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Introduction

Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements ‎[1] and has therefore been included in the LTE-Advanced TR ‎[2]. After discussing this issue in RAN1#55 ‎[3], ‎[4], it was agreed that MBSFN subframes can be used as a means to allow backward compatible implementation of relaying, this was subsequently included in ‎[2] during RAN1#56 ‎[5].

As a consequence, the control channel on the link between the eNB and the relay, i.e. on the backhaul link, needs to be adapted accordingly. In this contribution we show that this is easily feasible. 

Impact of MBSFN subframe on the backhaul link control channel and requirements for new control channel design
Relays can use the MBSFN subframe on the link towards their UEs to make some time available to receive from the donor eNB without interference from the relays own transmissions. However, because some switching time will be required and because the first one or two symbols of the MBSFN subframe are used for Reference Symbols (RS) and control in case of MBSFN. The relay will thus not be able to receive the first few symbols of the corresponding subframe that is transmitted by the donor eNB. During these symbols the PDCCH (and the PFICH) are transmitted. Therefore the relay will not be able to receive these control channels. 
Consequently modifications of the control channels on the link between eNB and RN (compared to the existing Rel8 eNB UE link) need to be done. Basically, the control information needs to be moved from the first symbol(s) to later ones in order to allow the relay node to receive it. The control information needs to be transmitted in a way that UEs, which may be scheduled in the same subframe are not affected adversely, in particular Release 8 UEs in order to ensure backward compatibility. This issue was also addressed in several other contributions: ‎[6]–‎[19]. 
One way to proceed would be not to apply dynamic scheduling, but only allocate fixed resources in a semi-static way on the backhaul link as was proposed in ‎[7] as a potential option. Semi-static resource allocation may indeed be used for specific cases e.g. for a relay that currently doesn’t serve any active user in its coverage area, or only a few active users, each with low data rates and regularly recurring data packages, e.g. VoIP users. Similarly as these users can be scheduled using semi-static allocations (semi persistent scheduling), their serving relay can also be scheduled like this. However, in general we think that dynamic scheduling needs to be supported on the backhaul link in order to allow efficient utilization of the available resources by assigning them to the relay or UE that can make best use of them.
New control channel design principles
While the details of the implementation of the control signaling for relays will be left for the work item phase to specify, it is important to verify that design options are available which will allow implementing the control efficiently. 
The basic change that is needed compared to the Rel8 control channel is the fact that we have to avoid the first OFDM symbols that are not accessible to the relay. The most straight forward approach is to transmit the control in some of the subsequent symbols that can be received. This area is used to transmit downlink user data in Rel8 and Rel8 UEs will expect the data there exactly as specified. Therefore it will not be possible to attach additional control to PRBs that are used for Rle8 UEs. However, no such restriction exists for PRBs that are not scheduled for Rel8 UEs. In these PRBs deviations from Rel8 specifications are possible, as long as the Rel8 reverence symbols are maintained. 
We therefore propose to consider to preassign a set of PRBs to contain control signaling for relays. Relays can then scan these PRBs for control information in a similar way as Rel8 UEs scan the area for control signaling directed towards them. This principle is depicted in the enclosed figure, showing the area where the new control signaling for the relays backhaul link is situated. 

[image: image1]
Most of the other aspects of the existing UE control signaling are proposed to be reused in a similar way for the new relay control signaling, including e.g.:
· Control signaling should be concentrated in the first part of the subframe in order to give the receiver some lead time to configure RX processing and potentially allow reduced storage requirements, i.e. avoid having to store data that are not intended to the particular relay.
· The CCE concept can be reused to provide different encoding options, both regarding payload and coding rate.
· Blind decoding attempts should be limited in a similar way as in Rel8 by allowing only a reasonable sub-selection of all possible combinations of CCEs and payload sizes to hold the control information for a particular relay.
· The remaining space, i.e. the symbols neither used for control signaling nor RS, is used for data transmission. Rate matching flexibly adapts the data transmission to fully utilize these remaining symbols.

There are however also some differences that can be exploited to enhance the performance, these are addressed in the next chapter.
Control channel overhead and handling in performance evaluations
Typically control channel overhead is not taken into account explicitly in the performance evaluations, but a predetermined overhead is assumed, typically some 30% ‎[20]. We suggest applying this approach also for evaluations on the backhaul link. 
Regarding the numerical value of the overhead, there have been contributions suggesting that there would be a higher overhead on the relaying backhaul link ‎[21]. However we also have to take into account several aspects that will reduce the overhead compared to the Rel8 case:
· Traffic for several UEs can be multiplexed within a single transmission on the backhaul link, thus reducing the relative overhead accordingly. Some additional information will then be needed in this case to properly demultiplex those data, but this information is only needed after decoding the data packages and therefore can enjoy better coding gain from turbo-coding of the data channel.
· Due to typically good link quality on the eNB – RN link, bigger data packages can be scheduled on this link (and less often), also reducing the relative control overhead accordingly.

· Due to the better link quality, higher coding rates can be used also for the control information.
· There will be typically less RNs per cell than UEs, this will ease the addressing for scheduling, i.e. only shorter IDs will be needed to identify RNs compared to UEs.

Therefore we think that the control overhead on the relay link will not exceed the currently used predetermined overhead figures and the same approach can be taken as previously for performance evaluations.
Commonalities with new reference symbol design
The proposed control channel design is well aligned with our thinking on the implementation of new reference signals that are needed to support higher order MIMO and cooperative transmission ‎[22],‎[23]
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‎[24], ‎[25]: We propose that these reference signals are also embedded in predefined PRBs that are not to be used for Rel8 traffic. In this way the impact on scheduling constraints on Rel8 UEs can be simplified, as the scheduler can simply exclude PRBs that are used for any of the LTE-Advanced extensions from scheduling for Rel8 UEs. 

Further more, the allocation of RS on the data part of predefined PRBs also allows relays to receive these RS, because they don’t overlap the Rel8 control area which cannot be received by the relays. This in turn allows Relays as well to enjoy the enhancements for the backhaul link and will boost the performance accordingly. If on the contrary new RS were transmitted in the control part of the subframe, then relays could either not enjoy the enhancements or additional RS would have to be inserted somewhere else, specifically for relays. Clearly the latter alternative is neither elegant nor efficient.
Conclusion

In this contribution we have presented design principles for the new control signaling that will allow supporting relays: 
We have further shown that the most promising concept will be to embed control signaling into predefined PRBs and not schedule Rel8 UEs on those. In this way an efficient backward compatible implementation can be done, reusing most of the design principles of the present control channel design.
Because special properties of the backhaul link (better and more stationary link, larger data packages) can be used to code the new control signaling more efficiently, we think that the control signaling overhead will not be substantial. We therefore propose not to explicitly model this overhead in the performance evaluations, but consider it included in a standard overhead fraction, which was assumed typically to be some 30% for LTE.
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