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1 Introduction

In RAN1-59bis meeting, subframe timing of backhaul and access uplink was discussed and the corresponding four cases of backhaul uplink structure were identified [1]
· Case 1: RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP)

· Case 2: RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP)

· Case 3: RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP)

· Case 4: RN should transmit SC-FDMA symbols m≥1 until SC-FDMA symbol n≤13 (depending on at least the propagation delay between eNB and RN and the switching time)
Different cases of uplink subframe timing and then the resultant subframe structure would have different impact on backhaul uplink control channels. Some issues of R-PUCCH were discussed in [2] and in this contribution we provide some further analysis of backhaul link UCI along the cases listed above.
2 Discussion
Considering the backhaul and access uplink timing for different cases, we divide the discussion according to backhaul subframe structure which corresponds to each choice/case of subframe timing. Normal CP is used as example hereafter.
2.1 UL Backhaul Subframe Structure
case 1

When the access link and backhaul link UL subframe boundary is staggered by a fixed gap, RN should transmit SC-FDMA symbols from #1 until #13. So, R-PUCCH can have 13 available SC-FDMA symbols. Considering GP assignments, the structure of UL backhaul subframe may be different.
For comparison, we show in Figure 1 the backhaul UL subframe without the fixed delay when #0 symbol and #13 symbol are used for RN switching and the number of available symbols is 12. 
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Figure 1.RN transmit symbols #1 to #12 on backhaul uplink
With a fixed delay introduced in UL subframe timing, RN Rx/Tx and Tx/RX switching can be lump-summed and absorbed by one symbol as shown in Figure 2. Here #0 symbol is essentially divided into two parts, used for GPs.
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Figure 2.RN transmit symbols #1-#13 on backhaul uplink
case 2
When the access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix or RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link, all 14 SC-FDMA symbols are available in a backhaul uplink subframe. It means RN may report UCI on R-PUCCH the same way as R8 PUCCH.  
case 3

The subframe structures of UL backhaul subframe before and after the timing adjustment are shown in Figure 3 and Figure 4, respectively:
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Figure 3.RN transmit symbols #1 to #12 on backhaul uplink
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Figure 4.RN transmit symbols #0-#12 on backhaul uplink
In both case 1 and case 3, the number of available symbols can be used for R-PUCCH is 13. The difference is that Symbol #0 is used for GP in case 1 and Symbol #13 symbol for case 3, which brings different impacts on R-PUCCH design discussed in Section 2.2. 
case 4
When eNB uplink reception and RN uplink reception are strictly time aligned, at most 13 symbols are available for backhaul uplink. The actual number of symbols for R-PUCCH depends on backhaul propagation delay and RN switching time [2]..  
As discussed above, the structures of UL backhaul subframe highly depends on backhaul/access link timing and the resource assignment for UL backhaul. In some cases, some modifications may be needed for backhaul UCI processing.

2.2 UCI on R-PUCCH

R-PUCCH design is tightly coupled with the structure of UL backhaul subframe. Below we give a few examples for different cases.
Figure 5 shows the symbol locations of ACK/NACK and CQI/PMI/RI carried by R-PUCCH for case 1. Note that the symbol locations for reference signal of R-PUCCH, shaded in Figure 5, are the same as for PUCCH. 
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Figure 5.UCI on R-PUCCH for Case 1, with reference symbols being shaded.
ACK/NACK process for PUCCH comprises coding, modulation, time-domain and frequency-domain extension. For R-PUCCH, frequency-domain extension process for backhaul uplink ACK/NACK may reuse the same method as PUCCH, while time-domain extension process may need modification to fit the subframe structure. For example, the orthogonal sequences for time-domain extension should be redefined for backhaul ACK/NACK. As showed in Figure 5(a), reference signals (RS) for ACK/NACK are assigned on Symbols #2、#3、#4、#9、#10、#11, and the rest Symbols #1、#5，#6、#7、#8、#12、#13 would be used to carry ACK/NACK information.
For CQI/PMI/RI on R-PUCCH, the same process of frequency-domain extension for R8 PUCCH may also be reused. Considering the less number of SC-FDMA symbols available in a subframe, some modification may be needed for R-PUCCH in terms of code rate. Counting on the good channel condition of backhaul link, we can increase the code rate of backhaul uplink CQI/PMI/RI, for example, using (18,A) code in order to map to nine SC-FDMA symbols #2、#3，#4、#6、#7、#9、#10、#11、#13.
Figure 6 shows the symbol locations of ACK/NACK and CQI/PMI/RI carried by R-PUCCH for case 3. Again, the symbol locations for reference signal of R-PUCCH, shaded in Figure 6, are the same as for PUCCH.
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Figure 6.UCI on R-PUCCH for Case 3, with reference symbols being shaded.
As shown in Figure 6(a), RS for ACK/NACK are also assigned on #2、#3、#4、#9、#10、#11 symbols, with rest of symbols for the actual ACK/NACK information.

For CQI/PMI/RI on R-PUCCH, RS would occupy #1、#5、#8、#12 symbols and the control information would be mapped to Symbols #0、#2、#3，#4、#6、#7、#9、#10、#11 as shown in Figure 6(b).
3 Conclusion
Four possible cases of UL backhaul subframe structure were discussed based on the candidate subframe timing choices in WF. Several examples of UCI on R-PUCCH were provided.   
From the discussion, it appears that the reference signals for R-PUCCH can be mapped to the same symbols as for R8 PUCCH, with the rest symbols allocated for UCI. More specifically,
· case 1,3,4 –some modification on control information may be needed to fit the smaller number of symbols  
· case 2 – to completely reuse R8 PUCCH
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