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1. Introduction

Beamformed (BF) CSI-RS is an important feature introduced in LTE R13, which enables the use of large antenna array in LTE system without need to define complicated codebook per antenna array type as required by non-precoded (NP) CSI-RS. With BF CSI-RS transmission schemes, the eNB can determine beamforming weights used at CSI-RS resources by using short/long term CSI based on channel reciprocity or using CSI feedback based on hybrid CSI measurement [1]. UE specific BF CSI-RS is supported by using a group of micro beams towards UE. And then UE reports the beam selection as well as the cophasing using codebook and/or CRI. Since required CSI-RS resources are related to the number of active UEs, the CSI-RS overhead is one of major issues for UE specific BF CSI-RS. In this contribution, several methods are discussed to address the issue of BF CSI-RS overhead.

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Schemes of Reusing BF CSI-RS

In this section, we will propose several ways to improve the efficiency of UE specific BF CSI-RS by fully exploiting the characteristic of BF CSI-RS operation. In particular, two schemes by using spatial-domain and frequency-domain are proposed to improve utilization efficiency of BF CSI-RS.

Improving Spatial Reuse 

Considering spatial characteristic of UE specific beams, if two UEs have very similar subspaces spanned by their beam groups, then these UEs can share the same BF CSI-RS resources by using the same beam group. However, for UE specific BF CSI-RS, UEs may have their own (at least some) unique beam subspaces. Therefore, required CSI-RS overhead is related to the number of active UEs, i.e., different beam groups should be used on separated CSI-RS resources per UE. If the number of active UEs is large, the overhead of total BF CSI-RS resources may become unaffordable.

In practice, the UE specific beam group is determined mainly by both elevation and horizontal positions of UE. Different UEs with different positions may have different subspaces of beam groups. If two UEs are well isolated in elevation plane, or horizontal plane, or both, their beam groups may have been well separated. This means we can transmit several UE specific beam groups on the same CSI-RS resources simultaneously. A certain level degradation of CSI measurement quality may be expected and up to specific implementation. This is somewhat similar with the spatial multiplexing used in the data domain. 

Observation #1: To improve the efficiency of RS utilization for BF CSI-RS, CSI-RS resources can be reused at spatial domain without specification impact if UEs have similar beam group subspaces or well isolated subspaces.  

Although above strategy can be used for both FDD and TDD, TDD may be relatively easy to perform BF CSI-RS multiplexing with relaxed limitation on beam group subspaces. In LTE R13, BF CSI-RS has been supported by non-PMI based feedback, which is mainly used for TDD. Thus, the UE is required to report CQI and RI based on the BF CSI-RS for TDD. Since the channel is already known by the eNB for TDD based on channel reciprocity, the subspace isolation condition is not stringent for CSI-RS multiplexing. The only limitation is that the aggregation of different UE specific beam groups should be constructive enough for TDD. This can be achieved by ensuring an acceptable RS SINR for UE in order to maintain a reliable channel estimation of received reference signal.

Improving Frequency Reuse

The channel estimation of BF CSI-RS is the effective propagation channel after beamforming. Usually, high order beamforming operation makes the transmission power concentrating on dominant propagation path(s) of the channel. Therefore, the main path should be enhanced by beamforming and other paths may be relatively crippled. As a result, the multipath effect is restrained for the effective channel measured via BF CSI-RS. As a consequence coherence bandwidth may be increased. A simple evaluation result for the coherent bandwidth is shown in Figure 1. Here we use the relationship [image: ] with [image: ] being the mean square root delay spread [1] to derive the coherent bandwidth and the result is normalized according to the non-beamforming case (i.e., the [image: ] x-axis point in the figure). As in the figure, the coherent bandwidth increases as more aggressive beamforming is used. 
[image: ]
Figure 1 Coherent bandwidth vs. number of antennas in channel virtualization

Table 1 Simulation parameters for the evaluation of coherent bandwidth
	Parameter
	Value

	Carrier frequency
	2 GHz

	Antenna configuration
	Uniform linear array with 0.5 λ spacing

	Channel model
	UMi

	UE velocity
	3km/h

	Channel sampling interval
	1ms

	Beamforming direction
	Estimated



As results of increasing coherent bandwidth due to high order beamforming over BF CSI-RS resources, BF CSI-RS density can be reduced for some implementations and interleaved to reduce the overhead with limited CSI-RS estimation degradation at frequency domain. 

Proposal 1: To improve the efficiency of RS utilization for BF CSI-RS, CSI-RS resources can be interleaved every N RBs where N is CSI-RS frequency interleaving factor.

3. Aperiodic CSI-RS

In addition to spatial-domain and frequency-domain schemes which utilize the characteristic of beamforming operation, aperiodic CSI-RS transmission can also be considered to ensure the efficient resource utilization for UE specific BF CSI-RS. Aperiodic trigger has been used in uplink SRS and can be extent to BF CSI-RS. By using aperiodic CSI-RS, a pool of CSI-RS resources can be shared among different UEs and it can be used for certain UE on demand, thus improving the efficiency of resource utilizing. 

As the measurement restriction (MR) has been introduced in LTE R13, it can already enable the similar effect as CSI-RS resource pooling. Specifically, if the single subframe restriction is on and eNB triggers an A-CSI report on PUSCH for a certain UE, the beam group towards that UE can be used on the most recent CSI-RS resource no later than the CSI reference resource. This BF or NBF CSI-RS resource can be shared by several UEs and leave the eNB to trigger which UE shall do channel measurement at given time instance. Also when triggering an A-CSI report for a certain UE, it is possible for the eNB to avoid the collision of CSI measurement instances between that UE and others. 

If aperiodic CSI-RS is indeed required to be supported, the signalling for triggering and DL rate matching should be designed. Detailed resource configuration can be similar with periodic CSI-RS resource configuration pooling. However rate matching mechanism of PDSCH may be affected when aperiodic CSI-RS resource is used. Interference should be further considered if other UEs may share aperiodic CSI-RS resource for PDSCH. 

Proposal 2: The necessity of aperiodic CSI-RS should be analysed with considering the feature of single subframe measurement restriction, and corresponding impact of rate matching and interference.

4. Conclusions 
In this contribution, we provide our understanding of improving the efficiency of resource utilization of BF CSI-RS. Therefore we have following observations and proposals:

Observation #1: To improve the efficiency of RS utilization for BF CSI-RS, CSI-RS resources can be reused at spatial domain without specification impact if UEs have similar beam group subspaces or well isolated subspaces.  

Proposal 1: To improve the efficiency of RS utilization for BF CSI-RS, CSI-RS resources can be interleaved every N RBs where N is CSI-RS frequency interleaving factor.

Proposal 2: The necessity of aperiodic CSI-RS should be analysed with considering the feature of single subframe measurement restriction, and corresponding impact of rate matching and interference.

Reference
[1] R1-162811	“Hybrid CSI reporting using BF and NBF CSI-RS”, Nokia, Alcatel-Lucent Shanghai Bell
[2] Wireless communications, Andreas F. Molisch. Wiley, 2005.






image4.emf
number of antennas in channel virtualization

10

0 2 4 8 16 32 64

 

n

o

r

m

a

l

i

z

e

d

 

c

o

h

e

r

e

n

t

 

b

a

n

d

w

i

d

t

h

1

1.2

1.4

1.6

1.8

2

2.2

2.4


image1.png
Beoh 2 35—
27 -




image2.png




image3.png




