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1. Introduction

In this meeting, RAN4 received an incoming RAN1 LS on eNB-to-RN Backhauling in UL Resource, namely UL subframe stealing scheme [1]. In this liaison statement, RAN4 is asked to give feedback on the regulatory aspects of the UL subframe stealing scheme. This contribution gives our views on this topic.

2. Discussion
In LS [1], it is pointed out that, 

During the study of relay in LTE-Advanced, RAN WG1 has discussed on the feasibility of eNB-to-RN backhaul transmission in UL resource. Here, the UL resource implies UL carrier in FDD mode and UL subframe in TDD mode. So, when eNB-to-RN backhaul transmission in UL resource is adopted in a relaying system, donor eNB does its backhaul transmission to RN on its UL carrier/subframe and RN does backhaul reception from donor eNB on that UL carrier/subframe [2, 3]. In the course of the discussion, a question is raised whether there is a regulatory issue in eNB’s transmission on its UL carrier/subframe even though the transmission power is restricted to a UE-compatible level (e.g., with maximum transmission power limit of 24 dBm) by the 3GPP specification [4].

An UL subframe stealing method is proposed in [2, 3] respectively for FDD and TDD, which uses UL carriers/subframes for DL backhaul transmissions. This solution may be beneficial in some aspects, e.g. the UE can continuously monitor the CRS of an eNB or a RN without interruption due to backhaul transmission. However, the serious inter-cell interference between DL and UL transmissions may also arise. And this may also violate the spectrum regulation of the administration. 

Usually when a FDD band is regulated, the band range as well as the duplex direction is determined together, other type of duplex direction than the regulated one is not permitted. E.g. uplink transmission and downlink transmission are only permitted in each band according to the regulation. The main purpose of duplex direction regulation is to avoid possible cross interference between uplink and downlink transmission with other system or services. For TDD, it is slightly different with FDD from regulation point of view; uplink and downlink are transmitted within the same band in a time multiplexing mode. However using UL subframe for eNB-to-RN backhauling may also results in interference issue. 

· Inter system interference

Figure 1 gives an uncoordinated deployment scenario composed of two mobile networks. UL carrier/subframe stealing scheme will cause serious BS-to-BS interference problem in this case since the neighbour BS1’ may be receiving when BS1 using UL carrier/subframe for eNB-RN downlink backhauling. The CL between BS1 and BS1’ will be in the range of 30~67dB depending on the distance between them. Then based on 24dBm transmission power of BS1, the blocking interference signal level at BS1’ is -6dBm ~ -43dBm, most of which exceeds the blocking level of -43dBm defined in [5]. In the worst co-location case, it will put an additional filtering requirement of 37dB to BSs in network 2 in order not to be blocked by signals from network 1 BSs. Also in order not to degrade the receiver sensitivity of BSs in network 2 the spurious emission level of BSs in network 1 should also be limited. Considering the worst co-location case, the spurious emission level should be below Ispurious =-174dBm/Hz+60dB+5dB-7dB+ 30dB=-86dBm/MHz, which is a very stringent requirement for equipment operating in the same band.

Interference problem will be even larger if the eNB using larger transmission power for eNB-RN backhauling. For the worst co-location case, blocking level will be 0dBm, which puts an additional filtering requirement of 43dB for BSs.
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Figure 1 Inter-system interference scenario

· Intra system interference

Using UL carrier/subframe stealing scheme causes problems even within the same network. As shown in figure 2 transmission of eNB1 will cause interference to eNB2 and the SINR at eNB2 will be affected. 
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Figure 2 Intra-system interference scenario
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Fig.4a                                                               Fig.4b

Fig 3: Received UL SINR at the eNB in neighboring cells

Figure 3 gives evaluation on inter-cell interference due to eNB-to-RN transmission in UL subframe, where the highest SINR is at the eNB site. Fig. 3a shows the three dimensional results of eNB UL received SINR in neighbour cells. Fig. 3b shows the eNB UL received SINR in neighbour 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 in neighbouring cell will be affected. Note that only one interfering DL backhaul transmission is considered in the simulations.
3. Conclusion

This document gives analysis on UL carrier/subframe stealing scheme in relay system. This document gives analysis on UL carrier/subframe stealing scheme in relay system. It is shown that the proposed scheme will cause serious interference problem for both FDD and TDD, and will violate the spectrum regulation in some cases and. It is proposed to consider the analysis when drafting the reply LS for [1]. 
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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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