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1. Introduction
RAN4 had some discussions on the regulation and coexistence issues of LTE-Advanced relaying systems in the last meeting based on the LS from RAN1 [1-4], but did not reach an agreement. This contribution provides several points that should be considered in discussing these issues.

2. On the eNB-to-RN Backhauling in UL Resource
As discussed with some system-level simulation results in [2], it seems difficult for Type I relay in the current TR 36.814 to achieve meaningful performance gain (e.g., less than 5 % gain both in the system throughput and 5-percentile UE throughput). This is because Type I relay in the current TR 36.814 suffers from serious backhaul shortage problem due to the half-duplex and inband operation which implies that the backhaul link which connects the donor eNB and RN shares the donor cell resource with the links of the UEs that are directly connected to the donor eNB. It is also discussed in [2] that this backhaul shortage problem becomes more serious in some TDD configurations which have only a few MBSFN-configurable DL sub-frames in a single radio frame.
The simulation results in [2] also showed that eNB-to-RN backhauling in UL resource (also called UL/DL band swapping or UL subframe stealing [5, 6]) which is illustrated in Figure 1 gives considerable DL throughput gain (e.g., about 30 % gain both in the system throughput and 5-percentile UE throughput). Therefore, we believe that this eNB-to-RN backhauling in UL resource can be an effective solution to the backhaul shortage problem of the Type I relay currently agreed in RAN1. Also, we suggest that RAN4 study the issues raised by supporting this method (e.g., in the perspective of the regulation and/or coexistence) in relation with Type I relay which has similar issues as will be discussed in the following section. 
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Figure 1. Illustration of eNB-to-RN backhauling in UL resource
3. Regulation Issues in Supporting Type I Relay (Focusing on Korean Regulations)
During the discussions in the last meeting, an issue was raised that the currently agreed Type I relay may have regulation issues similar to the case of eNB-to-RN backhauling in UL resource. This is because the two cases share a common feature that a device which appears as an eNB to UEs transmits signals in UL resource.

We have searched Korean regulations related to transmissions of wireless devices. According to the current regulations applied to the devices operating in 1920~1980 MHz and 2110~2170 MHz, a device that relays the communication between base station and mobile station should meet the conditions imposed on base station in the aspects of the maximum transmission power and spurious radiation. This implies that the current regulation is written without considering the transmission of relay stations in UL frequency band and, if the currently agreed Type I relay is introduced without any amendment, the UL signals of UEs (in the same or different system) may be seriously interfered by the relay’s UL transmissions which is not subject to proper regulations. We note that the current regulations cause no problem if the relay station is connected to base station with wireline like the case of optical repeater.
Therefore, we think that Type I relay in TR 36.814 does have some regulation issues at least in Korea and we suggest that RAN4 study these issues further altogher with the case of eNB-to-RN backhauling in UL resource.

4. Commonality in Dealing with Regulation and Coexistence Issues
As discussed in the last meeting and the above sections, each of eNB-to-RN backhaluing in UL resource and the UL backhaul transmisssion of Type I relay has regulation and coexistence issues that should be resolved for the operaiton. Considering that different countries or regions have different regulations, one may have concern that it would be too much burden if RAN4 should cover all the issues related with both cases. 

Fortunately, these exist some commonalities in dealing with regulation and coexistence issues of these two transmission cases. Again, this is because the two cases share a common feature that a device which appears as an eNB to UEs transmits signals in UL resource. Figure 2 shows such an example – the worst case inter-system interference in UL resource. Figure 2(a) depicts the case of eNB-to-RN backhauling in UL resource where eNB in system 1 induces interference to a closely located eNB (or RN) in system 2 which is receiving UL signal from UEs. Figure 2(b) is for the case of UL backhaul transmission of Type I relay where RN in system 1 interferes with the UL signal reception of a closely located eNB (or RN) in system 2. As there is no restriction on the eNB-eNB, eNB-RN, RN-RN distance, the level of the worst case inter-system interference will be similar in both cases if the transmitters (eNB in system 1 in Figure 2(a) and RN in system 1 in Figure 2(b)) operate under the same regulation and RF specification.
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Figure 2. Worst case inter-system interference in (a) eNB-to-RN backhauling in UL resource, (b) UL backhaul transmission of Type I relay
Thus, if the commonalities between the two cases are effectively taken into consideration, we will be able to cover all the related issues with acceptable time and effort. So, we suggest that RAN4 study and deal with regulation and coexistence issues of eNB-to-RN backhaluing in UL resource and the UL backhaul transmisssion of Type I relay in a common framework. One way is to make a single RF specification (and the corresponding regulation amendments) that is commonly applied to the both cases, i.e., both of eNB’s transmission and RN’s transmission in UL resource.
5. Conclusions
This document discussed several regulation and coexistence issues introduced by LTE-A relay. We think that eNB-to-RN backhauling in UL resource is an effective solution to the backhaul shortage problem that should be solved in order to achieve meaningful performance gain of relaying system. Some regulation and coexistence issues should be resolved to support this eNB-to-RN backhauling in UL resource, but considering the commonality with Type I relay in TR 36.814 that a device which appears as an eNB to UEs transmits signals in UL resource, these issues can be dealt with in a common framework altogether with Type I relay.
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