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1 Introduction
In recent meetings, some issues on backhaul downlink control channel were discussed and relevant TP were agreed in [1]，“R-PDCCH” is named for backhaul downlink control channel, it is used to assign backhaul downlink and uplink resources, more details about the resources used for R-PDCCH were also discussed and some agreement were achieved. Besides backhaul downlink control channel, some issues of backhaul uplink control channel come to our attention. In this document, we discuss some aspects of backhaul uplink control channel, here referred to as “R-PUCCH”.
2 Discussion
According to the backhaul uplink resources allocation assigned in R-PDCCH by donor eNB, RN should implement backhaul uplink transmission on the assigned subframes, including uplink data on R-PUSCH and uplink control information (UCI) on R-PUCCH. On uplink, RN should set a GP between receiving from R-UE and transmission to donor eNB, in other words, for every alternation of receiving and transmission RN should set a GP in order to implement receive/transmit switch. Because of GP, R-PUCCH would have some differences from PUCCH. According to the rule of resources assignment and process of PUCCH, donor eNB may indicate some similar configuration for R-PUCCH, such as PRB index, orthogonal sequence index .etc. More details are present below.
2.1 R-PUCCH structure

Different from data on R-PUSCH, process of backhaul UCI depends on the structure of R-PUCCH, the number of available SC-FDMA symbols on assigned R-PUCCH resource is closely related to it. Based on the operation of PUCCH, some modification can be introduced according to R-PUCCH structure.

While using one SC-FDMA symbol as a GP, scheme of backhaul uplink resource assignment may be given as:

· One subframe for backhaul uplink

The first and the last SC-FDMA symbols used as GP in backhaul uplink subframe[2], correspondingly the number of symbols available for UCI is 12 on normal CP and 10 on extended CP.
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Figure 1. One subframe for backhaul uplink

· Two consecutive subframes for backhaul uplink

For two consecutive subframes used for backhaul uplink, the first symbol of the first subframe and the last symbol of the second subframe should be used as GP, the number of symbols available for UCI is 13 on normal CP and 11 on extended CP.
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Figure 2. Two consecutive subframes for backhaul uplink
· Three consecutive subframes for backhaul uplink

For three consecutive subframes used for backhaul uplink, the structure of the first subframe and the last subframe are the same with above ones, the middle subframe may keep an integrated structure with a normal uplink subframe.
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Figure 3. Three consecutive subframes for backhaul uplink
· Backhaul resource assignment based on slot 

For backhaul uplink resources assignment based on slot[3], the first and last symbol in the slot assigned for backhaul uplink should also be kept as GP, the number of symbols available for UCI is 5 on normal CP and 4 on extended CP, thus, few symbols can be used for backhaul UCI.
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Figure 4. One slot for backhaul uplink
According to the discussion above, the structure of R-PUCCH is different from PUCCH by introducing GP, except the middle subframe while three consecutive subframes are assigned for backhaul uplink. And then, the process of backhaul UCI needs some modification corresponding to the structure of R-PUCCH.

2.2 ACK/NACK on R-PUCCH

ACK/NACK process on PUCCH comprises coding, modulation, time-domain and frequency-domain extension. On the couple of PRBs assigned for RN as R-PUCCH, frequency-domain extension process for backhaul uplink ACK/NACK may reuse the same method with PUCCH, while time-domain extension process may be modified according to the structure of related R-PUCCH, i.e. the number of symbols available for UCI. The orthogonal sequences for time-domain extension should be redefined for backhaul ACK/NACK.

Take one subframe for backhaul uplink configuration as an example, ACK/NACK on R-PUCCH is showed in Figure 5 where GP occupies two symbols on the backhaul uplink subframe, the number of symbols actually available for ACK/NACK is 3 per slot. And then, the similar operation as the second slot of PUCCH shortened structure may be used for both two slots for R-PUCCH. Each slot is covered by an orthogonal sequences 
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Figure 5. An example of ACK/NACK on R-PUCCH (1)
For the second backhaul uplink subframe in Figure 2 or the third one in figure 3, an example of ACK/NACK on R-PUCCH is showed in Figure 6. 
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Figure 6. An example of ACK/NACK on R-PUCCH (2)
The process of ACK/NACK on R-PUCCH discussed above is almost the same as PUCCH, except that the orthogonal sequences for time-domain extension needs to be redefined according to the structure of R-PUCCH. Other operations can reuse the same methods with PUCCH, such as frequency-domain extension, reference signal mapping, resources indications etc. Specially, for the structure of R-PUCCH with one GP on the last symbol of a subframe, as the example shows in Figure 6, the shortened PUCCH structure may be used directly, and then R-PUCCH and PUCCH can be multiplexed in the same couple of PRBs.
2.3 CQI on R-PUCCH

Process of CQI/PMI/RI on PUCCH comprises coding, scramble, modulation and frequency-domain extension .etc. On the couple of PRBs assigned for R-PUCCH, frequency-domain extension process for backhaul uplink CQI/PMI/RI may reuse the same method with PUCCH. CQI/PMI/RI on PUCCH would be coding to 20 bits by (20, A) code, and QPSK modulate to 10 complex-valued modulation symbols, finally mapping to assigned resources. For R-PUCCH there are not enough SC-FDMA symbols for modulation symbols of CQI/PMI/RI, so some modification may be introduced to R-PUCCH. Considering the good channel condition of backhaul link, one option is to increase coding rate of backhaul uplink CQI/PMI/RI in order to adapt to the related R-PUCCH structure, an example is given below:
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 Figure 7. An example of CQI/PMI/RI on R-PUCCH
A couple of PRBs are assigned for R-PUCCH, the first and the last symbols are used as GP, and 4 symbols is occupied by reference signal, residual 8 symbols can be used for CQI/PMI/RI modulation symbols. Some (16,A) code may be used, and then CQI/PMI/RI be coding to 16 bits, and QPSK modulate to 8 complex-valued modulation symbols, finally mapping to related 8 SC-FDMA symbols, shows in Figure 7.
The process of CQI/PMI/RI on R-PUCCH discussed above is the same as PUCCH, except the number of modulation symbols of CQI/PMI/RI needs modification according to the structure of R-PUCCH. Other operations can reuse the same methods with PUCCH, such as frequency-domain extension, reference signal mapping, resources indications and etc.
3 Conclusion
On backhaul uplink, some GP should be set for RN to implement receive/transmit switch. According to the assignment of backhaul uplink resources, several GP schemes are presented. For every GP scheme, the relevant structure of R-PUCCH and process of backhaul UCI may be different, e.g. 
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 for both slots in a subframe for ACK/NACK, or other coding rate besides (20, A) for CQI/PMI/RI. It provides an available and efficient way for RN to report UCI of backhaul link or access link or both of them to donor eNB.
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