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1. Introductions
In recent meetings, RAN1 had discussions on UL/DL band swapping [1] and UL subframe stealing [2] where an eNB transmits backhaul signal to an RN using UL resources. Some companies suspected in RAN WG1 #56bis meeting that there might be a regulatory issue in these relaying schemes. In this contribution, we clarify that such potential regulatory issues are commonly applicable to wireless relaying operation itself rather than UL/DL band swapping or UL subframe stealing.

2. Discussions

2.1. eNB vs. RN 

In 3GPP RAN1, various types of RNs were discussed. Among them, a Type-1 RN has an independent cell ID, forms a new cell, and fully supports a regular hand-over operation. In other words, the Type-1 RN is nothing but a cost-effective eNB which is typically characterized by a smaller PA and a lower antenna height and resorts to a wireless connection to another eNB for being eventually connected to a core network. It inherits all the functions of a traditional eNB and supports transmitting and receiving on both DL and UL resources.
Once a type of eNB called “Type-1 RN eNB” is allowed to transmit on both DL and UL resources, it does not make sense to claim that another type of eNB called “donor eNB” is prohibited to provide such operations by regulation. The following arguments on the interpretation of bilateral interfaces of Type-1 RN further convinces that it is not a regulatory issue but a standard specification issue to determine whether we allow a certain type of eNB to transmit on both DL and UL resources.
From this point of view, we may revisit the configuration pairing proposed in [3] with regard to the regulation issue. In the configuration pairing scheme, a Type-1 RN eNB in a cell (created by the RN) transmit its signal on a subframe which is a UL resource in another cell (created by its donor eNB). This operation shares with the methods in [1] and [2] a common feature that an eNB transmits on a UL resource of another cell. In addition, it further allows a UE in a neighbour cell to transmit its signal on a subframe which is a DL resource in the cell created by the RN. Thus, if it is not against the regulation to set different DL/UL configurations for different cells in a network, the same rationale should be applied to the other cases including the methods in [1] and [2].  
2.2. Specification Issues vs. Regulatory Issues
A Type-1 RN is basically connecting a donor eNB and a UE and it may potentially be extended to provide connections for “donor eNB and RN”, “RN and RN”, or “RN and UE”. Therefore, an RN shall essentially provide bidirectional interfaces and thus it is regarded as the integral of two network entities. Note that it is not a regulatory issue but a specification issue whether a certain wireless standard supports RN-to-RN connections, multi-hop relaying operations (with greater than two hops), UE relays, or any other advanced features. There are different views on these bidirectional interfaces or constituent entities:

· [View 1] RN as “eNB”+”UE”, where an RN is an eNB when communicating with a UE while it is regarded as a UE when communicating with a donor eNB. With this viewpoint, we need to additionally introduce the concept of “superordinate node” and “subordinate node” if we should support multi-hop hierarchical connections. Furthermore, there may be confusions in terms of interface when supporting peer connections between RN and RN. See Figure 1.
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Figure 1. Ambiguity of RN-RN Interface when RN is regarded as “eNB”+”UE”.

· [View 2] RN as “eNB”+”eNB”, where an RN is an eNB when communicating with a UE and it is regarded as an eNB as well when communicating with a donor eNB. We do not have to introduce a new hierarchy among network nodes and the RN-to-RN connection is defined in the same way as the donor eNB-to-RN connection. Donor eNB may be regarded as a special type (or, a terminating type) of RN which provides wireless interfaces for an RN or a UE but a wired connection for a core network. See Figure 2.
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Figure 2. Donor eNB regarded as a special RN eNB (connected to a core network) when RN is regarded as “eNB” + “eNB”.
Depending on different views of bidirectional interfaces of a Type-1 RN, we may specify the LTE-Advanced standard so that a donor eNB can or cannot utilize both DL and UL resources for transmission while a Type-1 RN eNB can always do so. On the other hand, it is not an issue to be determined by regulation any more once the regulation allows a type of eNB (i.e., Type-1 RN) to transmit on both DL and UL resources. Certainly, the regulation specifies maximum transmit power spectral density or ACLR for each device or spectrum resource.
It is noteworthy that a similar regulation issue is raised if we think about a potential introduction of “UE relay” (i.e., a UE which can relay signals from/to another UE). In View-1 described above, a UE relay will naturally transmit on a DL resource when forwarding a DL signal to a UE, which will lead to a violation of regulation if we apply the logic that it violates regulation for an eNB to transmit on a UL resource. A standard might be specified so that it does not support the UE relay in consideration of the potential UE-to-UE interference, but it is not an issue of regulation. 

Another potential evolution related to this issue is to upgrade a Femto eNB so that it is connected to a mobile core network via a macro eNB (through in-band wireless connection) on top of an internet service provider’s network. The Femto eNB will transmit on a UL resource whenever it redirects the path of the UL packet to a macro eNB. See  Figure 3.
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Figure 3. Femto eNB connected to a macro eNB via wireless backhaul link.
2.3. Case Review Related to Relay (Korean Regulations)
We have searched Korean regulations related to transmissions of wireless devices. IMT2000 FDD mode in 1920~1980 MHz and 2110~2170 MHz is considered as an example. The maximum transmission power of base station at each designated frequency band is 44 dBm (25 W) in 1920~1940 MHz and 2110~2130 MHz. It is 46 dBm (40 W) for the other frequency bands. The transmission power of user terminal is limited to 33 dBm (2 W). Relay station is subject to the regulations imposed on base station.
We may adopt wireless relaying and eNB-to-RN backhauling in UL resource without any change in the current regulation as it is evident that base station and relay station will use lower transmission power in UL band than the current maximum power limit. However, it would be better to amend the current regulations because, under the current regulations, we cannot restrain base station and relay station (including the fake MBSFN case proposed in [4]) from using very high transmission power in UL band which may deteriorate the UL performance. One simple way of the amendment is to distinguish the transmission resource in applying the corresponding regulations. For example, base station and relay station are subject in common to the regulation currently imposed on base station if they transmit on a DL resource; a different regulation with lower maximum transmission power is applied in common if they transmit on a UL resource. Note that a UE-compatible transmission power (e.g., around 7 dBm at 10 MHz bandwidth) is sufficient to support eNB-to-RN backhauling in a UL resource [5].
3. Conclusions
We have discussed some potential regulatory issues of eNB-to-RN backhauling that utilizes a UL resource. Based on analyses of various relaying examples and a related regulation, we conclude that the utilization of available DL/UL resources for transmission by eNB or RN is a standard specification issue rather than a regulatory issue, while the maximum transmit power of each device may be determined by regulation. We also note that the specification of available resources for an in-band backhaul link is strongly related to the view on RN and its interfaces. Several issues that may arise in the future evolution of RN can naturally be resolved if we regard a Type 1 RN and a donor eNB as special types of eNB. _____________________________________________________________________
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