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1 Introduction

According to the WID on DL CoMP [1], the objectives for downlink reference signal enhancement are:
	· Specification in support of DL CoMP operation potentially including:

· Enhancements and requirements on downlink reference signals

· enhancements to improve interference measurements

· enhancements to identify and measure the downlink channel status of multiple transmission points
· consider performance requirements for flexible mapping of antenna ports to transmission points


In this contribution, we will discuss some possible enhancements to CSI-RS and DMRS for supporting CoMP in Rel-11.
2 CSI-RS
It has been agreed at the RAN1#66bis meeting that multiple non-zero-power CSI-RS resources for a Rel-11 UE should be supported through dedicated signalling at least for CSI feedback [2]. In this section, we will discuss the detailed configuration options for multiple non-zero-power CSI-RS resources.
2.1 Parameter configuration
In Rel-10, the CSI-RS-config information elements include: antennaPortsCount, Pc, resourceConfig, subframeConfig.
antennaPortsCount and reourceConfig

The number of ports and the CSI-RS configuration index are two fundamental parameters to determine the CSI-RS pattern. In Rel-10, the CSI-RS patterns corresponding to different number of ports, e.g. 1, 2, 4, 8 have been defined. The CSI-RS pattern reuse factors for FDD/TDD are summarized in Table 1.
Table 1: Reuse factors of various CSI-RS patterns in Rel-10.
	
	FS-1
	FS-2

	Antenna Port
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	1, 2
	20
	16
	32
	28

	4
	10
	8
	16
	14

	8
	5
	4
	8
	7


As indicated by Table 1, since the current CSI-RS pattern can readily provide flexible combinations for constructing multiple non-zero-power CSI-RS resources, the CSI-RS patterns for each Transmission Point (TP) should reuse the CSI-RS patterns defined in Rel-10 to minimize standardization impact. As each TP may have different number of antenna ports, orthogonal CSI-RS resources should be allocated to each TP in order to avoid interference between TPs.

subframeConfig
The subframe configuration signalling is essential for the UE to get the location of CSI-RS-carrying subframes in a radio frame. The subframe configuration period 
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 for CSI-RS have been defined in Rel-10. It is reasonable to reuse the existing CSI-RS configurations for each TP when allocating the multiple CSI-RS resources for the sake of minimizing the standardization impact. Employing a common subframe configuration for the multiple CSI-RS resources may bring some advantages, e.g. facilitating aggregated feedback for CoMP and reducing individual signalling overhead. However, it may impose unnecessary restrictions on eNB. For instance, the number of non-CoMP UEs served by a TP in a CoMP cooperating set may be larger than the other TPs in the same cooperating set, so for the heavily loaded TP it may be desirable to apply a larger value for 
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, such that it has more resources to schedule its non-CoMP UEs which do not have CSI-RS configured. Thus, it is preferred to support the independency of the subframe configurations for multiple non-zero-power CSI-RS resources.
Pc
Pc is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size. Independent Pc configuration for multiple CSI-RS resources is helpful in some cases, for instance in the HetNet FeICIC scenario where power reduction is applied in ABS for aggressor cell [3]. Therefore, it is reasonable to allow independent Pc configuration for multiple CSI-RS resources.
Based on above discussions, we arrive at the following conclusions:

Proposal 1: No new CSI-RS pattern is defined for the multiple non-zero power CSI-RS resources.

Proposal 2: The parameters antennaPortsCount, Pc, resourceConfig, subframeConfig for multiple CSI-RS resources are allowed to be independently configured.
2.2 Scrambling sequence initialization for CSI-RS
In Rel-10, the pseudo-random sequence of CSI-RS is initialised by the cell ID and CP type:
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(1)
Since CSI-RS patterns can be multiplexed in a TDM mode, which helps to increase the CSI-RS reuse factor. The Rel-10 CSI-RS subframe configuration design already provides sufficient flexibility. Hence it is unnecessary to introduce new scrambling sequence initialization only to further enhance the orthogonality between multiple CSI-RSs even in Scenario 4. In order to maximize backward compatibility as well as the standardization impacts, it is proposed that the same scrambling sequence initialization should be reused for multiple non-zero-power CSI-RS resources.
Proposal 3: No new scrambling sequence initialization defined for the multiple non-zero power CSI-RS resources.
3 DMRS
In TM 8/9, the pseudo random sequence of DMRS is initialized by 
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. In CoMP Scenario 4, for example, the current method of scrambling would result in the fact that DMRS of different TPs sharing the same cell ID will be scrambled with the same sequence. Then, when the UEs from different TPs are scheduled in the same DMRS ports for CoMP transmissions, interferences on DMRS will occur, which degrades the demodulation performance of PDSCH. To mitigate the DMRS interference form different nodes, the orthogonality among DMRS should be considered. The working assumption about DMRS in RAN#66bis is as follows [2]:
	Working assumption:

· Same DMRS sequence generator as in Rel-10 is used.

· A UE can be semi-statically configured in a UE-specific manner, which initialization values for DMRS scrambling generator are available for dynamic selection.

· Initialization values can be configured to correspond to Rel-10 DMRS.

· FFS: Introduction of additional orthogonality for DMRS


In order to enhance the orthogonality among DMRS, the initialization of the DMRS scrambling sequence should be performed in a more flexible way than tying it to the cell ID as in current specification. Two possible methods can be considered:
· Alt-1: UE-specific scrambling sequence initialization [3][4];
· Alt-2: TP-specific scrambling sequence initialization [5][6].
3.1 UE-specific scrambling sequence initialization

UE-specific scrambling relies on interference randomization to mitigate the interference between spatial multiplexed UEs. One of the examples of UE-specific scrambling sequence initialization can be described by:
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(2)

Since each UE has a different DMRS sequence, the DMRS interferences between UEs can be reduced to some extent by the pseudo-random scrambling. However, the main drawback of this method is that the DMRS orthogonality between multiple UEs cannot be maintained due to the employment of different scrambling sequences, which will degrade the achievable performance of MU-MIMO.
3.2 TP-specific scrambling sequence initialization

TP-specific scrambling, on the other hand, can rely on the OCC to mitigate the interferences between UEs served by the same TP. A simple example of TP-specific scrambling sequence initialization can be described as:
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A TP ID may be informed to a UE by high-layer signalling, and is set to zero for maintaining compatibility with legacy UEs. Since UEs served by different TPs are allocated a different DMRS sequence, the DMRS interferences between TPs can be mitigated. Moreover, since the UEs in the same TP share the same scrambling sequence, the DMRS orghogonality between multiple UE can be maintained, which facilitate MU-MIMO operations.
Proposal 4: TP-specific DMRS scrambling sequence initialization is adopted.
4 Conclusion

In this contribution, we discussed possible CSI-RS and DMRS enhancements for supporting CoMP in Rel-11.
Proposal 1: No new CSI-RS pattern is defined for the multiple non-zero power CSI-RS resources.

Proposal 2: The parameters antennaPortsCount, Pc, resourceConfig, subframeConfig for multiple CSI-RS resources are allowed to be independently configured.
Proposal 3: No new scrambling sequence initialization defined for the multiple non-zero power CSI-RS resources.
Proposal 4: TP-specific DMRS scrambling sequence initialization is adopted.
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