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1 Introduction 
RAN1 agreed to support the type 1 relay node that appears to UEs as a separate cell distinct from the donor cell [1]. A large number of companies are in favor of TDM-based separation of access and backhaul link and MBSFN signaling. 
Efficient RS design for eNB-to-relay backhaul link is important to improve system throughput and coverage by deploying relays. In this contribution, we provide our views on RS design for backhaul downlink assuming type 1 relay and MBSFN signaling.
2 Consideration on RS design for backhaul downlink
eNB can configure backhaul downlink (eNB-to-relay link) with Rel-8 subframes and/or with LTE-Advanced subframes. eNB configures LTE-Advanced subframes by signaling as MBSFN subframe for Rel-8 backward compatibility.
2.1 Backhaul downlink within LTE-Advanced subframe
In principle, we can design RS to support relay and LTE-Advanced UEs optimally without consideration of Rel-8 UEs. Support of up to 8 transmission antennas should be taken into account. Optimal design of RS for relay may give some throughput enhancement for backhaul downlink. 
However, configuring backhaul downlink within LTE-Advanced subframe has several drawbacks. When the number of LTE-Advanced UEs is small, the system may have low resource utilization ratio for LTE-Advanced subframe. Another drawback is that this puts scheduling constraints to Rel-8 UEs. Due to these disadvantages, we propose the following: 
Proposal: We should not preclude using Rel-8 subframes for backhaul downlink.
2.2 Backhaul downlink within Rel-8 subframe
2.2.1 Number of Tx antennas of eNB <= 4
To support PDSCH transmission for Rel-8 UEs, eNB shall transmit cell specific reference signals on PDSCH region in all Rel-8 subframes. Relay can make use of these cell specific RS to demodulate received signals and measure wireless channel. UE specific RS supports non-codebook based precoding transmission to relay.  We think that no additional RS is needed for backhaul downlink with four Tx antennas or less.
2.2.2 Number of Tx antennas of eNB > 4
A large number of Tx antennas (up to 8 antennas) can be used for very high throughput and/or reliable backhaul link. RAN1 is developing additional RS to support up to 8 Tx antennas, CoMP, and MU-MIMO for LTE-Advanced UE. Current agreements are as follows [2];
· Define two types of RS
· RS targeting PDSCH demodulation

· RS targeting CSI generation (for CQI/PMI/RI/etc reporting when needed)

· RS targeting PDSCH demodulation (for LTE-A operation) are

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· complementary use of Rel-8 CRS by the UE is not precluded

· RS targeting CSI generation (for LTE-A operation) are

· Cell specific

· Sparse in frequency and time

In these agreements, there are two types of RS, that is, demodulation RS and CSI RS. Demodulation RS is UE specific, and CSI RS is sparse in time and frequency. 

We propose to have the same RS design framework in principle for backhaul downlink with  more than 4 Tx antennas, that is, backhaul link has relay specific RS for demodulation purpose and sparse CSI RS. Under this RS design principle for backhaul link we should consider the following two issues.

2.2.2.1 Issue 1: On necessity for additional CSI RS for relay
Regarding CSI RS for backhaul link, there are two alternatives;

Alternative 1:  Relay generates CSI using CSI RS for LTE-Advanced UEs
Alternative 2: Relay generates CSI using CSI RS for LTE-Advanced UEs and additional CSI RS for relay
In alternative 1, relay measures the wireless channel using CSI RS for LTE-Advanced UEs. On the other hand, in alternative 2, donor eNB transmits additional CSI RS to relays for measurement of wireless channel. Alternative 1 has an advantage that it does not require additional RS. However, alternative 1 has two requirements. 
The first requirement is that CSI RS for LTE-Advanced UEs should be located in PDSCH region, not in PDCCH region. There are currently two types of solutions suggested for CSI RS for LTE-Advanced UEs.

· CSI RS embedded within PDCCH 
· CSI RS embedded within PDSCH
In case of CSI RS embedded within PDCCH, relay cannot receive CSI RS since relay shall transmit PDCCH for UE served by relay in the corresponding MBSFN subframe.
The second requirement is related to subframe scheduling for backhaul downlink. Due to the self-interference, relay can receive the transmitted signal from eNB only at the subframes that are allocated for backhaul downlink. Therefore, relay cannot use the CSI RS located at the subframes that are not allocated for backhaul downlink. To be able to measure the time varying wireless channel, relay should receive CSI RS within an appropriate time interval. eNB should allocate backhaul-link subframes for relay to measure time varying channel correctly. The alternative 2 does not have this kind of requirements, but has larger RS overhead.

2.2.2.2 Issues 2: Demodulation RS overhead of high order layer MIMO 
According to the RS design framework of LTE-Advanced UE, we need 8 orthogonal UE specific RS in case of 8 layer MIMO. This incurs very high RS overhead, and decreases system throughput and spectral efficiency. Backhaul downlink requires very high spectral efficiency compared to backhaul uplink because of the following reasons:
· DL spectrum shall support MBMS
· First 2 OFDM symbols can not be used for DL backhaul because of PDCCH transmission
· Traffic volume of DL backhaul would be much higher than that of UL backhaul
One way to decrease RS overhead and increase spectral efficiency is to use non-precoded relay specific RS. For demodulation, relay uses this non-precoded relay specific RS and cell specific RS. In case of 8 layer MIMO, this scheme requires 4 non-precoded relay specific RS, while RS design framework of LTE-Advanced UE requires 8 UE specific RS. In case of less than 4 layer transmission, backhaul downlink uses precoded relay specific RS
Proposal: non-precoded relay specific RS when the number of layers > 4
                  precoded relay specific RS when the number of layers <= 4

3 Conclusion
We have proposed the RS design principle for backhaul downlink and addressed some issues related to RS design of backhaul downlink. The followings are the summary of this contribution.

· We should not preclude using Rel-8 subframes for backhaul downlink.

· In principle the RS design framework for backhaul downlink is the same as that for LTE-Advanced UEs; relay specific demodulation RS and sparse CSI RS
· There are two alternatives regarding CSI RS for backhaul link.
· Alternative 1: Relays generate CSI through CSI RS for LTE-Advanced UEs

· Alternative 2: Relay generate CSI through CSI RS for LTE-Advanced UEs and additional CSI RS for relays

· For the alternative 1, CSI RS for LTE-Advanced UEs should be carefully designed to satisfy some constraints.
· We propose to use non-precoded relay specific demodulation RS and precoded relay specific demodulation RS for high order MIMO and low order MIMO, respectively.
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