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1 Introduction

Document [1] makes the following statements:

1. “Wireless relays could be deployed where small cells / dual cells could not be deployed”;

2. “With respect to small cells, wireless relays feature plug & play installation”;

3. “Wireless relays could decrease deployment cost with respect to small cells”.

Similar claims were made several years ago, when 3GPP extensively studied wireless relays for LTE in Rel-9 [2], and specified them in Rel-10 [3]. Some observations which were made at the time with respect to relays and deployment are still pertinent today for 5G.
2 Discussion
2.1 Deployment Scenarios: Relays vs. Small Cells
It is stated in [1] that “wireless relays and small cells / dual connectivity are not the same”; indeed, these solutions serve different purposes. It must also be pointed out that when relaying was introduced in LTE neither DC nor “small cells” as we know them today were available. Rel-10 relays were the first attempt to address coverage holes. Some hoped that they might address capacity enhancements as well, but that has not been the case: given the fact that a wireless relay may use the same spectrum for backhaul as for access, the total capacity, if anything, decreases. In time, coverage holes were eventually addressed with the “natural” network densification (possibly integrated with deployment-specific solutions for residual cases), while operators focused more on increasing capacity. This led to the specification of DC and small cells in later LTE releases. The same considerations can be applied to 5G, even more so considering that initially one of the most pressing scenarios seems to be a high-capacity “hotspot” (hardly addressable with a wireless relay).
Observation 1: Wireless relays address coverage holes, while DC / small cells address capacity enhancement scenarios.

Observation 2: As network deployment grows, coverage holes are typically addressed by “natural” network densification and deployment-specific solutions.

2.2 “Plug & Play” Installation

The “plug & play” terminology for relays was first introduced by [4] for 5G. In particular, [4] mentioned the following functionality:
1. Discovering and adding nodes;

2. Mesh networking with relay hop;

3. Auto rerouting;

4. Dynamic frequency allocation to access and backhaul link;

The first one is clearly a SON / ANR functionality, widely in use in both macro and small cells. Hence, it is not specific to relays. The following two are related to backhaul, and also in this case a well-functioning transport network can accommodate them; the last one is actually a drawback of relays, since reusing the same spectrum for access and transport leads to decreased efficiency, decreased capacity, and/or increased latency (depending on the type of compromise the operator is forced to go for).

Furthermore, we would like to question the rationale of leaving the above considerations to “plug & play” without adequate planning. For example, any potential donor nodes and their backhaul in a given area will most likely need to be over-dimensioned from the start in order to support such “plug & play” wireless relays. This may more than offset any possible advantages of a “plug & play” concept.
Observation 3: The concept of “plug & play” in an operator-deployed RAN is questionable in real life.

2.3 Deployment Cost: Relays vs. Small Cells

For the most part, real-life deployment cost for a RAN is made up of civil works, equipment practice and power, building permissions, and other “mundane” items. This proves to be almost always the most critical obstacle to network densification.

In this respect, wireless relays, small cells and even Wi-Fi hotspots are very similar. The only cost which is missing in a relay deployment is the cost of connectivity to the core network, which however is not a significant part with respect to the above. Given the above considerations on deployment scenarios, this cost advantage appears questionable.
Observation 4: The potential cost advantage of relays over e.g. small cells is only due to the missing connectivity to the core network; given the above considerations on deployment scenarios, this advantage appears questionable.
Proposal: Capture the above considerations and observations in the TP below.
3 Conclusions and Proposals
We have presented some of the considerations which were made for wireless relays in LTE; such considerations still hold true for 5G. We observed the following:
Observation 1: Wireless relays address coverage holes, while DC / small cells address capacity enhancement scenarios.

Observation 2: As network deployment grows, coverage holes are typically addressed by “natural” network densification and deployment-specific solutions.

Observation 3: The concept of “plug & play” in an operator-deployed RAN is questionable in real life.

Observation 4: The potential cost advantage of relays over e.g. small cells is only due to the missing connectivity to the core network; given the above considerations on deployment scenarios, this advantage appears questionable.
We propose:

Proposal: Capture the above considerations and observations in the TP below.
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Editor’s notes: Capture wireless relay related aspects.
13.1 Scenarios
The relevance of the following scenarios for wireless relay in 5G RAN should be considered.
-
Single-hop stationary relay
-
A relay node may connect to a donor node through wireless backhaul to extend network coverage.  Wireless relays address coverage holes, while dual connectivity / small cell address capacity enhancement scenarios. As network deployment grows, coverage holes are typically addressed by “natural” network densification and deployment-specific solutions. Relay nodes may also be used for network densification and coverage extension, but with a capacity loss at the donor; this is not the case with macro densification, dual connectivity and small cells.
-
Multiple-hop relay
-
Due to the limited coverage of a relay node, it may need to consider the support for multiple hop relay to extend network coverage. In this case, the traffic may be transmitted via one or more intermediate relay nodes, i.e. hop by hop. The relevance of this scenario with respect to e.g. mm-wave bands (which severely limit the coverage area), small cell and dual connectivity user cases, should be analysed.
-
Multiple donor relay
-
To further improve the bandwidth, a relay node may connect to multiple donors. The relevance of this scenario with respect to e.g. small cell and dual connectivity use cases, should be analysed.
-
Mobile relay:

-
A relay node may be deployed on a vehicle, and provides wireless connectivity service to end user inside the vehicle. The relay node’s donor node may be changed, e.g. moving across the coverage of different donor node. The relevance of this scenario with respect to previous studies in LTE should be considered; furthermore, the feasibility of this scenario with respect to the physical layer should be evaluated by the appropriate WG(s).
