CSI-RS resources having the same RE position, the scrambling sequences for CSI-RS have to be different. However, within a CSI-RS resource, there are no needs for different scrambling sequence if aggregated CSI-RS resource is not considered. Because, for each CSI-RS port within a CSI-RS resource, the scrambling sequence can be distinguish by different RE positions or orthogonal codes.

On the other hand, if aggregated CSI-RS resource is considered, i.e., more than one CSI-RS from different TPs are configured as one CSI-RS resource (e.g. TP A transmits CSI-RS using antenna port number 15/16 and TP B transmits CSI-RS using antenna port number 17/18, and one CSI-RS resource according to 4 CSI-RS antenna ports (=antenna port number 15/16/17/18) is configured and signalled to UE), there is need that CSI-RS ports can have different scrambling within a CSI-RS resource.
Proposal 3: 

If aggregated CSI-RS resource is considered, there is need that the CSI-RS ports have different scrambling within a CSI-RS resource. Otherwise, there are no needs for different scrambling within a CSI-RS resource.

3. Conclusion
In this contribution, we discussed details on CSI-RS sequence in Rel-11 and provide our views as follows:
[FFS whether Rel-10 formula can be used without a change]
Proposal 1: 

The parameter X in cinit equation is configurable in a UE-specific manner based on Rel-10 formula, and signalled to UE by high layer in all CoMP scenarios.

[FFS whether beyond 503 are supported]
Proposal 2: 

The value beyond 503 can be used with below equation if we consider backward compatibility and more flexibility on network’s cell ID planning.
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[FFS whether CSI-RS ports always have the same scrambling or can have different scrambling within a CSI-RS resource]
Proposal 3: 

If aggregated CSI-RS resource is considered, there is need that the CSI-RS ports have different scrambling within a CSI-RS resource. Otherwise, there are no needs for different scrambling within a CSI-RS resource.
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