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Introduction 

Downlink multi-antenna transmission techniques including high order MIMO, precoding and coordinated multi-point (CoMP) transmission have been identified as key enablers of high spectral efficiency in LTE-Advanced. One of the key air interface design aspects needed to support these advanced features is UE feedback. The issue of spatial feedback has been discussed at length in the past RAN1 meetings in the context of ITU submission. Specifically, multiple contributors to the ITU evaluation pointed out that ITU requirements on downlink spectral efficiency can be reached based on a long-term spatial (covariance) feedback alone when eNodeB antenna configuration is suitably chosen to guarantee high spatial correlation e.g. with λ/2 antenna spacing, see [1], [2], [3], [4], to mention a few. 
The goal of this contribution is to emphasize the importance of accurate short-term feedback to allow for optimized multi-antenna transmission techniques including single-cell MU-MIMO and coordinated transmissions such as coordinated beamforming and joint transmission.    
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Short term and long-term spatial feedback
First, we discuss expected benefits of long-term (covariance) and short-term spatial feedback in various scenarios in terms of deployment topology, access restrictions, eNodeB antenna configurations and UE mobility. A summary of coherent multi-antenna transmission techniques enabled due to various types of feedback is shown in Table 1.
	Scenario
	Low mobility
	High mobility

	
	long-term
	short-term
	long-term
	short-term

	WWAN
	1TX/cell
	none
	JT CoMP
	none
	none

	
	>1TX/cell co-pol
	intra-cell & CBF CoMP
	intra-cell & CoMP
	intra-cell
	intra-cell

	
	>1TX/cell x-pol
	none
	intra-cell & CoMP
	none
	none

	CSG
	1TX/cell
	none
	none
	N/A

	
	>1TX/cell
	none
	intra-cell & CBF CoMP
	


Table 1: Multi-antenna transmission techniques enabled by long-term and short-term feedback.
As we can see from Table 1, short-term feedback is beneficial for low mobility UEs to enable single cell transmission techniques such as SU/MU-MIMO and coordinated beamforming in all antennaconfigurations with multiple transmit antennas per cell (correlated and/or uncorrelated antennas) as well as multi-cell transmission techniques such as joint transmission CoMP, with either single or multiple transmit antennas per cell. Additionally, short-term feedback enables coordinated beamforming in CSG HeNodeB deployments with multiple antennas per HeNodeB. Conversely, long-term (covariance) feedback is mainly beneficial in deployments with closely spaced antennas and limited spatial scattering. Hence long-term spatial feedback is hardly beneficial in HeNodeB deployments where rich local scattering, typical for indoor propagation environment, makes such feedback ineffective.
Deployments relying on closely spaced antennas will suffer from rank deficiency and lack of diversity (on both DL and UL) which will reduce the attainable data rates as compared to deployments using diversity antennas. 
It is worth emphasizing that coordinated beamforming enabled by short-term spatial feedback allows for substantial throughput gains (up to 90% for 10% of the UEs) in CSG deployments as shown in [5]. Note that such performance gains can be achieved with a limited uplink overhead due to low UE mobility in HeNodeB deployments and a typically small number of UEs associated with HeNodeB. Finally, the studies presented in [6], [7], [8] indicate that the existing PMI feedback defined in LTE Rel-8 would not provide sufficient accuracy to enable such gains.      
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Conclusions

In this document, emphasize the importance of short-term spatial feedback to achieve sizeable gains due to coherent multi-antenna transmission techniques in various LTE-Advanced deployment scenarios. Regardless of apparent sufficiency of long-term covariance feedback (along with the existing LTE Rel-8 feedback) to meet ITU requirements for LTE-Advanced in suitable evaluation scenarios, advanced design of short-term spatial feedback can offer substantial practical gains and therefore should be seriously considered by RAN1. 
A specific proposal for short-term spatial feedback design that addresses a variety of multi-antenna single-cell and multi-cell (CoMP) transmission techniques in a scalable manner is described in [9].  
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