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1. Introduction

One of the key techniques going to be introduced in LTE-A is the relay technology [1]. As relay could increase sector and cell edge throughput with affordable cost, it is a desirable feature by many operators. Among different type of relays, the transparent relay, which is also called Type II relay in the SI of LTE-A, attracts lots of the attention due to its simplicity and possible low cost implementation [2]
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[3]. A transparent relay considered as Type II relay in SI of LTE-A is a relay node (RN) which does not have its own cell ID. It may not have a sync channel or control channel. The primary application of the transparent relay is to help the eNB with downlink data transmission. Such relay node  is transparent at least to the Rel-8 UE in the sense that UE does not have to be aware if the transmission is from the relay or from the eNB. In other words, UE does not have to be aware of the existence of such a RN.

Transmission mode 7 in Rel-8 could be used in such a transparent relay system. However, as it is a single layer beamforming (BF) transmission, it may only bring limited improvement on sector and cell edge throughput. In this paper, we introduce the transparent relay system using dual-layer BF, which is a new transmission scheme under discussion and is going to be adopted by Rel-9.

2. Transparent Relay using Dual-layer BF
In LTE Rel-9, a work item (WI) has been setup to investigate the performance of dual-layer BF techniques and discuss their various design aspects [4].
 In such system, two independent data streams are encoded, modulated and mapped to resource blocks.  They are then  transmitted on two independent beams from an antenna configuration such as a cross-polarized antenna array. Normally, the spacing among elements between each co-polarized element in the array is quite small, at about half of a carrier frequency wavelength. As two layers of independent data streams could be transmitted to the UE, the sector throughput may well be expected to be higher than the single layer BF transmission as shown in [5] [6] . Furthermore, such system has the flexibility of supporting single user transmissions as well as multiple user transmissions [7]
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[8], which would further improve the system throughput. 

As dual-layer BF could bring more throughput gain and deployment flexibility over a Rel-8 single-layer BF, it could be introduced into transparent relay system with the expectation of increased sector and cell edge throughputs and enhanced deployment flexibility. 

2.1. Transmission Procedure

The transmission procedures of a transparent relay system using a dual-layer BF could be divided into several steps:
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Figure 1: Transmission procedure in transparent relay using a dual-layer BF
1. First, as shown in Figure 1 (a), the eNB would send the initial transmission to the UEs using a dual-layer BF. Such transmissions could also be received and decoded by an RN that is  within coverage of the same beams as the UE. 

2. Second, as shown in Figure 1 (b), the eNB and the RN would both listen to the ACK/NACK feedback from the UE. 

3. Third, as shown in Figure 1 (c), if a NACK is received, the eNB and the RN would send the re-transmission to the UE on the same resources and in the same subframe. Such resources could be either preconfigured or signaled to the RN through eNB to RN backhaul.
4. Steps 2-3 could be repeated until the re-transmissions succeed.
An alternative to above procedure is that an RN could also help with the initial transmission. In that case, the data of the initial transmission would be sent to the RN through the eNB-to-RN backhaul link before the initial transmission is scheduled. Then eNB and RN could cooperatively transmit the initial transmission to the UE in the same subframe and in the same resource blocks (RB). 

Compared these two approaches, the first approach does not help with the initial transmission, and therefore, saves backhaul link bandwidth and does not incur extra latency. The second approach, on the other hand, has the advantage of helping with the initial transmission at the expense of requiring more backhaul link bandwidth and incurring more latency. They could be configured by the eNB and used in the appropriate situation. The configuration of either approach in real deployment would depend on the availability of backhaul link bandwidth, as well as the latency requirement of the traffic. 
Figure 2 shows the RBs used for initial/re-transmissions from the eNB and a transparent relay using dual-layer BF. The common reference signals (CRS) must be transmitted from the eNB to support Rel-8 UEs. For those UEs that need the help of the relay, dedicated RS (DRS) are transmitted in those scheduled RBs for demodulation. Different DRS patterns are used for each beam (layer), and the DRS from different beams (layers) are orthogonal. In Figure 2, shows an example of such DRS patterns. In the example, CRS are not transmitted from RN. The main consideration for doing so is to avoid introducing interference on CRS, which could be used by other UE for channel estimation and channel measurement. However, sometimes if measuring composite channels from both the eNB and RN to the UE would let the UE provide more accurate channel information such as PMI and rank, the CRS could be transmitted from the RN as well.  For demodulation, the DRS from the RN would be transmitted from the same sub-carriers used by the eNB, which would allow the UE to estimate the composite channel on each beam from corresponding DRS and further decode the data. As both CRS and DRS from the RN, if transmitted, are transmitted from the same sub-carriers used by eNB to transmit CRS or DRS, the transmission from RN is transparent to the UE. 
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Figure 2: RB transmitted from eNB and RN in a transparent relay using dual-layer BF
2.2. Transmission Configurations

Transparent relays using dual-layer BF could be utilized by different transmission configurations as illustrated in Figure 3 and described in the following:
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Figure 3: Different relay deployment scenarios with dual-layer BF

1. In one configuration as shown in Figure 3 (a), a single user is supported and both the eNB and the RN transmit to a single UE simultaneously. The transmission could use single and dual beams with dynamic beam switching.

2. In another configuration as shown in Figure 3 (b), the eNB could work with two or multiple RNs and transmit to two or multiple UEs simultaneously. The transmission could use single or dual beams. To reduce the interference among transmissions between users, the AoA spacing between scheduled users at eNB should be relatively large.

3. In another configuration as shown in Figure 3 (c), the eNB could work with one or two RN and transmit to two UEs simultaneously, but with different beam to each UE. This would be used for two scheduled users whose AoA spacing at eNB is small. In such case, to reduce interference between users, each beam will have an orthogonal DRS for each UE.

4. In another configuration as shown in Figure 3 (d), the eNB could transmit to one RN and one UE simultaneously using one or two beams. The beams used for transmission to the RN and the UE could be the same or different.  It transmits to UE as access link and transmits to RN as relay backhaul link. As such transmission on the backhaul link uses SDMA technique, it may not have to follow the TDM multiplexing rule between backhaul link and access link as specified in LTE-A [1]. If properly utilized, it could reduce the latency on the eNB to RN backhaul transmission. For example, when eNB transmits to one UE served directly by the eNB, the eNB could transmit on the same sources to a RN, for example, with the initial transmission scheduled to another UE. The RN would then help with the initial transmission for that UE in the next subframe. 

5. In another configuration as shown in Figure 3 (e), the eNB could transmit to two RNs simultaneously using one or two beams. The beams used for transmission to the two RNs could be the same or different.  Such configuration could allow an eNB transmit to two RNs at the same time using SDMA, and therefore, could increase the backhaul link capacity. 

3. Conclusion

In this paper, transparent relays using dual-layer BF is introduced and some transmission procedures and configurations are discussed. It is believed that transparent relay using dual-layer BF provides a low-cost and feasible solution to enhance the sector and cell-edge throughput and coverage. 
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(c) MU-MIMO: eNB pair with two RN and transmit to two UE with different beam
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(a) SU-MIMO: eNB and RN transmit to one UE
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(b) MU-MIMO: eNB pair with two RN and transmit to two UE at the same time







(d) MU-MIMO: eNB transmits to RN and UE at the same time







�







�







�







eNB 







eNB 







eNB 







(e) MU-MIMO: eNB transmits to two RN at the same time







�











[image: image1][image: image2.emf] 


Relay Node    


[image: image3.emf] 


Relay Node    


[image: image4.emf] 


Relay Node    


[image: image5.emf] 


Relay Node    


[image: image6.emf] 


Relay Node    


[image: image7.emf] 


Relay Node    


[image: image8.emf] 


Relay Node    


[image: image9.wmf][image: image10.png]




_1304358736.doc

[image: image5.wmf]

Relay Node 







�







Relay Node 







(b) UE feedback ACK/NACK
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(c) RN helps during the re-transmission
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