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1
Introduction
In RAN1#56bis the following was agreed as a baseline for further progress of the RS discussions:
· Estimates of RS overhead for evaluations (figures assume normal CP)

· CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna ports = 0.96%)
· Possibility of assuming a larger/lower overhead in simulations of CSI-RS is not precluded (e.g. a larger time density)

· Example:

· Time density: 1 symbol every 10ms per antenna port: 1/140 

· Frequency density: 1 subcarrier every 6 subcarriers per antenna port: 1/6

· DM-RS

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in  each Rank
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed
· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 
· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

· Strive for same CSI RS and DM-RS patterns regardless of subframe type (DL Rel-8 or DL LTE-A subframes)

· DM-RS in support of up-to 8 transmission layers will need to be defined
This contribution tries to continue discussions to further progress the RS work for LTE-A
2 
Discussion
2.1
Performance

The Annex of this contribution presents the performance of 4 antenna ports SFBC + FSTD transmission vs. a configuration where the physical antennas are virtualized to 2 or 1 antenna ports for control transmission (PBCH and PDCCH). Note that the same kind of virtualizations have been discussed for the control transmission in cells with more than 4 antenna ports defined for LTE-A operation.
From the evaluations in Fig. 1-20, we conclude:
· Performance of 4x2 virtualized to 2 antennas appears to match or beat the performance of 4x2 SFBC+FSTD

· There is a loss in performance of 4x2 virtualized to 1 antenna vs. 4x2 SFBC+FSTD

· This loss depends on the scenario and ranges from 0dB to ~2dB.

· Note that no optimization of the virtualization scheme has been carried out and therefore this performance difference could be smaller 

Based on the performance shown in this section we have the following second proposal:

Proposal 1: eNB can configure the number of Rel-8 cell-specific RS to be less than 4 antenna ports even though 4 or more antenna ports are used for LTE-A operation.

2.1
CSI-RS configurations
The overheads incurred from cell-specific RS transmission (CRS) in LTE Rel-8 are as follows depending on the number of antenna ports: 

Table 1. CRS overhead in LTE Rel-8

	CRS ports
	Overhead

	1
	4.76%

	2
	9.52%

	4
	14.29%


From the baseline agreed in RAN1#56bis, the overheads for the transmission of CSI-RS for LTE-A would be

Table 2. CSI-RS overhead in LTE-A
	CSI ports
	Overhead

	1
	0.12%

	2
	0.24%

	4
	0.48%

	8
	0.95%


The numbers in Table 2 assume a frequency density of 1/6 and a time density equivalent to 1 OFDM symbol every 10ms, i.e., overhead = 1/6*1/140 = 0.12% per CSI-RS antenna port.

From the overhead study above, the cost of transmitting CSI-RS is very small. Therefore, it is desirable for UE implementations to avoid mixing the processing of cells-specific RS (CRS) and CSI-RS, and hence the following is proposed:
Proposal 2: For LTE-A antenna configurations with more antenna ports defined for LTE-A operation than for legacy operation, one CSI-RS is configured for each defined LTE-A antenna port. 

Given that the details of CSI-RS have not been finalized e.g. reuse factor in time and frequency, etc. We further propose: 
Proposal 3: For antenna configurations with same number of antenna ports defined for LTE and LTE-A operation, the CSI-RS configuration (if needed) is FFS. 

3
Conclusion
In this contribution we have discussed different aspects related to RS transmission in LTE-A. 
In summary we propose the following:

· eNB can configure the number of Rel-8 cell-specific RS to be less than 4 antenna ports even though 4 or more antenna ports are used for LTE-A operation
· For LTE-A antenna configurations with more antenna ports defined for LTE-A operation than for legacy operation, one CSI-RS is configured for each defined LTE-A antenna port
· For antenna configurations with same number of antenna ports defined for LTE and LTE-A operation, the CSI-RS configuration (if needed) is FFS.
Annex
 
Simulation Results

A1. 
Performance for PBCH and PDCCH
Simulation assumptions: 
· Antenna configuration: 4x2
· Solid lines ‘--‘  4x2 (SFBC+FSTD)
· Solid * lines ‘-*’ 4x2 with 2 virtual antennas
· Solid o lines ‘-o’ 4x2 with 1 virtual antenna
· Channel models: TU and PedA

· UE speeds: {3, 30, 120} km/h

· Correlation Model: Transmit / receive correlation matrix has elements R(Ant 1,Ant 2) = ρ(Ant 1- Ant 2)

· Virtualization : 

· 4 to 2: group antenna ports {0,2}; {1,3}; with delay of 4 samples and phase offset of π.
· 4 to 1: group all 4 antennas with delay of 3,5,7 samples
· 40 bit payload (relevant for PBCH and PDCCH)

· Red curves: PBCH

· Magenta curves: PDCCH with 1CCE

· Blue curves: PDCCH with 2CCEs

· Black curves: PDCCH with 8 CCEs
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Fig. 1. TU-3
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Fig. 2. TU-30
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Fig. 3 TU-120
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Fig. 4 PedA-3
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Fig. 5 PedA-30
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Fig. 6 PedA-120
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 Fig. 7 TU-3-Tx Corr 0.5
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Fig. 8 TU-30-Tx Corr 0.5
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Fig. 9 TU-120-Tx Corr 0.5
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Fig. 10 PedA-3-Tx Corr 0.5
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 Fig. 11 PedA-30-Tx Corr 0.5
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Fig. 12 PedA-120-Tx Corr 0.5
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Fig. 13 TU-3-Tx Corr 0.8
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Fig. 14 TU-30-Tx Corr 0.8
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Fig. 15 TU-120-Tx Corr 0.8
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Fig. 16 Ped A-3-Tx Corr 0.8
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Fig. 17 Ped A-30-Tx Corr 0.8
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Fig. 18 Ped A-120 –Tx Corr 0.8
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 Fig. 19 TU-3 –Rx Corr 0.8
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 Fig. 20 Ped A-3 –Rx Corr 0.8

Note that a phase offset of π was added in the virtualization scheme from 4 Tx to 2 Tx. This ensures that when the transmit antennas are correlated (as in the assumed model) the channels for the virtual antennas do not have frequency nulls in the same location. Such a scheme also makes the performance of the virtualization scheme from 4 Tx to 2 Tx less sensitive to the the phase in the correlation matrix. 

However, the performance of the 4 Tx to 1 Tx virtualization scheme could be more sensitive to the phase and a good choice of phase offsets to use for virtualization is not clear. 

A2. 
Performance Dependency with Virtualization
In the simulations below we look at the performance with different phase offsets for the 4 Tx to 1 Tx virtualization scheme. From the simulations we note that the performance for PDCCH is not very sensitive to the phase offsets however PBCH performance is more dependent of the phase offsets. 
· Antenna configuration: 4x2
· 1 virtual antenna with delay of 0,3,5,7 samples

· Solid lines ‘-o’ with phase (0,0,0,0).
· Solid lines ‘-+’ with phase of 0,π, π/2, 3π/2

· Solid lines ‘-*’ with phase of 0, 1.65π, 0.88 π, 0.98π

· Dashed line ‘--' with phase of 0, 1.39π, 0.76π, 0.89π

· Solid lines ‘->’ with phase of 0, 0.63π, 1.53π, 1.29 π

· Solid lines ‘-<’ with phase of 0, 1.9π, 1.59π, 1.42π

· Dash dot line ‘-.’ with phase of 0, 0.07π,  .37π, 1.51 π
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Fig. 21 TU-3 –Tx Corr 0.5
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Fig. 22 Ped A-3 –Tx Corr 0.5
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Fig. 23 TU-3 –Tx Corr 0.8
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Fig. 24 Ped A-3 –Tx Corr 0.8
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