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Introduction

Reference sensitivity for relays has been discussed in previous RAN4 meetings [1-2]. In this paper we continue the discussions and highlight a few more issues that need to be considered.
UE and BS definitions

The reference sensitivity is different for the BS and the UE, both from a definition point of view and from a value point of view.  For the BS the reference sensitivity is defined as the signal level that is required to achieve a certain throughput for a specific signal (FRC = fixed reference channel). The FRC is a 25 RB wide channel modulated using QPSK. It is required to achieve 95% of the maximum achievable throughput at the signal level [3]. For narrower channel bandwidths than 5 MHz the FRC is scaled down, but for wider the reference sensitivity should be met for any placement of the 25 RB inside the channel BS (although only a few positions are tested). The signal level is the same for all bands and it scales with bandwidth for the narrower bandwidths. The levels are given in table 1.
Table 1: BS reference sensitivity levels for 10MHz
	 BS class
	Reference sensitivity [dBm] for 10 MHz

	Wide area
	-101.5

	Local area
	-93.5

	Home BS
	-93.5


For the UE the situation is slightly different. The principle is the same, i.e. for a fixed FRC the throughput should be >95% for a certain signal level. The FRC is reasonably similar to the one used for the BS using QPSK with code rate 1/3 [4]. However the width of the FRC depends on channel bandwidth, and also on which band it is. In addition the signal level is dependent on the band. In Table 2 we give some examples for a few bands:
Table 2: UE reference sensitivity levels for 10 MHz channel BW

	Band
	Reference sensitivity [dBm]
	RB used for the FRC

	1
	-97
	50

	8
	-94
	25

	12
	-94
	20

	19
	-97
	25

	38
	-97
	50


Why are the methods different?

There are some explanations to why the definitions are different for the UE and the BS. The modulation is different for the uplink and downlink, so this will obviously impact the exact design of the FRCs, but as we have seen they are reasonably similar (QPSK code rate 1/3) even though details of course differ slightly. In the end this will mean that identical FRCs cannot be used for the access and backhaul side, although the basic assumptions may be the same.
Another difference is that for BS there are different classes where each class depends on the intended usage scenario. Since the link budget is different for each scenario the reference sensitivity can be different as well. UEs are on the other hand expected to be used in all scenarios and cannot have varying requirements. Though it is possible that other UE categories intended for different usage scenarios, e.g. CPE or high power UEs, will have different reference sensitivity levels.
The main reason is of course implementation specific details though. For the UE there are space constraints and the Duplexer performance varies depending on the band for the space available in the terminal. For the BS there is some more room available so for the “difficult” bands it is possible to use physically larger duplex filters.
Aspects of band specific levels

For relays there are some basic questions that need to be answered before the reference sensitivity requirements can be set.

-
Should reference sensitivity be band specific or generic?

-
How should different power classed be handled?
-
Should the access and backhaul side be treated differently?
The main difference and the trickiest question is whether the requirements should be specific for each band or not. 

One could argue that the UE has band specific requirements and then the relay could reuse the UE requirements for the backhaul side. On the other hand a relay is expected to be larger than a UE and it is also expected that the more power is available to a relay (typically they are operated of the power grid) we do not see that the same implementation constraints, that influences the UE reference sensitivity level, apply to the relay design.
The BS has a common level and it would be strange to not keep that for the access side. Since the intended use cases for relays are similar and since local area BS has a common level for all bands it makes sense to keep a common level for the relay at the access side at least.

From a cell planning point of view one could argue that networks are planned according to the UE performance and that there is no point in making the relay performance different in the backhaul part since UE performance is what cells are planned for. However the relay usage is different and also the antennas used by relays are different. Also the target throughput for relays is different and thus link budgets become different. We believe the cell planning used for UEs does not apply directly, but would rather need some modification to accommodate relays.
From a specification point of view it is much easier if the requirements are common for all bands. When defining a new band a large potion of the work is to agree on the UE reference sensitivity levels. This is not that strange given the design constraints for the UE, but these design constraints creates a lot of work in RAN4. Thus from a workload point of view it would be nice if relays could have a generic reference sensitivity level.

Finally there is a possibility that the same radio may be used for both access and backhaul, e.g. in a TDD relay, then it would be strange, or at least would imply some extra testing, if different requirements are applied for the backhaul and access side.

Clearly the reference sensitivity level is an issue that needs to be considered further before any consensus can be reached.
Summary

In this paper we have discussed how to define and at what levels reference sensitivity for relays can be done. The main points discussed were:

- 
The reference sensitivity level is the same for all bands for the BS, but band specific for the UE.

-
It is not likely that the exact same measure and test method can be used for the access and backhaul side.

-
Whether reference sensitivity should be common to all bands or band specific is a complex issue that needs further discussion. However there are compelling arguments for using a generic level.
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