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1 Introduction
One of the major goals that we try to achieve with LTE-advanced is to improve average cell throughput as well as cell-edge user throughput. DL CoMP (Downlink Coordinated Multi-Point) transmission/reception is one of the promising technologies targeting to the goal. In [1], two categories of CoMP techniques that RAN1 has agreed on are identified: 
· Coordinated scheduling and/or beamforming: The data for a particular UE is transmitted only from its serving cell. Multiple cells share the information related to scheduling and/or beamforming and use it to reduce the inter-cell interference.
· Joint processing/transmission: The data for a particular UE is shared and jointly processed among multiple cells. Relatively more backhaul capacity is needed for this scheme compared to coordinated scheduling and/or beamforming. 
From RAN1 #55bis meeting, following way forward on CoMP was agreed [2]:
· UE only receives PDCCH from a single cell (anchor cell)

· Depending on the CoMP scheme, the UE may or may not be aware of from which cells (“active CoMP set”) it is receiving the PDSCH transmission.

Another technology to be introduced in LTE-A is DL higher order MIMO. This is to improve the spectral efficiency by utilizing more transmit and receive antennas, e.g. 8X8. It has been agreed in [2,3] that a universal structure with two types of RS will be studied for support of both DL CoMP and higher order MIMO.
A companion contribution in [4] presents some design considerations for CoMP joint processing/transmission. Design aspects including multiplexing between LTE and LTE-A UEs, CoMP clustering, transmission schemes for CoMP joint processing, and RE mapping are discussed there. In this contribution, we will more focus on the transmission schemes in the CoMP transmission mode. This contribution is to trigger the discussion on CoMP transmit diversity for fallback operations in the CoMP transmission mode.
2 Review of transmission modes in LTE Rel.8
In LTE Rel.8, seven transmission modes are defined and two different transmission schemes are allowed in each transmission mode. The reference transmission scheme is what is intended for the transmission mode and the other is for fallback operation. Table 1 summarized the transmissions schemes corresponding to each transmission mode.
Table 1. Transmission schemes depending on transmission modes
	DL TX mode
	Reference TX scheme
	Fallback TX scheme

	Mode 1
	Single-antenna port; port 0
	Single-antenna port; port 0

	Mode 2
	Transmit diversity
	Transmit diversity

	Mode 3
	Open-loop spatial multiplexing
	Transmit diversity

	Mode 4
	Closed-loop spatial multiplexing
	Transmit diversity

	Mode 5
	Multi-user MIMO
	Transmit diversity

	Mode 6
	Closed-loop rank=1 precoding
	Transmit diversity

	Mode 7
	Single-antenna port; port 5
	Transmit diversity or
Single-antenna port; port 0


Fallback was supported to ensure that a UE will not lose the connection with the serving eNB in any abnormal case. For example, if a UE in mode 4 experiences worse channel condition than when the mode is configured, it is not efficient to keep the transmission scheme of closed-loop spatial multiplexing. In this case, the eNB will try to change the transmission mode by sending an RRC signalling to the UE. However, in case where it is impossible to reliably transmit the RRC signalling with closed-loop spatial multiplexing due to the changed channel condition, the eNB will use the transmit diversity scheme allowed in the fallback operation. Since the transmit diversity scheme is most robust among the transmission schemes defined in LTE Rel.8, the fallback operation guarantees reliable connection with the serving cell at least for RRC configurations.
3 CoMP transmit diversity
As discussed in [4], at least the UE-specific “CoMP report set” should be configured before the actual CoMP operations. Accordingly, we expect CoMP operations will be triggered by UE-specific higher layer signalling. We propose to introduce a new transmission mode for CoMP operations, CoMP transmission mode.
Considering the fallback operations, we need to define two different transmission schemes for the CoMP transmission mode. The reference transmission scheme should apparently be the joint processing/transmission. What will be the transmission scheme for the fallback operations? Potential answers to this question are as follows:

· Alternative 1: Normal transmit diversity
The UE receives PDSCH transmitted only from the anchor cell. This scheme is identical to the transmit diversity scheme defined in LTE Rel.8.
· Alternative 2: CoMP transmit diversity
The UE receives PDSCH transmitted from multiple cells (active CoMP set). CoMP transmit diversity scheme should be studied, since the existing single cell transmit diversity scheme may not be applicable to CoMP joint processing/transmission.
The benefit from Alternative 1 is that we can reuse the transmit diversity schemes in LTE Rel.8. However, it is not guaranteed that Alternative 1 is more robust than CoMP joint processing/transmission since the geometry that the UE experiences with CoMP is in general better than that with single cell transmissions. Alternative 2 will be preferable in a sense that UE’s geometry is improved by the CoMP configuration and CoMP transmit diversity is even more robust than CoMP joint processing/transmission. Based on this observation, we propose to introduce a CoMP transmit diversity scheme.
Proposal: Study on CoMP transmit diversity for fallback operations in the CoMP transmission mode
Followings are the design principles we suggest for CoMP transmit diversity:
· Universal structure regardless of the active CoMP set size

We may be able to develop a set of CoMP transmit diversity schemes, each of which is optimized for a particular active CoMP set size. However, it is not desirable for a UE to implement a large number of receivers for various but optimized transmit diversity schemes. We suggest that CoMP transmit diversity schemes have a universal structure regardless of the active CoMP set size.

· Commonality with CoMP joint processing/transmission
Since the CoMP transmit diversity scheme will be operated as a complementary means to CoMP joint processing/transmission, it is recommended to maintain commonality between CoMP transmit diversity and CoMP joint processing/transmission as much as possible.
· Commonality with the transmit diversity schemes specified in LTE Rel.8

Since the receivers for the transmit diversity schemes in LTE Rel.8 are available in LTE terminals, it will definitely be helpful that the receiver of CoMP transmit diversity schemes is designed to reuse the receiver of the transmit diversity schemes in LTE Rel.8 as much as possible.
4 Conclusions
In this contribution, we proposed to introduce a CoMP transmit diversity scheme for fallback operations in the CoMP transmission mode and presented following design principles for it.

· Universal structure regardless of the active CoMP set size

· Commonality with CoMP joint processing/transmission

· Commonality with the transmit diversity schemes specified in LTE Rel.8
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