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1. Introduction

In 3GPP RAN1 #54bis meetings, there was a proposal for the introduction of blank subframes in LTE Rel-8 [1]. This proposal is to provide the LTE rel-8 UE’s backward compatible measurement operation for relay in LTE-A FDD mode when a simultaneous transmission and reception of a relay node in the same carrier band is not allowed due to RF limitation, i.e. self-interference from Tx signal to Rx signal at the RF front-end. After active discussion in 3GPP RAN1#55 and RAN#42 [2-11], an extended MBSFN configuration with the unicast PDCCH symbol(s) instead of blank subframe has been agreed in LTE Rel-8 specification. This agreement still has the premise of not supporting a relay node’s simultaneous transmission and reception within the same carrier band. However, we did not make any agreement for the Tx/Rx operation details of the relay node especially in LTE-A FDD mode. 
In the contribution, we provide two discussion points for relay node’s Tx/Rx operation focusing on the FDD mode case, and introduce several consideration points to be investigated further.
______________________________________________________________________
2. Subframe Configuration for Relay Node Transmission and Reception
When we consider a minimized impact on the conventional transmission and reception (Tx/Rx) of eNodeB and UE caused by the introduction of relaying functionality in LTE-advanced system, a basic relay link configuration on FDD mode using downlink and uplink carrier bands is illustrated in Figure 1. 
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Figure 1
Basic relay link configuration and Tx/Rx functionality of eNodeB / UE / relay node

In the backhaul link and the access link, the eNodeB and the UE can maintain the same Tx/RX operation as the conventional eNodeB - UE link, i.e. transmission on downlink carrier band and reception in uplink carrier band in an eNodeB, and transmission on uplink carrier band and reception in downlink carrier band in a UE. However, the relay node in the LTE-A FDD system is generally required to be equipped with transmission and reception capability in both downlink and uplink carrier bands as shown in Figure 1.
Based on the Tx/Rx condition of the relay node described above, two basic but important subframe allocation cases for the relay node Tx/Rx need to be considered about whether these cases are allowed in a relay node. (In the following description, the meaning of “simultaneous transmission and reception” is the overlapped subframe allocation for relay node Tx/Rx on the same or different carrier band(s).) 
· Simultaneous transmission and reception of relay node within the same carrier band

In this subframe allocation case, a relay node receiving control/data from an eNodeB may transmit control/data to relay UEs in the same downlink subframe, and a relay node receiving control/data from relay UEs may transmit control/data to an eNodeB in the same uplink subframe. Considering implementation complexity and processing overhead, the following two challenging points for these Tx/Rx cases in a relay node have to be carefully taken into account; 
· Significant self-interference at the RF front-end in a relay node: The simultaneous Tx/Rx process within a IFFT/FFT frequency region may cause a significant amount of interference on a relay node’s received signal due to a self loop-back effect of the relay node’s transmitted signal unless a relay node are equipped with a suitable interference suppression method, e.g. a sufficient gap between frequency resource bands for relay node’s Tx/Rx, spatial isolation of relay node’s Tx antennas and Rx antennas for the corresponding carrier band, and powerful interference cancellation which makes the power level of self-interference signal much less than that of the desired RX signal in a relay node. Moreover, the inevitable drawbacks due to the introduction of these interference suppression methods, e.g. scheduling restriction, deployment restriction/cost, and additional processing overhead/complexity should be minimized to provide a feasible Tx/Rx operation in the relay node.
-         RS/Control channel multiplexing between separate transmission points (eNodeB and relay node) within a downlink subframe: To efficiently resolve the impact of interference (or resource collision) due to simultaneous transmission from an eNodeB and a relay node, a kind of resource multiplexing would be required for physical data channels and its associated physical RS/control channels generated by multiple separated transmission points (i.e. eNodeB & relay node on downlink carrier band and UE & relay node on uplink carrier band) within a subframe. If the same PDSCH/PDCCH/RS design as the conventional LTE downlink subframe is assumed to be reused at the access link for the purpose of backward compatibile support for LTE Rel-8 UEs, a new PDSCH/PDCCH/RS design should be necessary for backhaul downlink subframe to avoid the impact of interference (or resource collision) between Relay link & backhaul link, which may cause larger system overhead and complexity.
Considering an increase in system complexity/overhead caused by the support of this subframe allocation case, our technical view is that the separate subframe allocation for the relay node’s transmission and reception on the same carrier band would be beneficial to keep implementation complexity and system overhead reasonable.
· Simultaneous transmission or reception of a relay node on the different downlink and uplink carrier bands 
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Figure 2
Simultaneous transmission/reception cases of a relay node on the different carrier bands
In this subframe allocation case, a relay node simultaneously can receive control and data through both downlink carrier band from an eNodeB and uplink carrier band from relay UEs as shown in Figure 2. On the other hand, a relay node also simultaneously can transmit control and data through both downlink carrier band to relay UEs and uplink carrier band to an eNodeB. Different from the TDD mode system, the characteristic of carrier band separation between downlink and uplink in the FDD mode system is very likely to make this relay node’s Tx/Rx operation more feasible.[12] Though some further consideration would be necessary to check whether there is a substantial issue in implementation, the allowance of this Tx/Rx operation of a relay node eventually provides an independency in subframe allocation between downlink and uplink carrier bands, which results in less scheduling restriction in terms of downlink and uplink subframe allocation for relay node Tx/Rx process. That is, the scheduler does not need to consider the status of subframe allocation on uplink (downlink) carrier band when it allocates a subframe on the downlink (uplink) carrier band to the backhaul link or the access link. Therefore, our proposal is that this Tx/Rx operation in a relay node can be allowed to give a scheduling flexibility in subframe allocation if it does not cause any problem in the implementation of a relay node. 
______________________________________________________________________
3. Support for the measurement behaviour of LTE Rel-8 UEs
As described in TR36.814, RAN1 was agreed to support LTE Rel-8 UEs in a relay zone of the LTE-A system. If it is agreed that the separate subframes are allocated to the backhaul link and the access link on the same carrier band, the characteristic of the legacy LTE UE’s measurement through the contiguous downlink subframes becomes hard to be supported. In the previous RAN1 #54bis/#55 meetings and the last RAN plenary meeting, some active discussion about how to support LTE Rel-8 UEs in a relay zone from the viewpoint of LTE Rel-8 specification were made, and 3GPP RAN eventually agreed to an extended configuration of MBSFN subframes except zero PDCCH symbol case. However, we don’t have any sufficient discussion time for the details in the link configuration and Tx/Rx procedures related with this issue from the viewpoint of LTE-A specification. Even if the proposed MBSFN configuration is assumed to be applied to the legacy LTE Rel-8 UEs, we still have several discussion items listed as follows:
· A new HARQ procedure design at the backhaul link considering non-available MBSFN subframe allocation to the subframe indices #0,4,5,9 in a radio frame
· An measurement impairment due to less CRS density in an MBSFN subframe
· Possibility of resource waste in the PDCCH region of MBSFN subframes [13] 

Further consideration on detailed aspects for an optimized relay procedure design based on the extended MBSFN configuration still seems to be needed, and the feasibility of DL/UL band swapping [13-15] at the backhaul link also has to be investigated as an alternative solution for supporting LTE Rel-8 UE’s backward compatible measurement behaviour.
______________________________________________________________________
4. Summary
The main proposals and viewpoints can be summarized as follows:
· A separate subframe allocation for the relay node’s transmission and reception on the same carrier band would be beneficial to keep implementation complexity and system overhead reasonable.
· Simultaneous transmission or reception of a relay node on the different downlink and uplink carrier bands can be allowed to give a scheduling flexibility in subframe allocation if it does not cause any problem in the implementation of a relay node.

· Not only detailed aspects for an optimized relay procedure design based on the extended MBSFN configuration but also the feasibility of DL/UL band swapping at the backhaul link as an alternative solution have to be investigated further in LTE-A study item phase.
______________________________________________________________________
References
[1]
R1-083817, “Specifying blank subframes for efficient support of relays”, Qualcomm Europe
[2]
R1-084385, “Specifying blank subframes in Rel-8”, Qualcomm Europe
[3]
R1-084384, “Support of Rel-8 UEs by LTE-A relays”, Qualcomm Europe
[4]
R1-084325, “Backward compatible implementation of Relaying”,
Nokia Siemens Networks, Nokia
[5]
R1-084357, “Efficient support of relaying through MBSFN subframes”, Ericsson
[6]
R1-084412, “LTE signaling to support Relay operation”, Motorola
[7]
R1-084460, “Supporting relay for Rel-8 UE in downlink”, Nortel
[8]
R1-084515, “Comparing relay support for MBSFN and blank subframes”,
Qualcomm Europe
[9]
R1-084538, “LS on forward compatibility support in Rel-8”, TSG-RAN WG1
[10]
R1-084686, “WF on addressing forward compatibility in Rel-8”, AT&T, CMCC, InterDigital, Orange, Qualcomm Europe, RIM, Telecom Italia, Telefonica, T-mobile, Vodafone
[11]
RP-081109, “Report of adhoc session on blank sub frames”, Qualcomm Europe

[12]
R1-084401, “Operation of relays in LTE-A”, Qualcomm
[13]
R1-090223, “Comparison of in-band relaying methods in FDD mode”, LG Electronics

[14]
R1-090225, “UL subframe stealing for in-band relaying in TDD mode”, LG Electronics

[15]
R1-084206, “UL/DL band swapping for efficient support of relays in FDD mode”, LG Electronics



















































































































































PAGE  
5

