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1. Introduction
Many aspects of relay backhaul transmission were discussed in past RAN1 meetings, e.g. backhaul downlink control channel, backhaul subframes allocation and so on [1]

 REF _Ref249417166 \r \h 
-[6]. While the focus was on DL transmission, there was very limited discussion on backhaul UL transmission. Given the difference between relay node (RN) and UE, as well as the existence of Tx/Rx switching time for half duplex relays, it is important that the backhaul uplink transmission, especially the uplink control information (UCI) transmission, shall be studied. In this contribution, we show our views on this topic.
2. Discussion
2.1. Backhaul uplink timing
RN backhaul/access uplink timing was discussed in RAN1 59-bis meeting, and several possible cases are for further study [7]. The design of RN backhaul/access UL timing impacts the number of available DFT-OFDM symbols for UL backhaul usage. Therefore, it also has impact on the control channel design on UL backhaul, i.e. R-PUCCH.
For half duplex RNs, GP is needed to provide Tx/Rx switching time, and the impact of GP can be limited in either backhaul or access UL subframes. A scheme that the impact of GP is limited in access subframe was discussed in [8], where the access UL timing is advanced by a fixed offset to create RN Tx/Rx switching time. Consequently, RN cannot receive R-UEs’ last DFT-OFDM symbol in a subframe. Although the scheme allows reuse of Rel-8 PUCCH design on UL backhaul, it reduces the number of SRS resources in the relay cell, which has significant impact on TDD systems as there are much less UL subframes available. Hence, our preference is that impact of GP shall be limited in backhaul UL subframe.
In case the impact of RN Tx/Rx switching time is constraint on UL backhaul subframes, not all DFT-OFDM symbols can be used for UL backhaul transmissions. Figure 1 shows the case of RN backhaul/access UL timing with a fixed offset, as discussed in [7]. The example shows that the first DFT-OFDM symbol in a backhaul subframe cannot be used for UL backhaul transmission. Hence, R-PUCCH design shall be considered.
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Figure 1: Backhaul uplink timing with fixed delay
2.2. Backhaul UCI transmission
From the perceptive of donor eNB, RN behaves as a UE. Thus besides uplink data, RN also shall transmit UCI, i.e. SRI, HARQ-ACK, and CQI to donor eNB on the backhaul link. Rel-8 defines many special rules in case a UE needs to transmit multiple UCIs and/or data in UL, in order to maintain the single carrier property. These special UE behaviors bring additional implementation complexity. For a relay node, it shall be re-examined whether single carrier property can be relaxed in the context of RN UL backhaul transmission. 
In LTE-A, it has been agreed that a UE can simultaneously transmit on PUCCH and PUSCH. Such UEs are typically cell interior UEs and hence not power limited. Given that RN transmit power is higher than a UE and the fact that backhaul link is of better quality, it seems reasonable to assume that a relay node can also transmit simultaneously on PUCCH and PUSCH. In [9], the cubic metric of concurrent transmission on PUCCH and PUSCH are evaluated. The results therein indicate that the increase of CM due to concurrent transmission on PUCCH and PUSCH is manageable. Hence, we propose that a relay node shall be able to transmit on PUCCH and PUSCH simultaneously. Further, it shall be studied whether RN needs to support the Rel-8 transmission of UCI on PUSCH to maintain single carrier property.
2.3. R-PUCCH schemes
In the contribution, the PUCCH on relay UL backhaul is referred to as R-PUCCH. As the example in Figure 1, in an UL backhaul subframe with GP, the first DFT-OFDM symbol is unavailable for UL backhaul usage. Hence, UCI transmission on R-PUCCH shall use the shortened format.
· Formats 1/1a/1b

An example for R-PUCCH formats 1/1a/1b with GP is shown in Figure 2. Note that all examples are for normal CP within this contribution, unless explicitly stated. The R-PUCCH format 1/1a/1b structure is similar to the shortened PUCCH formats 1/1a/1b in Rel-8, except that the first OFDM symbol in the first slot is not used for transmission. Hence, a spreading factor of 3 or 4 can be applied in the first or second slot, respectively, on UCI bearing DFT-OFDM symbols. In case the relay node needs to transmit SRS in the second slot, or in case the UL backhaul subframe is a cell-specific SRS subframe in the macro cell, then both slots shall use a spreading factor of 3 for UCI bearing OFDM symbols. The Rel-8 orthogonal cover codes can be reused. Note that Figure 2 is the corresponding R-PUCCH design for the example shown in Figure 1. In case there are even lesser DFT-OFDM symbols available for UL backhaul, further consideration on R-PUCCH design is needed.
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Figure 2: Example for R-PUCCH formats 1a/1b with GP

· Formats 2/2a/2b

In Rel-8, 20 coded bits can be transmitted on a PUCCH format 2 resource, with QPSK modulation. Given that one less OFDM symbol can be used in an UL backhaul subframe, the number of coded bits shall be reduced correspondingly, which is a form of shortened PUCCH format 2. 
With 9 available DFT-OFDM symbols for data transmission, the shortened PUCCH format 2 can have 18 coded bits assuming QPSK modulation. For the new block code with coding rate (18, A), the simplest solution is to use the first 18 rows of the Rel-8 RM codes. On the other hand, the BLER performance of this new block code shall be evaluated. If necessary, other block codes shall be used.
· Other R-PUCCH schemes
The shortened PUCCH formats discussed in the previous section more or less requires some specification change. Another option is to design new R-PUCCH structures, taking into account the property of UL backhaul. For example, considering relative stable channel condition on UL backhaul, a periodic PUCCH CQI reporting format with larger payload size may be designed, such that donor eNB can get more detailed CQI reporting from the RN. Introduction of such new R-PUCCH structure shall be carefully evaluated from the perspective of performance benefits and specification impacts.
2.4. R-PUCCH resource allocation
Assuming RN cannot transmit in the first OFDM symbol of an UL backhaul subframe, the shortened R-PUCCH format 1/1a/1b cannot be multiplexed with Rel-8 PUCCH format 1/1a/1b in the same PRB. Hence it is necessary to allocate separate PRBs for RN’s HARQ-ACK transmission. The RN’s PUCCH ACK/NAK resource may be determined by the following methods:
· Dynamic allocation. A separate dynamic HARQ-ACK resource region is reserved, and the start point of this region is informed by donor eNB via RRC signaling, or
· Semi-static allocation. Each RN is semi-statically configured with a set of HARQ-ACK resources for backhaul uplink.

The dynamic allocation scheme is suitable for a relatively large number of RNs in the system, such that R-PUCCH resources can be shared by RNs for the transmission of HARQ-ACK. The semi-static allocation approach is more proper for a small number of RNs in the system.
For the shortened PUCCH format 2/2a/2b, since orthogonal cover codes are not applied, it is possible to multiplex the shorted PUCCH format 2/2a/2b with the Rel-8 PUCCH format 2/2a/2b in the same PRB. The PUCCH resource for RN’s CQI transmission on UL backhaul shall be semi-statically configured by the eNB.
3. Conclusions
In this contribution, we briefly discuss uplink control transmission on the backhaul link. It is proposed that RN shall support simultaneous transmission of PUCCH and PUSCH. For a half duplex relay, at least one OFDM symbol shall be reserved for Tx/Rx switching on an UL backhaul subframe. Shortened PUCCH format 1/1a/1b and 2/2a/2b can be used for RN’s transmission of HARQ-ACK and CQI, respectively. Other R-PUCCH structures can be considered, and the corresponding performance benefits and specification impacts shall be evaluated.
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