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1. Introduction

According to the decision on backhaul timing [1], the relay PUCCH in backhaul link as same as Rel-8/9 PUCCH format 1/1a/1b is currently envisaged to be re-used even though there’s a little possibility to introduce a kind of new PUCCH format. In this paper, PUCCH resource assignment method based on existing releases is briefly addressed to support backhaul PUCCH channels efficiently.
2. Backhaul PUCCH resource allocation 
In Rel-8/9, PUCCH resource index associated to PDSCH transmission which is varied in a subframe basis is determined by CCE index-to-AN index linkage rule in dynamic manner, while semi-persistent ACK/NACK resource index is determined by high layer signaling in semi-static manner. It is also expected in relay backhaul link that existing linkage rule can be re-used for dynamic scheduling/transmission and semi-persistent scheduling/transmission as much as possible. 
2.1  Dynamic resource allocation for backhaul PUCCH transmission
Uplink dynamic ACK/NACK resources are autonomously reserved based on the relationship (i.e. linkage) with downlink PDCCH CCE logical index. In backhaul link as well, as the logical R-PDCCH index or its R-CCE index will be defined, then the concept of dynamic ACK/NACK resource can be introduced similarly in relay backhaul link, based on those indices. Even though detailed linkage rule is FFS, it’s time to discuss how to place the uplink ACK/NACK resources for dynamic transmission properly in uplink PUCCH resource region. For example, it’s required for RRC signal to indicate where backhaul PUCCH index should be started as shown in Figure 1. Moreover, it may be decided whether to locate the backhaul PUCCH RB always on separate RB or on mixed RB (refer to Figure 1) because the orthogonality among backhaul PUCCH and macro PUCCH may not be guaranteed due to the different number of OFDM symbols. 
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Figure 1: Example of backhaul PUCCH resource index allocation by CCE-to-AN linkage 

2.2  Semi-static resource allocation for backhaul PUCCH transmission
Semi-static resource allocation method for PUCCH is usually used for SPS data, CQI and SR transmission. Differently thinking, it can be of course used for R-PDSCH transmission in downlink backhaul. The semi-static PUCCH resource can be reserved by high layer signal as in LTE Rel-8/9. In that case, it is desirable that the backhaul PUCCH resource index is located on around the CQI resource index region in Figure 2. However, the reserved PUCCH resources may be wasted when R-PDSCH is not transmitted in the subframe, but it is negligible if the number of RN is very small.
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Figure 2: Example of backhaul PUCCH resource index allocation by high layer signaling 
3. Conclusion
Our preferences on designing backhaul PUCCH (dynamic or semi-static) are listed as follows; 
· Backhaul PUCCH resources for R-PDSCH transmission are assigned in either the separate RB or in the mixed RB.
· Separate PUCCH RB allocation from macro PUCCH is preferred
· If dynamically reserved ACK/NACK resource is used for R-PDSCH transmission, 
· The resources are reserved by CCE-to-AN index linkage rule

· In addition, it requires high layer signal which indicates the starting point of backhaul PUCCH resource region as similar as in Rel-8 PUCCH
· If semi-statically reserved ACK/NACK resource is used for R-PDSCH transmission,

· The resources are reserved by high layer signal

· For SPS R-PDSCH transmission, backhaul PUCCH resource index is located on adjacent to macro UEs’ semi-static PUCCH region (CQI, SPS ACK/NACK and SR)
· The resources are reserved by high layer signal
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