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1. Introduction
In RAN1#59bis, it was agreed that for Rel-10, any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP. An initial set of simulation assumptions and scenarios were agreed in [8]. 
Intra-eNB CoMP JT consists of multiple transmission points controlled by the same eNB. The transfer latency for both data and control signaling among transmission points can be very low. The impact on RAN1 standardization is limited to an efficient feedback mechanism to support the intra-eNB CoMP [1]. 

After discussions in RAN1#58, it was agreed that “individual per-cell feedback is considered as baseline. Complementary inter-cell feedback might be needed.” In this contribution we give descriptions of a suitable feedback mechanism for intra-eNB CoMP JT, and provide corresponding system performance evaluations for the  FDD downlink.

2. Feedback mechanism for intra-eNB CoMP JT
In this contribution the feedback mechanism includes individual per-cell feedback and inter-cell relative information, as follows [4]:
We consider here explicit per-cell channel feedback including channel information of the serving cell and coordinated cells. The per-cell CSI feedback (or channel directional information) is weighted according to a common receive weighting matrix derived from the serving cell, and then quantized using codebook based vector-quantization for more than one cell. In addition per-cell CQI information also needs to be reported to aid user scheduling and link adaptation.
Additional inter-cell information (e.g. relative phase and amplitude, CQI calibration factor) from coordinated cells may be needed to perform scalar-quantization and feedback to support CoMP JT operation. Relative phase and amplitude adjustment on top of per-cell CSI feedback can better reconstruct multi-cell CSI at the eNB, allowing efficient multi-cell joint beamforming. A CQI calibration factor on top of per-cell CQI feedback can assist with multi-cell joint user scheduling and MCS determination in CoMP JT.
3. System performance evaluations for intra-eNB CoMP JT

Simulation assumptions

Based on the above feedback mechanism, system performance evaluations for intra-eNB CoMP JT are provided for the UMi scenario in comparison with single-cell MU-MIMO. System simulation parameters are listed in table 1 according to [3] and [8].
Table 1 System models and assumptions for FDD in UMi
	Parameter
	Assumption

	Scenario
	UMi

	Traffic model
	Full buffer with average 10 UEs each cell

	Duplex method
	FDD 10+10MHz

	DL transmission scheme
	4x2 MU-MIMO
4x2 intra-eNB CoMP JT

	DL Scheduler
	PF

	DL HARQ
	Synchronous HARQ with CC

	DL receiver
	MMSE

	PMI/CQI measurement and feedback
	5-subframe feedback period for PMI/CQI

20-subframe feedback period for covariance matrix

6-subframe feedback delay

	Antenna configuration for eNB/UE
	Type c: co-polarized (0.5 λ spacing)

	Channel estimation error
	Ideal

	Control overhead 
	Fixed 0.3063


The number of Tx antennas per cell is 4 for both MU-MIMO and intra-eNB CoMP JT. The maximum number of simultaneously scheduled UEs is 4 for MU-MIMO and 12 for CoMP JT. ZF precoding is performed for both transmission schemes according to different feedback information. 
Simulation Results
Cell average spectrum efficiency and cell-edge spectrum efficiency are evaluated for 4-by-2 MU-MIMO and CoMP JT, and shown in table 2. From the table we can see that the intra-eNB CoMP JT scheme achieves cell average spectrum efficiency gains of 16% and cell-edge spectrum efficiency gains of 19% compared with single-cell MU-MIMO in UMi scenario. 
Table 2
Performance of 4x2 MU-MIMO and CoMP JT (UMi, FDD)
	DL transmission scheme
	Cell average spectrum efficiency
(kbps/Hz/cell)
	Cell-edge spectrum efficiency
(kbps/Hz/cell)

	MU-MIMO
	3.28
	0.101

	Intra-eNB CoMP JT
	3.81
	0.120


Signalling overhead
In the downlink, a fixed control overhead (e.g. 0.3063) has been considered to cover the downlink control channel (CCH), reference signals (RS), physical broadcast channel (PBCH) etc.. In the uplink, CSI knowledge in the eNB comes from long-term (20-subframe period) wideband transmit covariance matrix, short-term (5-subframe period) narrowband per-cell CSI/CQI feedback, and additional inter-cell feedback including relative phase and amplitude information and CQI calibration factor. Feedback is provided for three cells (within an eNB) from each UE. The UL feedback overhead is calculated as follows for both transmission schemes:

UL feedback overhead for CoMP JT:
· Per-cell CSI feedback: 4bit x 3/ sub-band/ 5-subframe
· Inter-cell relative phase feedback: 5bit x 2/ sub-band/ 5-subframe
· Inter-cell relative amplitude feedback: 5bit x 2/ sub-band/ 5-subframe
· Per-cell CQI and calibration factor feedback: 5bit x 4/ sub-band/ 5-subframe
· Per-cell transmit covariance matrix feedback: 28bit x 3/ 20-subframe
In summary total UL feedback overhead is (52x10+ 28x3/4)/5 = 108.2 bits per subframe for each UE.
UL feedback overhead for MU-MIMO:

· CSI feedback: 4bit / sub-band/ 5-subframe
· CQI feedback: 5bit / sub-band/ 5-subframe
· Transmit covariance matrix feedback: 28bit/ 20-subframe
In summary total UL feedback overhead is (9x10+ 28/4)/5 = 19.4 bits per subframe for each UE.
4. Summary

In this contribution a combined per-cell feedback and inter-cell relative information feedback mechanism has been demonstrated for intra-eNB CoMP JT. Detailed system performance evaluations have been performed showing the cell average spectrum efficiency and cell-edge spectrum efficiency gains of intra-eNB CoMP JT over single-cell MU-MIMO. Realistic UL feedback overhead is also evaluated and compared for both transmission schemes. These simulation results show an upper bound of system performance for intra-eNB CoMP JT due to the high  feedback overhead; further studies are needed with lower feedback overhead, e.g. with feedback compression schemes.
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