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1 Introduction

On the backhaul link of TDD systems asymmetric backhaul subframe configurations up to a DL:UL ratio of 4:1 are supported, see Table 5.2-2 of [1]. Assuming spatial multiplexing up to 8 DL transport blocks have to be acknowledged in an UL subframe. A feedback mode for the backhaul of TDD systems is not yet specified.

This contribution discusses several alternatives and proposes to support the most appropriate one, i.e., PUCCH format 3.
2 Discussion

Several methods would allow acknowledging multiple transport blocks (TBs) in one UL subframe:

1. ACK/NACK bundling (Rel.8 TDD)

2. ACK/NACK multiplexing with channel selection (Rel.8 TDD or Rel.10 CA)

3. ACK/NACK multiplexing with PUCCH format 3 (Rel. 10 CA)

2.1 ACK/NACK bundling

With bundling, the A/N feedback for all DL TBs is combined using a logical AND operation resulting in a single A/N bit. However, with increasing link quality, the error probability of two spatially multiplexed TBs becomes less correlated. Then A/N bundling becomes less desirable because TBs will be re-transmitted frequently although they were received correctly. Since link quality on the backhaul is expected to be high performance on the backhaul link is expected to be poor with full A/N bundling.

Furthermore, A/N bundling from Rel-8 TDD can not directly be applied on the backhaul link, if the eNB should be able to detect if the relay has missed a downlink assignment. This is because the relay has only been assigned to a single A/N resource so that there is no possibility for the eNB to detect if the relay has missed the last downlink assignment within the feedback window. 
2.2 ACK/NACK multiplexing with channel selection

If A/N multiplexing from Rel-8 is used, the A/N feedback for two DL TBs of the same DL subframe are first combined using a logical AND operation resulting in a single A/N bit per DL subframe. Mapping tables of Rel.8 leads to degraded performance because bundling is applied and because there are several overlapping states in the A/N mapping table, for example, ACK is mapped to the same state as NACK in several occasions. Further there is no power control adaptation specified for the A/N multiplexing solution. So the RN will transmit with the same power independent of how many A/N bits its feeding back. All this combined will lead to a loss of information which decreases performance, especially on the backhaul link with expected high channel quality.

If instead channel selection as defined in Rel-10 is reused, there are two possible schemes that can be used. The first possibility is to reuse the mode b design, on which RAN1 has not concluded/agreed. The proposal in ‎[4] is based on time domain bundling. The scheme is designed so that it generates two A/N bits per component carrier, where in principle the number of ACKs is reported. Exactly how this is applied in case of a single carrier system remains to be defined. What is clear is that the scheme relies on spatial bundling together with bundling across subframes. Since mode b is defined for CA it is not possible to directly apply the scheme to relaying.

The second possibility would be to reuse the channel selection design for FDD, the scheme supports up to 4 A/N bits. As the RN needs to report up to 8 A/N bits, the scheme must be modified in some way. A possibility would be to apply spatial bundling as in the TDD multiplexing solution limiting the number of A/N bits to four. Secondly, the relay would need to be assigned to up to four static PUCCH format 1/1a/1b resources. 

We observe that none of the above schemes can directly be applied as the A/N scheme for TDD relays on the backhaul. Instead modifications are needed. We further observe that all of the above schemes rely on some form of bundling. Any type of bundling will lead to a loss of information decreasing performance, especially on the backhaul link, where channel quality is expected to be high.
2.3 PUCCH format 3
PUCCH format 3 has been designed for carrier aggregation A/N and the single RM design supports up to 11 bits of feedback. PUCCH format 3 provides larger payload sizes compared to channel selection using PUCCH format 1b. No spatial bundling needs to be applied. This directly converts to superior performance with the assumption that it is not the UL performance of the PUCCH that limits the DL throughput. We note also that it is possible to define a spatial bundling mode for PUCCH format 3, which would then be equal to defining such a mode for channel selection with format 1b as highlighted in section ‎2.2. 

Performance results have been provided for the channel selection scheme in ‎[6] and for PUCCH format 3 in ‎[5]. When comparing the results for the shortened format in figure 2 in ‎[6] and figure 1 in ‎[5], it can be observed that for 4 A/N bits and the EPA 3km/h channel PUCCH format 3 performance slightly better (0.5 dB better) and for 4 A/N bits and the ETU 3km/h channel the two schemes performs equally. The link level loss of using 8 A/N bits with PUCCH format 3 compared to 4 A/N bits is ~1.5 dB for EPA 3 km/h and ~2.5 dB for ETU 3km/h. In order to get sufficiently high performance on the backhaul the backhaul link will be operated at a (much) higher SNR than -3 dB. So there will not be any problems from the link budget performance perspective for the relay to feedback up to 8 A/N bits with PUCCH format 3.

2.3.1 Ordering of feedback bits 

When using PUCCH format 3 on the backhaul link the A/N feedback bits have to be associated to TBs (codewords) and DL subframes. A straightforward solution would be a timely ordering:

· A/N feedback bits 
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2.3.2 Other issues

A/N feedback bits corresponding to DL subframes, for which the RN has not received a DL assignment shall be set to NACK or “0”. Like that the donor eNB can improve detection leveraging the knowledge on the DL schedule ‎[7].

In case the relay is not configured with SORTD for PUCCH format 3 by higher layer, the relay should be configured with one PUCCH format 3 resource by higher layer. In case the relay is configured with SORTD for PUCCH format 3 by higher layer, the relay should be configured with one PUCCH format 3 resource per antenna by higher layers. 
3 Proposals
Due to the above discussed advantages of using PUCCH format 3 on the backhaul of a TDD system, we propose the following [3]:

· Support PUCCH format 3 on the backhaul for frame structure 2

· ACK/NACK feedback bits 
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· Send NACK for codewords for which no DL assignments were received

· For RNs not configured with PUCCH format 3 SORTD, one PUCCH format 3 resource is configured by higher layers

· For RNs configured with PUCCH format 3 SORTD, one PUCCH format 3 resource is configured for each antenna port by higher layers
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