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Introduction
The RAN1 specification for Relays [1] is nearing completion. It is now easier to understand what changes that have been introduced to support Relays. At the same time it is necessary to consider the impacts the RAN1 design will have on RAN4 specifications. 
In this contribution we discuss the RAN1 relay specification from a demodulation performance perspective and some further considerations on how to progress the work on demodulation requirements.
Additional and modified channels in 36.106

In 36.106 one new channel is specified. R-PDCCH. This channel occupies some of the resource elements in OFDM symbol #2.

Since part of the subframe is used for switching the transmitter in the relay only a subset of the OFDM symbols are used for carrying PDSCH, the PDSCH will be mapped to fewer OFDM symbols for eNB-RN communication compared to eNB-UE communication.
Considerations for performance requirements

In the annex a quick summary of the demodulation performance requirements present in the current UE and BS specification are given.
Since the relay access side resembles a BS and the backhaul side of the relay resembles a UE it is reasonable to assume that the default assumption should be that BS and UE requirements can be reused for the access and backhaul side. There is however some things that are relay specific that needs to be considered.

The first and most obvious issue is that the relay supports new channels, i.e. R-PDCCH and the truncated PDSCH. There is a need to specify requirements for these channels. The question is exactly what parameters and configuration options to use. For example the PDCCH is tested using 1, 2 and 4 transmitter antennas in transmit diversity mode.

Some of the UE requirements are defined using channel models that model high velocity scenarios. Since relays are stationary (in release 10) there may be a possibility to exclude some requirements that are for high velocity scenarios. At the same time there may be a need to use other channel models that give realistic channel conditions for the expected relay deployments. For example a relay with line of sight to the BS will not have a highly dispersive channel. One approach could be to use relay specific channel models for the relay specific channels, e.g. R-PDCCH and keep the channel models for the already existing requirements.
To define the best set of requirements a number of factors have to be weighed together. The expected channel responses for typical relay deployments, which configurations that stress the receiver the most and thus ensures satisfactory performance in a wide range of operating conditions and finally what requirements that are already available (saves time). Once this is done it is possible to see if there are additional requirements that need to be developed.

On the access side the relay will be very similar to a BS. Thus most of the BS requirements can be reused. However it is expected that the relay coverage area will be smaller so some of the high speed/large area requirements can be removed for the relay.

Another interesting issue is the support for channel bandwidths. The channel bandwidths supported by the BS is declared by the manufacturer. A UE on the other hand must support all channel bandwidths defined for the band. The main question is whether a relay must be able to support all channel BW like a UE or if that should be declared for like a BS. For an inband relay it will be strange if the access side only supports one bandwidth while the backhaul side supports all bandwidths. This may have an impact on the requirements that are specified. If the relay only supports a subset of the available channel bandwidths there may be need to add additional bandwidth to the already existing UE requirements.
Summary
There is likely to be a few additional performance requirements for the new relay specific channels. However it is necessary to decide on which requirements that can be reused and where new channel models are necessary. In addition it is necessary to decide how support for channel bandwidths should be handled. 
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Annex – Current demodulation requirements for BS and UE

BS requirements

Table: Overview of BS demodulation requirements.

	Channel
	Requirement
	Channel
	Comment

	PUSCH
	Throughput in multipath fading conditions (8.2.1)
	EPA5, EVA5, EVA70, ETU70, ETU300
	ETU70 & ETU300 not applicable for LA and Home BS

	PUSCH
	UL timing adjustement (8.2.2)
	Annex B.4, ETU200/AWGN
	Not applicable for LA and Home BS

	PUSCH
	High speed train throughput (8.2.3)
	Annex B.3, HST channel
	Not applicable for LA and Home BS

	PUSCH
	HARQ-ACK multiplexed on PUSCH (8.2.4)
	EVA5 (LA and Home BS), ETU70 Wide area.
	

	PUCCH
	Format 1a single user. DTX to ACK and missed ACK (8.3.1, 8.3.2)
	EPA5, EVA5, EVA70, ETU70, ETU300
	ETU70 & ETU300 not applicable for LA and Home BS

	PUCCH
	Format 2, Block error (8.3.3)
	EVA5 (LA and Home BS), ETU70 Wide area.
	

	PUCCH
	Format 1a multi user. missed ACK (8.3.4)
	ETU70
	Not applicable to LA and Home BS

	PRACH
	Detection requirement
	AWGN, ETU70
	Only AWGN and normal mode apply for LA and Home BS


The BS requirements are tested for various channel BW, depending on the supported channel BW for the BS. Low correlation assumed for 2 and 4 Rx antennas

UE requirements

Table: Overview of UE demodulation requirements.

	Channel
	Requirement
	Channel
	Comment

	PDSCH
	Demodulation performance for single port TX
	EVA5, ETU70, ETU300, HST, low and high correlation
	Cell specific reference symbols used.

	PDSCH
	1 PRB allocation in presence of MBSFN
	ETU70 low
	Cell specific reference symbols used.

	PDSCH
	2 (and 4) antenna transmit diversity perf.
	EVA5 med, EPA5 med, HST low
	Cell specific reference symbols used.

	PDSCH
	Open loop spatial multplex 2 and 4 Tx antenna
	EVA70 low
	Cell specific reference symbols used.

	PDSCH
	Closed loop spatial multiplexing, single layer 2 and 4 tx
	EVA5 low, EPA5 high
	Cell specific reference symbols used.

	PDSCH
	Closed loop spatial multiplexing, dual layer 2 and 4 tx
	EVA5 low, ETU70 low
	Cell specific reference symbols used.

	PDSCH
	Single layer spatial multiplexing, DRS
	EPA5 low
	User specific reference symbols, TDD only

	PDSCH
	Single layer spatial multiplexing, DM RS
	EPA5 low, EPA5 med
	User specific reference symbols, TDD only

	PDSCH
	Dual layer spatial multiplexing, DM RS
	EVA5 low, EPA5 med
	User specific reference symbols, TDD only

	PDCCH/PCFICH
	Demodulation performance for single port Tx
	ETU70 low
	FDD

	PDCCH/PCFICH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low / EVA5 med
	FDD

	PDCCH/PCFICH
	Demodulation performance for single port Tx
	ETU70 low
	TDD

	PDCCH/PCFICH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low / EVA5 med
	TDD

	PHICH
	Demodulation performance for single port Tx
	ETU70 low
	FDD

	PHICH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low / EVA5 med
	FDD

	PHICH
	Demodulation performance for single port Tx
	ETU70 low
	TDD

	PHICH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low/ EVA5 med
	TDD

	PBCH
	Demodulation performance for single port Tx
	ETU70 low
	FDD

	PBCH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low/ EVA5 med
	FDD

	PBCH
	Demodulation performance for single port Tx
	ETU70 low
	TDD

	PBCH
	2 (and 4) antenna transmit diversity perf.
	EPA5 low / EVA5 med
	TDD


Requirements are channel bandwidth dependent. Thus not all requirements exist for all channel bandwidths. Note that the UE support all bandwidths, but not all bands support all bandwidths.
