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1. Introduction and executive summary

In this paper we provide some further discussion on the different LTE-Advanced candidate technology components outlined in [1]. We also connect these technology components with proposals outlined by other participants at the 3GPP LTE-Advanced workshop. The aim of this paper is to 

· Try to conclude on to what extent certain technology components seem to have a relatively general support in the 3GPP community and can thus already at this stage be regarded as relatively likely components of the  LTE evolution towards LTE-Advanced..
· On some more extensive technology components, such as coordinated multipoint transmission and repeater/relaying functionality, to highlight the fundamental characteristics of the technologies in order to create a framework for future more detailed discussions.
The paper includes a relatively detailed discussion on each technology component in the next section. This discussion and the conclusions are summarized below

1.1. Extension to wider bandwidth

Section 2.1 discusses the extension to wider bandwidth as part of the LTE evolution towards LTE-Advanced. 

It is clarified that such an extension was outlined in most workshop presentations and also covered in the workshop summary. Thus it should be very difficult not to include this as part of the LTE evolution towards LTE-Advanced.
It is also argued that a carrier-aggregation approach to extended bandwidth is the natural choice taking the requirement on spectrum compatibility with LTE release 8 into account. Such a carrier aggregation should be relatively flexible, not only supporting aggregation of the widest carrier bandwidths (20 MHz) but also other combinations.
1.2. Spectrum aggregation
Section 2.1 discusses spectrum aggregation as part of the LTE evolution towards LTE-Advanced. 

It is clarified that also spectrum aggregation was outlined in many workshop presentations and was also covered in the workshop summary thus making it difficult to not include it as part of LTE-Advanced.
It is argued that spectrum aggregation is a natural generalization of carrier aggregation. More specifically, it is argued that there are no reasons to, in the RAN1 layer 1 specifications, impose any constraints that carrier aggregation should be constrained to adjacent component carriers. Rather, similar to the flexible bandwidth of LTE Release 8 specifications, this should be taken care of in the RAN4 specifications by limiting the number of supported combinations.
1.3. Extended multi-antenna solutions
Section 2.3 discusses possible extensions to the LTE release 8 multi-antenna solutions. The conclusions are that 

· Uplink spatial multiplexing, preferably up to four layers, is a very strong candidate for inclusion in LTE-Advanced
· Combined beam-forming and spatial multiplexing is also recommended to be introduced. 

· Higher-order spatial multiplexing for the downlink could be considered but should clearly not be the main focus
1.4. Coordinated multipoint transmission

Section 2.4 discusses Coordinated Multipoint Transmission, a technology “family” proposed by many companies. The fundamental common denominator of these proposals is identified as: 

For the uplink: 
Support for joint processing of signals received at multiple geographically separated points.
For the downlink: 
Support for dynamic coordination in the scheduling/transmission, including joint
transmission, from multiple geographically separate points
For the uplink, the impact on the LTE radio-interface specification seems to be very marginal, if any.
For the downlink, the impact on the radio-interface specification may be of different extent e.g. depending on what approach to take regarding

· Whether or not individual transmission points are visible to and measurable for UEs. 

· Whether or not the target UE is explicitly informed about the details of the coordinated transmission.

Based on these questions, three approaches are outlined: 
	
	Approach A
	Approach B
	Approach C/minus

	Detectability/measurability
	No
	Yes
	Yes

	Downlink signaling of coordination
	No
	No 
	Yes

	Impact on RI spec.
	None
	UE reporting
	UE reporting and downlink signaling


It is concluded that
· Approach A is the baseline vs. which the other approaches should be bench-marked and only if significant gains vs. Approach A are found should other approaches be considered 
· Approach B is preferred vs. approach C, should something more than Approach A be adopted. 
1.5. Repeater/relaying functionality
Section 2.5 discusses the introduction of relaying functionality as part of LTE-Advanced. The differences and characteristics of Layer 1 relay (repeater), Layer 2 relay, and Layer 3 relay (“self-backhauling”) are outlined. The general conclusion is that repeaters (possibly with additional functionality such as detectability and controllability ( “Advanced repeater”) and Layer 3 relays (self-backhauling) serve different purposes and can complement each other, while the additional benefits of Layer 2 relaying are more unclear. It is also outlined what is the potential impact on standardization of these techniques.
2. Discussion
2.1. Extension to wider bandwidth 
In the LTE-Advanced draft requirements [2] it is stated that LTE-Advanced should support spectrum aggregation of scalable bandwidth up to 100 MHz in non-contiguous as well as contiguous spectrum. These statements seem to reflect a consensus among the vast majority of companies that expressed a view on this issue during the workshop. 

Furthermore, it is stated that operation of LTE and LTE-Advanced should be possible in the same spectrum. The meaning of this becomes clear when drawing an analogy to WCDMA R99 and HSPA. There it is possible to provide both Rel99 and HSPA services on the same carrier that both R99 terminals and HSPA-capable terminals can access. 
A primary reason to support wider bandwidth is to be able to achieve the very high peak data rates targeted by LTE-Advanced. However, it is also important to have in mind that wider bandwidth also allows for more power-efficient transmission of high wide-area data rates. This is, in general, a more important target, compared to higher absolute peak data rates.
It has also been pointed out that it is important to assure backward compatibility with LTE. This should also include spectrum compatibility. That would imply that an LTE advanced carrier, wider than 20 MHz, should appear as a number of LTE carriers to an LTE Rel-8 terminal. Each such carrier can be referred to as a Component Carrier. In particular for early LTE-Advanced deployments it can be expected that there will be a smaller number of LTE-Advanced-capable terminals compared to many LTE legacy terminals. Therefore, it is necessary to assure an efficient use of a wide carrier also for legacy terminals, i.e. that it is possible to implement carriers where legacy terminals can be scheduled in all parts of the wideband LTE-Advanced carrier. The straightforward way to obtain this would be by means of carrier aggregation.  

2.1.1 Numerology 

In order to obtain spectrum compatibility in downlink it is necessary to make the extended LTE-advanced carrier fulfill a number of numerology criteria that have already been fixed in Rel-8. Therefore, the following must also be valid for LTE-advanced carriers: 

· Carriers are placed on a 100 kHz grid for easy detection 

· 15 kHz subcarrier spacing
· A resource block is 180 kHz wide and constitutes of 12 subcarriers 

The exact component carrier spacing for aggregated spectrum configuration is up to RAN4 to specify. However, it is likely that RAN4 will in the case of adjacent component carriers (which will be the by far most likely case) specify it in a way so adjacent component carriers will lay on the same 15 kHz grid. This way the same FFT can be used for all component carriers. 

A valid question is what combinations of component carriers should be possible to aggregate beyond the obvious 20 + 20 MHz. To support more flexible total bandwidth, at least combinations of 20 MHz and 10 MHz should be possible. However, other combinations such as  4 x 10 MHz could also be beneficial. The later case would mean give possibility for a reuse of BCH resources for instance. However, it is probably reasonable to set some sort of limitation to what combinations should be allowed to not end up with an unreasonable amount of component carrier combinations. It could for instance be possible to limit the bandwidth difference between the component carriers to a maximum of a factor two. This would allow an aggregation of e.g. 20 MHz and 10 MHz carriers but not an aggregation of 20 and 1.4 MHz carriers. The question is if such constraints need to be reflected in RAN1 specifications or if it can simply be taken care of in the RAN4 specifications (limiting the number of combinations) while keeping  close to total flexibility in the RAN1 speifications.
2.1.2 Control signaling 

A number of issues need to be addressed in connection with carrier aggregation. It could for instance be an advantage for resource usage to not have to support BCH on each individual carrier if it is not needed. However, if a component carrier would not have a BCH it would not be visible to LTE Rel-8 terminals. It seems reasonable that the standard would support this possibility and it could be made a deployment choice whether all carriers have individual BCH or not. 

Regarding the L1 and L2 control signaling it seems beneficial to be able to place it on any component carrier independently of on which component carrier resources for data transmission are scheduled. In order words L1 and L2 control signaling does not have to go on the same component carrier as shared data channel for the same user. In this way radio resources for control signaling can be used in a more flexible way. A further benefit can be seen in connection with possible use of secondary spectrum, of lower quality. Then this function could secure that important control signaling is always transmitted on high quality primary spectrum also when data might be transmitted on a component carrier where the user is not a prioritized user. 
In order to utilize terminal battery in an energy saving mode it is desirable that the control signaling, that has to be monitored continuously, can be constrained to a rather small bandwidth. That way the more energy demanding reception of a wider bandwidth can be restricted to the time when it is needed to receive wideband data. In order for the terminal to have time to switch on the wideband reception it could be beneficial to be able delay the start of the subframes of component carriers without control signaling compared to component carriers that the terminals listen to all the time, in a staggered manner. 

2.2. Spectrum aggregation

The possibility for spectrum aggregation, i.e. simultaneous transmission/reception using non-adjacent carriers, potentially even in vastly different frequency bands, was outlined in several workshop presentations and was also captured in the workshop summary. At the same time, it should be obvious for everyone that communication using aggregated spectrum implies a substantial complexity burden on the mobile terminal. It must therefore be clarified that spectrum aggregation should not be seen as an argument for not assigning sufficient amount of contiguous spectrum but should only be seen as a last resort when such spectrum cannot be made available. This also means that one should be very careful when defining exactly what spectrum situations are to be supported and understand that the capability for spectrum aggregation can only be expected from the most high-end terminals. 

Assuming that carrier aggregations, being the most straightforward approach to wider bandwidth, is specified for LTE-Advanced, the basic physical-layer (RAN WG1) specifications, should not make any assumptions regarding the relative position of the different component carriers. Thus spectrum aggregation would be automatically supported in the RAN1 specifications. It is then up to RAN4 to, if found necessary, specify any true spectrum-aggregation scenario. In this way the core specification is prepared for spectrum aggregation should the need occur. 

This approach is in many ways similar to the bandwidth flexibility of LTE release 8, where the RAN1 specifications do not make any assumptions regarding the bandwidth except that it should be within the range 6 RBs to 110 RBs.  In the same way, the LTE-Advanced specifications should only make an assumption about the maximum number of aggregated carriers, but not on their relative position.

2.3. Extended Multi-antenna solutions

In [1], three multi-antenna “technologies were outlined as possible technology components of the LTE evolution towards LTE-Advanced:

· Spatial multiplexing for the uplink
· Combined beam-forming and spatial multiplexing for the downlink
· Higher-order spatial multiplexing for the downlink
2.3.1 Spatial multiplexing for the uplink
Introducing spatial multiplexing also for the uplink as part of the evolution towards LTE-Advanced was outlined in a large number of workshop presentations [3 - 12], at least some of which included up to four-layer uplink spatial multiplexing.

Furthermore, the LTE-Advanced preliminary targets in terms of peak spectrum efficiency, as outlined in the workshop summary [2], imply a need for uplink spatial multiplexing. Actually, the targets as they are currently stated within brackets even imply a need for more than two layers.
It should also be noted that an important application for uplink spatial multiplexing could to increase the achievable data rates in case of more narrowband scenarios, corresponding to smaller spectrum assignments, where it is more likely that achievable data rates will be bandwidth limited rather than power/SINR limited. Thus one should not necessarily focus on the widest bandwidths when considering uplink spatial multiplexing.
Based on this it seems fair to say that uplink spatial multiplexing is a very likely technology component of the evolution of LTE towards LTE-Advanced. Also it seems that there are no strong reasons to limit the specification of uplink spatial multiplexing to two layers. Rather the support for four-layer spatial multiplexing should seriously be considered. One thing to consider is if the specification of uplink spatial multiplexing should actually target already LTE release 9
.
2.3.2 Combined beam-forming and spatial multiplexing for downlink
In addition to [1], combined beam-forming and spatial multiplexing for the downlink was outlined also in [7] and [13]
First it should be noted that combined beam-forming and spatial multiplexing is possible already for current LTE Release 8 through the support for rank adaptation within the “normal” closed-loop spatial-multiplexing transmission mode. What is referred to as combined beam-forming and spatial multiplexing above rather refers to the support for spatial multiplexing when relying on UE-specific reference signals for channel estimation, i.e. transmission using Antenna Port 5. What is required to support additional spatial multiplexing in this case would essentially be the introduction of additional UE-specific reference signals. This could also be expressed as extending current Antenna Port 5 to up to four antenna ports (Antenna Port 5a to 5d), assuming support for up to four-layer spatial multiplexing. 

We believe that the introduction of additional UE-specific reference signals is a relatively minor effort and thus a clear candidate for LTE-Advanced. Also note that this may also be relevant for some approaches to Coordinated Multipoint Transmission as discussed in ‎2.4 below.

2.3.3 Downlink higher-order spatial multiplexing
In addition to [1], extending LTE downlink spatial multiplexing to eight layers was outlined in [6, 8, 9, 12].

In conventional macro-cell deployment scenarios there are most likely no significant benefits with higher-order (e.g. eight layers) spatial multiplexing. This is probably true also for most micro/pico-cell scenarios. It can also be questioned to what extent support for e.g. eight layers would really find its way into a substantial amount of terminals, even if it was part of the LTE-Advanced specification. What could be considered though is if there are special scenarios, such as very low-mobility indoor scenarios, where higher-order spatial multiplexing could be more beneficial. However, this then needs to be further considered. It should also be noted that, similar to uplink spatial multiplexing, higher-order spatial multiplexing may have larger benefits in case of more narrow cell bandwidths. 
We are not negative to the specification of higher-order downlink spatial multiplexing. However, there are more important technology components for LTE-Advanced on which the main focus should be. 

It should also be noted that the LTE-Advanced preliminary targets (undoubtedly still on brackets), as outlined in the workshop summary [2], imply a need for higher-order downlink spatial multiplexing. 

2.4. Coordinated multipoint transmission
In [1], the technology component Coordinated Multipoint Transmission was outlined. Technology components that seem to be based on the same basic principles were outlined also in several other workshop presentations, although using different terminology such as “Multi-cell MIMO” [5], “Distributed radio heads” [6], “Distributed Antennas”/“Multi-BS MIMO” [10], “Multiple-site MIMO” [11], “Co-operative Base Stations” [14] ,“Distributed Antenna systems” [15], “Network Cooperative MIMO” [16], “Network MIMO” [17]

Based on this we believe that it is important to first focus on

· Identifying what are the basic common principles (the “common denominator”) of all these proposals 
· Identifying what are the alternative approaches that can be taken within the framework of these basic principles

· Identifying what, depending on what approaches are taken, are the high-level impact on RAN1 radio-interface specifications

The fundamental common denominator of the proposals listed above seems to be:

For the uplink: 
Support for joint processing of signals received at multiple geographically separated points.
For the downlink: 
Support for dynamic coordination in the scheduling/transmission, including joint
transmission, from multiple geographically separate points (thus the term “Coordinated 
Multipoint Transmission” in [1])

2.4.1 Uplink joint processing
Fundamentally, support for uplink joint processing does not need to have any impact on the radio-interface specification, i.e. a UE does not need to be aware to what extent any joint processing is carried out at the receiver side. On minor thing that could be considered though is if the joint processing would benefit from the support of additional orthogonal reference signals for the uplink.. 
2.4.2 Downlink coordinated scheduling/transmission
For the downlink, introducing support for dynamically coordinated scheduling/transmission from multiple points could, potentially, have a substantially larger impact on the radio-interface specification, compared to the uplink joint processing. Different alternatives/approaches can be outlined in terms of:

· Whether or not individual transmission points are visible to and measurable for UEs. In practice, visibility and measurability require the transmission of a unique reference signal from each such transmission point.

· Whether or not the target UE is explicitly informed about the details of the coordinated transmission, i.e. from which set of transmission points data, in practice DL-SCH, is being transmitted to the UE and, if applicable, also what processing, e.g. amplitude and/or phase, is applied to the transmission at each transmission point.

Depending on the answer to these questions, there will be different impact on the radio-interface specification, e.g. what will be required in terms of:

· Reference-signal transmission

· UE-to-network reporting

· Network-to-UE signaling

Based on this, below we outline three different approaches to or “classes” of coordinated downlink transmission/scheduling

Approach A

In this case, the individual transmission points are not visible to UEs, implying that no specific reference signals are transmitted from the individual transmission point. The network may still apply dynamically coordinated downlink transmission. However, as UEs cannot measure on the transmission points and thus cannot report any related downlink channel conditions to the network, any coordination in the downlink data transmission must be based on uplink measurements (pathloss and shadowing for FDD, potentially more information for TDD). The network can then, based on such uplink measurements, select one or several transmission points for transmission to a specific UE
. As the individual transmission points are not even visible to the UE, there is no use for the network to explicitly inform the UE how the transmission is done. Rather, a UE-specific reference signal, transmitted in the same way (same transmission points, same transmission weights, etc.) as the coordinated data transmission, must be available and be used for channel estimation.

Impact on radio-interface specification: None, except the possible introduction of additional UE-specific reference signals (more generally related to the question if spatial multiplexing should be supported in case of transmission relying on UE-specific reference signals, see Section ‎2.3.2 above) 

Approach B

In this case, the individual transmission points are visible to and measurable for UEs. This implies that a unique reference signal must be transmitted from each individual transmission point. Per definition, the transmission points are then Antenna Ports. Based on measurements on the antenna ports the UE provides reports reflecting the downlink channel from each Antenna Port, to the network. Based on these reports the network transmits in a coordinated way from one or several of the transmission points
 (including potentially setting amplitudes and phases for the different transmission points). 

However, in approach B, the UE is not informed about the details of the coordinated transmission (from what antenna port transmission is carried out, what transmission weights are used for the transmissions, etc.). Thus, UE-specific reference signals, transmitted in the same way from the different transmission points, must be available and be used for channel estimation, in exactly the same way as for Approach A.

Impact on radio-interface specification: Need to specify the relevant UE reporting.

Approach C

In terms of visibility, measurability and UE reporting, approach C is identical to approach B. However, in contrast to approach B, in case of approach C the network explicitly informs the UE about the details of the coordinated transmission (from what antenna ports transmission is carried out, what weights are used at each antenna port, etc.). Thus, the UE can use the reference signals of each antenna port for channel estimation, i.e. there is no need for any UE-specific reference signals.

Impact on radio-interface specification: Same as approach B. In addition need to specify exactly what alternative are available for the actual coordinated transmission (similar to the specification of precoder matrices for current LTE multi-antenna transmission) and how to signal the selected coordination to the UE.

Approach Cminus

This is Approach C where the coordination is limited so that the network at a given time instant only transmits from a single antenna port
.

The different approaches are summarized in the table below

	
	Approach A
	Approach B
	Approach C/minus

	Detectability/measurability
	No
	Yes
	Yes

	Downlink signaling of coordination
	No
	No 
	Yes


Discussion

Approach A is by far the simplest approach with no specific radio-interface-specification impact and should thus be the baseline versus which other approaches should be benchmarked. Anything beyond approach A should only be included as part of LTE-Advanced if substantial performance gains over approach A are achievable.

Approach C is the most complex approach and requires the most extensive specification effort. There is also a potential performance disadvantage versus approach B due to the constraints that needs to be imposed on the coordination. Thus, the preferred additional approach (if anything beyond approach A) seems to be approach B.

2.5. Multi-hop transmission
Introducing support for multi-hop communication was outlined in many workshop presentations. The main argument for the possible introduction of multi-hop communication is more cost-efficient provisioning of coverage (including covering black spots, outdoor to indoor coverage, improved coverage for higher data rates etc.). However, multi-hop communication may also be beneficial in terms of increased system capacity.
There exists a plethora of options for multi-hop communications. These options can be categorized (on a high level) depending on at what layer the user-plane traffic is forwarded.
2.5.1 Repeater (“Layer 1 Relay”)
A Repeater (see Figure 1) is characterized by the forwarding of received signals on layer 1, thus the alternative term “Layer 1 relay”. A repeater typically introduces very little delay compared to other multi-hop solutions operating on higher layers. At the same time, a repeater can not differentiate between received desired signals and received noise/interference since no decoding operation is performed in the repeater. Hence both noise and desired signal are amplified and forwarded by the repeater and the repeater can not improve the SINR from input to output. 

A repeater can either be frequency translating, in which case the forwarded (repeated) signal is carried on different carrier frequency relative to the received signal, or on-frequency operating (i.e. non-frequency translating). In case of an on-frequency repeater, the repeated signal and any direct signal will add like channel multipath in the receiver. On-frequency repeaters typically need some form of self-interference cancellation functionality and are therefore somewhat more complex than a frequency translating repeater.

Conceptually a simple amplify-and-forward repeater can be thought of as an analogue amplifier. However, the repeater could potentially also be more advanced and could e.g. contain a controllable bank of band-pass filters, may perform measurements, transmit reference signals etc. An even more advanced repeater could consist of several receive and transmit antennas and hence also enabling multi-stream signal repetition.
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Figure 1: User plane protocol stack of a repeater solution.
There are two main target areas of repeaters, firstly, cost efficient coverage extension of uncovered areas (so called black spots) and secondly, to increase capacity and achievable data rates in badly covered areas. 

Standardizing a repeater solution for LTE-Advanced could from a RAN1 perspective affect the following areas: 
· Design of additional set of repeater reference signals
· Measurements, in particular UE measurements but also possible repeater measurements 

· Power control of repeater 
· Control signaling to support the above
2.5.2 Layer 2 Relay
A Layer 2 Relay, also referred to as decode-and-forward, (see Figure 2) is characterized by that it forwards user plane traffic on Layer 2. As the relay node decodes and re-encodes (possibly also reassembling and segmenting) received data blocks a significant delay is introduced (longer than one TTI). However, no noise is forwarded by the relay node and rate adaptation may be performed individually for each link.

As for a repeater many different technology options exist also for a L2 relay solution ranging from low complexity (single antenna and centralized RRM) to more advanced (resembling a full-fledged eNodeBs). Below some distinguishing factors for different relay solutions are listed:

· number of hops supported (limited to two hops or unlimited)
· topologies supported (tree i.e. restricted to a single route, versus mesh, i.e. multiple routes possible)
· centralized versus distributed scheduling
· UE awareness of relays
· half duplex or full-duplex relay nodes
· forwarding on MAC, RLC, PDCP
In Figure 2 below we show the user-plane protocol stack of a L2 relaying solution where protocols that are potentially affected are highlighted, in red.
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Figure 2: User plane protocol stack of a L2 Relay.

L2 relay solutions do targets the same areas as the above repeater solution, namely; cost efficient coverage extension of uncovered areas and increased capacity and higher data rates in badly covered areas. The standardization impact is also similar from a RAN1 perspective:
· Design of additional set of reference signals for relay 

· Measurements 

· Power control 

· Control signaling to support the above
2.5.3 Self backhauling
A self backhauling base station (see Figure 3), a.k.a. Layer 3 Relay, is characterized by that it forwards IP packets on Layer 3. A layer-3 relay is similar in capabilities and characteristics to a L2 relaying solution (e.g. introduces delays, no amplification of noise) but does not require any new nodes or interfaces in the standard as it rely on S1 and X2 signaling..

As for the other multi-hop solutions, different options exist e.g. with respect to in-band (i.e. dynamic sharing between spectrum resources used for backhauling and serving UE's) and out-band backhauling (i.e. backhauling is performed on a separate spectrum), number of hops supported, topology structures etc.. 
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Figure 3: User plane protocol stack of a eNB with wireless self backhauling.
The purpose of self-backhauling is to provide means for cost-efficient backhauling. The foreseen standard impact from a RAN1 perspective would mainly be in the area of multi-antenna, where it should be investigated what benefit advanced multi-antenna solutions would bring in a scenario that have many similarities with that of fixed wireless access.  
2.5.4 High level comparisons 

L1 Repeater vs. L2 Relay

The complexity of a repeater solution depends to a great extent on the capabilities of the repeaters. It is possible to introduce simple repeaters in a Rel-8 LTE system without any standardization effort. Such simple repeaters can be viewed as devices that only alter the channel below Layer 1 (i.e. they operate entirely on Layer 0). 

An advanced repeater however, that could be e.g. detectable and measurable, controllable, capable of advanced antenna processing, performing self interference cancellation, performing measurements etc, is potentially equally complex and equally costly as a L2 relaying solution. And, as for a L2 relaying solution, such advanced repeaters will require standardization efforts. Below we provide a high level comparison between repeaters and L2 relays regarding pros and cons, complexity, and cost: 

Pro L1 Repeater:
· Direct signal and repeated signal of on-frequency repeaters that add like multipath  
· No dual-duplex problem. 
· Low delay (less than cyclic prefix) 
· Repeaters can be made more capable by introducing possibilities to e.g. control and detect them 
Con L1 Repeater: 
· Amplifies noise
Pro L2 Relay:
· No noise amplification due to decoding.
Con L2 Relay: 
· Direct signal and repeated signal interfere 
· Dual-duplex coordination problem 
· Large delay (more than 1 TTI) 
· A L2 Relay will have major standardization impact on radio protocols RRC, PDCP, RLC, MAC, PHY.
Complexity: 

· L1 Repeaters can have a varying degree of complexity ranging from simple (no standardization impact) to advanced (potentially as complex as a L2 Relay).
Cost: 

· No significant difference between L1 Repeater and L2 Relay. Depending on the design L1 Repeaters could have slightly lower cost.
L2 Relay vs. Self backhauling

A L2 relaying solution and a self backhauling solution are expected to be similar in complexity and cost (in terms of cost the latter one might be favorable due to economy of scale).  Below we provide a high level comparison between L2 relays and self backhauling: 
Pro L2 Relay:
· low overhead  as S1 and X2 signalling is not needed, however, new signaling protocol is required 
· low delay for centralized scheduling but then link adaptation suffers 
Con L2 Relay:
· major impact on radio protocols RRC, PDCP, RLC, MAC, PHY 
Pro self backhauling:

· limited standard impact (may impact S1 and X2) this allows for reuse of existing equipment 
Con self backhauling:

· large overhead 
As a conclusion, repeaters (possibly with additional functionality such as detectability and controllability ( “Advanced repeater”) and Layer 3 relays (self-backhauling) serve different purposes and can complement each other. At the same time, the additional benefits of Layer 2 relaying are more unclear.
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� We are making an assumption that LTE-Advanced corresponds to LTE Release 10.


� More detailed coordination, including adjustment of the amplitude and phase applied to the transmission from each transmission point, may be possible in case of TDD


� The term ”transmission point” is used here as it is not strictly necessary that transmission is carried out from any of the visible antenna ports. From a downlink data transmission point-of-view, approach B is idential to approach A. 


� A”minus” approach is not needed for approach A and B as these approaches amyway relies on the use of UE specific reference signals for the coordinated downlink transmisison. Thus from a UE point-of-view there is no difference if transmission is from a single point or multiple points.
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