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1. Introduction

A Type I relay node (RN) has been decided in RAN1#56, which appears to a UE as a separate cell distinct from the donor cell [1] 

 REF _Ref224534009 \r \h [2]. Regarding the resource partitioning on the backhaul link, it has been agreed in [1] as:

General principle for resource partitioning at the relay:

· eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

Multiplexing of backhaul links in FDD:

· eNB → RN transmissions are done in the DL frequency band

· RN → eNB transmissions are done in the UL frequency band

Multiplexing of backhaul links in TDD:

· eNB → RN transmissions are done in the DL subframes of the eNB and RN 

· RN → eNB transmissions are done in the UL subframes of the eNB and RN
For TDD, besides the above agreements, there are a few other backhaul transmission schemes [4][5][7], all of which, however, do not fully comply with the agreed principle that “eNB → RN transmissions are done in the DL subframes of the eNB and RN” and “RN → eNB transmissions are done in the UL subframes of the eNB and RN” for TDD in LTE-A. In addition, different types of interference may exist for the schemes in [4][5][7], which may impact transmissions not only in the relay cell, but also in the macro cell. In this contribution, we analyze the proposals in [4] [5] [7] separately with the latest channel model agreed in [1].

2. Discussion
To avoid self-interference, a relay node is assumed to operate in a half-duplex fashion. Therefore, a set of DL/UL subframes shall be used for DL/UL backhaul transmissions, while the corresponding subframes in the access link are blocked (e.g. by RN configuring the DL backhaul subframes as MBSFN subframes in its cell). In TDD, subframe 0, 1, 5, 6 cannot be configured as DL backhaul subframes. Therefore, TDD DL/UL subframe configuration 0 cannot support Type I relays. In addition, TDD DL/UL subframe configuration 5 may not support relays either, since there is only one UL subframe per radio frame. The proposals in [4][5][7] aim to provide more opportunities for backhaul DL/UL transmissions in TDD. Unfortunately, some significant interference can arise in those schemes.
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Fig. 1: eNB and RN location

When evaluating the interference levels, only the interference from one neighbor cell is considered in this contribution. Therefore, the inter-cell interference (ICI) obtained is at the minimum level. Further, in our simulations, the RN placement is shown in Figure 1. 
2.1. Applying different TDD configurations in the backhaul link and the access link
The solution in [4] advocates using different TDD configurations in the backhaul link and the access link, and MBSFN subframes need to be allocated only in the access link. The MBSFN subframes could be used for DL or UL transmissions in the backhaul link, which is named as DL and UL MBSFN subframe respectively.
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Fig. 2: Interference scenario

This solution is beneficial in some aspects. For example, TDD DL/UL subframe configuration 5 can be used for relaying without HARQ feedback loss. However, the issue of interference cannot be neglected in the UL MBSFN subframes. As shown in Fig. 2, two types of interference exist:

· Type I interference: the uplink transmission of macro UEs in the neighbor cell is interfered by the access link transmission of relay
· Type II interference: the reception of PDCCH for relay UEs is interfered by the uplink transmission of macro UEs in the neighbor cell
2.1.1 Type I interference
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Fig.3a                                                               Fig.3b
Fig. 3: Received SINR of uplink subframe of macro UEs in the neighbor cell
Fig. 3 shows the simulation results with UEs in neighbor cell dropped uniformly. It is observed that almost all macro UEs’ SINRs are below 0dB. Hence the UL transmission in the macro cell cannot work properly due to the significant interference from the relay.
2.1.2 Type II interference
In Fig. 4, y-axis denotes the distance between RN and relay UEs, and x-axis denotes the distance between relay UEs and macro UEs in the neighbor cell. For example, the value at the coordinates of (40, 20) in Fig. 4b denotes the PDCCH received SINR for a relay UE, which is 20m away from the RN and 40m away from a macro UE in the neighbor cell. Fig. 4 indicates that the received PDCCH SINR higher than -2dB (for PDCCH demodulation requirements) can only be achieved in a small area with a 35m radius. Considering the normal cell radius served by RN is about 46m, the PDCCH coverage is not sufficient in the relay cell.
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Fig.4a                                                                          Fig.4b

Fig. 4: Received SINR of PDCCH of UEs attached to RN
To reduce the type II interference, donor cell can block the UL transmission of macro UEs in the UL MBSFN subframe by not scheduling them, which lowers the spectral efficiency in the macro cell. In addition, this solution cannot be applied in TDD DL/UL subframe configuration 0.
2.2. UL subframe stealing 

An UL subframe stealing method is proposed in [5], which uses UL subframes for DL backhaul transmissions. This solution may be beneficial to some TDD configurations without enough DL subframes for backhauling, e.g. TDD configuration 0. However, the inter-cell interference between DL and UL transmissions may also arise.
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Fig. 5: Inter-cell interference scenario for UL subframe stealing

As shown in Fig. 5, the donor cell steals some UL subframe for eNB-to-RN transmission. This may impact the UL transmission of a macro UE in the neighboring cells. To avoid the inter-cell interference between DL and UL, neighboring cells can block the UL transmission, even though there is no relay node deployed. This leads to resource waste. In detail, the following type of interference exists in this method, as shown in Fig. 5.

· Type III interference: the eNB’s uplink reception in the neighboring cell is interfered by the DL backhaul transmission.
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Fig.6a                                                               Fig.6b

Fig.6: Received UL SINR at the eNB in neighboring cells

Fig.6 shows the simulation result, where the highest SINR is at the eNB site. Fig. 6a shows the three dimensional results of eNB UL received SINR in neighbor cells. Fig. 6b shows the eNB UL received SINR in neighbor cells with different UE positions. It is observed that almost 40% of the area has an SINR lower than -5dB, which is about the minimum required SINR for PUSCH demodulation [8]. Therefore, with the interference from the DL backhaul, the PUSCH transmission in a neighboring cell cannot be correctly demodulated in nearly half of the cell area. Note that only one interfering DL backhaul transmission is considered in the simulations.
2.3. Special subframe for backhaul transmissions
In [7], the special subframe may be used for backhaul transmissions by using a portion of the guard period (GP). This solution has no impact on DL or UL HARQ timing without any HARQ process loss, which is apparently desirable. On the other hand, it is necessary to consider the network deployment complexity and the possible inter-cell interference between DL and UL.
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Fig. 7: Inter-cell interference scenario
· A cell with a large radius does not have sufficient GP for backhaul transmissions;

· When neighboring cells are configured with different special subframe patterns, inter-cell interference between DL and UL can arise, as shown in Fig. 7. The interference level is similar to that in Fig. 5;

· To avoid the above inter-cell interference, neighboring cells shall been configured with the same special subframe pattern, which degrade transmission efficiency in some cells without relay node deployment.

In summary, this solution requires careful network planning, which increases the deployment complexity.
3. Conclusions

In this contribution, we discuss several additional options [4] [5] [7] for relay backhaul resource partitioning. It is observed that significant interference or network deployment complexity may exist for those options. Therefore, our current preference is not to include those options as possible Type I relay backhaul resource partitioning schemes and keep the common backhaul transmission scheme design for LTE-A FDD and TDD.

4. References

[1]. TR 36.814  v1.5.2, Relaying functionality

[2]. R1-091112, “Text proposal on type 1 relaying”, Ericsson, Athens, Greece, February 9-13, 2009
[3]. R1-084357, “Efficient support of relays through MBSFN subframes”, Ericsson, Prague, November 10-14, 2008
[4]. R1-090734, “Considerations on TDD Relay”, Nokia, Nokia Siemens Networks, Athens, Greece, February 9-13, 2009

[5]. R1-090665, “UL subframe stealing for in-band relaying in TDD mode”, LG Electronics, Athens, Greece, February 9-13, 2009

[6]. R1-090638, “Simulation Methodology Discussion for Relay Study”, ZTE, Athens, Greece, February 9-13, 2009

[7]. R1-091346, “Relay Design for LTE-A,” Motorola, Seoul, South Korea, Mar 23-27, 2009
[8]. 3GPP TS 36.104

5. Annex A. 
Table.1 Simulation Assumptions

	Inter-cell distance(m)
	500

	Minimum distance between eNB and the UEs in the neighbor cell(m)
	10
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