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1. Introduction
In Seoul unitary versus non-unitary pre-coding has been discussed. While unitary precoding together with a small codebook size provides a simple but powerful solution for single cells, in case of cellular systems interference has to be taken into account as well. 
LTE is intended for long term evolution, so future enhancement techniques like intra NodeB cooperation or IF cancellation shouldn’t be limited by a too conservative feedback link design. It should be remembered that one of the difficulties for a proper MIMO solution for WCDMA has been the limited feedback performance. 

In R1-062301 significant gains for suitable combinations of interference cancellation with coordination have been shown and were explicitly mentioned as possible future enhancement technique. 
For cancellation of interference from adjacent NodeBs, techniques like interference rejection combining are one of the few feasible options. For this reason suppression of residual intracell interference due to non-optimal precoding in case of unitary codebooks  is a critical waste of resources.  Typically LMMSE or SIC processing at the UE will be required for interference reduction, thereby consuming one of the most valuable spatial degrees of freedom, which could be better used for inter cell interference rejection. 
Non unitary precoding, like e.g. zero forcing at the NodeB, should rather be considered to cancel the intracell SDMA interference.  
Here a short link level evaluation is provided for comparison of unitary and non-unitary precoding, but the main focus is on additional aspects which should be taken into account for a fair comparison of both schemes. 
To avoid unnecessary delays of the WI phase we propose in the related Tdoc R1-063244 a solution for combining simple and robust unitary precoding with non unitary precoding for advanced system level implementations, were needed and useful. 

2. Performance aspects for unitary versus non unitary precoding
As has been shown by several companies unitary precoding performs worse in case of few UEs, where selection of orthogonal UEs will be difficult for the scheduler. Especially precoding techniques like zero forcing – which are very promising for inter sector interference mitigation by intra NodeB cooperation - result in significant gains over unitary precoding. 

Figure 1 shows typical link level simulation results for a 2 user SDMA system, where the NodeB has 2 and the UEs use only 1 antenna element. The according main simulation parameters are listed in table 1. 

SDMA based on unitary precoding performs worse by 1-2 dB in the low SNR region and is more or less limited to 6 bit/s/Hz (i.e. one stream, 64QAM, low coding rate) for the high SNR region. The limiting effect is easily explained by the fact that due to MU interference only in 1.5% of user constellations 2 stream-transmission outperforms single stream transmission in case of  unitary precoding. With exception of the very high SNR region, unitary precoding is even worse to adaptive maxium ratio transmission, i.e. forming optimal beams for each user and selection of the user with highest throughput. 
The second UE antenna - as defined in the LTE baseline assumptions - is not used here for SIC or MMSE processing to keep this spatial degree of freedom available for further IF- cancellation techniques, like interference rejection combining.
The use of MU-IF-cancellation techniques like SIC at the UE might be one of the reasons – besides MU scheduling diversity - why other groups found only small differences between unitary and non unitary precoding performance up to now. In Figure 2 significant performance gains in the order of 4dB are shown for UEs with LMMSE receivers compared to single antenna UEs. Especially relevant is that the performance of the whole low SNR region is degraded. 
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Figure 1: Performance comparison for unitary and non unitary precoding for 2 UEs
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Figure 2: Comparison unitary precoding for UEs with 1 and 2 effective Rx antenna 
	# of BS antennas per sector nT
	2

	# of UE antennas nR
	1 / 2

	Rx processing
	LMMSE

	codebook
	2 / 4 orthogonal vectors

	# of sectors
	1

	# of UEs
	2 

	Max eNodeB power
	43dB

	Channel model
	LTE Urban macro

	radio channels
	basically uncorrelated

	Minimum distance to Node B
	35m

	mobile speed
	low  (< 16kmh)

	MCS
	BPSK, QPSK, 16QAM, 64QAM

	Traffic
	full queue

	RF frequency
	2.6 GHz

	bandwidth
	20 MHz

	# of RBs
	48

	RB size
	25 SC


Table 1: Main simulation parameters

3. Advanced system level design
Figure 2 shows the overall system level design which we have in mind, including a suitable combination of IF-cancellation with coordination. In R1-062301 the concept and the significant performance gains have been explained in more detail. It is clear that without intercell interference mitigation it will be not possible to reach the performance limits in the future and interference coordination alone is limited in performance as well. 
Figure 3 reviews shortly the reason for the bad performance in case of a single UE antenna as found out in Figure 1. As it is known very well, SVD of the channel matrix H into H=U*S*VH, including a precoding with the matrix V at NodeB and the matrix UH at the UE gives the upper bound for MIMO systems resulting in interference free transmission. Without proper weighting at the NodeB for SDM the UE - or in case of SDMA both UEs - will receive interfered data streams. This interference will degrade performance already for small IF-values if not cancelled by linear or non linear spatial filters, which consumes at least two antenna elements.  
So,
a) to overcome inter sector interference between adjacent sectors intra NodeB cooperation is strongly proposed, as this type of cooperation can be achieved more easily due to the common NodeB scheduling. The resulting MU-MIMO scheme is spread over different sectors instead of the antennas of a single sector. 

b) one interferer of the strongest adjacent NodeB should be cancelled at the UE e.g. by interference rejection combining. 

c) for very high SNIR and/or UEs with more than 2 antenna elements additionally SDM or SDMA within each sector might be applied on top of inter sector interference cancellation. 
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Figure 3: System concept, including intra NodeB cooperation 
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Figure 4: performance loss for unitary precoding with one ‘active’ RX antenna element
While simple unitary codebook schemes provides good performance in case of single user MIMO as well as MU-MIMO with high number of UEs in isolated radio cells, in case of more advanced techniques like e.g. intra Node B cooperation or inter NodeB interference mitigation more accurate channel information and a finer adaptation to the radio channel will be required. 
 For more advanced MIMO algorithms like intra Node B cooperation or SDMA with few UEs, where also interference between more than one beam occurs and where the Tx power as well as the beam angle has to be adapted very accurately, a small codebook size will lead to significant degradations while a large codebook size will increase the feedback overhead too much as well as the processing effort needed at the UE to select the right codebook vector at NodeB.
3. Remarks
· For 4x4 MIMO significant performance gains have been shown which might be an alternative for advanced IF cancellation, but for operator more signal processing as well as some additional feedback will be probably preferable compared to increased HW-costs for additional RF-FEs. 

· In case of intra NodeB cooperation - which is a special case of MU-MIMO - there have to be scheduled 2 UEs continously, i.e. a fallback to a single user case as typical for SDMA in one sector is not appropriate. It is beneficial that due to different antenna constellations in different sectors strong correlation will be avoided for UEs served from different sectors of a NodeB.  

4. Conclusions 
Similar to other companies significant performance loss for unitary precoding over non unitary precoding in case of few UEs has been demonstrated by simplified link level simulations. 
For long term evolution, interference mitigation will be an essential part in the future and as has been shown, there will be a significant impact on MIMO algorithms. Advanced IF cancellation schemes like interference rejection combining at the UE should not be precluded by improper precoding at the NodeB. This is in contrast to unitary precoding, where the performance depends significantly on SDMA MU-interference cancellation at the UE side by LMMSE or SIC processing, consuming one spatial layer for this purpose. 

On the other hand, for many scenarios simple unitary precoding might be sufficient, so in R1-063244 we propose an integrated MIMO tracking mode which allows for an easy combination of unitary and non-unitary precoding while maintaining a fixed feedback rate.
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