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1 Introduction

In the scenario of co-channel deployment of Macro-eNB (MeNB) and Home eNBs (HeNB), although the employment of HeNBs improves the overall system throughput, UEs served by MeNB may suffer from the interference imposed by HeNB, or vice versa. In this contribution, assuming that the HeNB is in the coverage area of the MeNB, we propose a mechanism to cope with the PUCCH interference problem in MeNB-HeNB co-channel deployment. More specifically, orthogonality can be introduced not only in the frequency domain but also in the code domain between MeNB and HeNB. By reusing the same base sequence in both eNBs, we can maintain the orthogonality of PUCCH transmissions from different cell layers in the same resource block, and thus reducing the co-channel interference in PUCCH.
2 Rel-8/9 interference management approach
In current physical layer design [3], the PUCCH resource is identified by a cyclic shift for a CAZAC base sequence and a RB index (position in frequency domain). Thus, UCIs from UEs in different RBs are naturedly orthogonal in the frequency domain, while UCI from UEs in the same RB is orthogonal in the code domain.
However, as the base sequences and the derived reference signal sequences for PUCCH used in MeNB and HeNB are typically not orthogonal, the UCI interference between MeNB UEs (MUE) and HeNB UEs (HUE) is not negligible. The existing inter-cell interference randomization mechanism is not robust enough in this case, as the interference between HUE and MEU is mush severer than that in homogeneous networks. The FDM-based PUCCH interference management approaches proposed for HeNB [1][2] lead to low efficiency in terms of resource utilization:

· The PUCCHs of MeNB and HeNB are frequency reused, therefore resulting in increased overhead and reduced spectral efficiency.

· The FDM approach is at RB level. Given that one RB provides up to 36 format-1 or 12 format-2 PUCCH resources (assuming normal CP), this reuse granularity may be inefficient for in the context of HeNB which may serve only a few UEs.
3 Hybrid PUCCH interference management approach
3.1 Rationale
To mitigate the PUCCH interference between HeNBs and MeNB, we propose the following interference management approach:
· The same base sequence is selected to be used for PUCCH transmission in co-deployed HeNBs and MeNB. Under such a condition, the PUCCHs of HeNBs and MeNB can be scheduled to the same RB or different RBs, which are separated either in the code domain or in the frequency domain.

· Thanks to the orthogonality of different cyclic shifts derived from the same basic sequence, under ideal conditions there is no interference between MUEs and HUEs even if their PUCCHs are transmitted in the same RB.

· The MUEs and HUEs that transmit UCI in different RBs are naturally orthogonal, thus causing no interference to one another.

· Since HeNBs and MeNB share the same PUCCH resource space, a mean of resource coordination is required. Options may include:

· A semi-static coordination strategy may reserve a subset of PUCCH resources (a subset of cyclic shifts and/or RBs) in MeNB which are dedicated for HeNBs. During initialization, the HeNB should try to communicate with the dominant MeNB by any type of available links defined in [1], in order to request for a subset of PUCCH resources for its own use.

· A centralized dynamic coordination strategy may allow the MeNB to take full responsibility for allocation of PUCCH resources for all UEs in its coverage area, including HUEs.
· In both options, a form of signaling between HeNB and MeNB is needed, for instance, for HeNBs to request for PUCCH resources from MeNB.
Proposal 1: Rel-10 should allow the same group of base sequence is selected to be used for PUCCH transmission in co-deployed HeNBs and MeNB.

Proposal 2: A resource coordination method selected from the two resource coordination options is needed. The selection of the options is FFS.
Proposal 3: A form of signaling between HeNB and MeNB is needed. The design of the signaling method is FFS.
PUCCH configurations in co-deployment of HeNBs and MeNB:
Option 1: As shown in Fig. 1, allocate as less PUCCH RBs as possible for HeNBs such that the available PUSCH resources in both MeNB and HeNBs are maximized. In this case, the PUCCH interference between a MUE and a HUE or between two HUEs is mitigated by the employment of different cyclic shifts.
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Fig. 1: HeNB PUCCH has a smaller bandwidth than MeNB PUCCH.

Option 2: As shown in Fig. 2, HeNBs and MeNB share the same PUCCH bandwidth. As the PUCCH resources allocated to different UEs can be separated in the frequency domain and in the code domain, the PUCCH interference from different UEs can be mitigated.
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Fig. 2: HeNBs and MeNB share the same PUCCH bandwidth.
Option 3: As shown in Fig. 3, PUCCHs of HeNB and MeNB can be assigned in a hybrid CDM+FDM way. This will be helpful when the number of HeNBs is large such that the pre-allocated HeNB PUCCH resources are exhausted or cyclic shifts are insufficient. Operators can further allocate more RBs (in frequency domain) for PUCCH of HeNBs.
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Fig. 3: FDM-based PUCCH allocation for HeNB and MeNB.
Proposal 4: Some or all of the three PUCCH co-deployment options should be considered. The selection of the options is FFS.
3.2 Further considerations
1. Impacts on MeNB capacity:
a) As mentioned before, since HeNBs and MeNB share the same PUCCH resource space, a mean of resource coordination is required to balance the PUCCH resource allocation.
2. Time synchronization between MeNB and HeNB is needed.
a) The TAs from MUEs which are in the coverage area of the HeNB concerned are assumed to be similar, because the HeNB coverage distance may be around 100m maximum, which is far less than the distance between MeNB and HeNB.

b) A kind of singling is needed for the HeNB to collect the above-mentioned MUE’s TA information. Then, the same TA may be applied to HUEs served by the HeNB for maintaining reasonable time synchronization.
3. Selection of the base sequences: 
a) The allocation of physical cell ID (PCI) can be optimized to facilitating the selection of base sequences. In current physical layer design, the choice of base sequences for PUCCH transmission depends on PCI. A total of 30 base sequences and 504 PCIs are defined in current specification [3], resulting in 504/30 = 16 different PCI groups, with each of which corresponding to a specific base sequence. Some mechanisms of allocating PCIs of HeNBs in [4] may be applicable, such as allocating PCIs by MeNB. There are two scenarios:
i. The number of HeNBs in the coverage area of the MeNB concerned is no larger than 16. In this case, the 16 PCIs in a PCI group can be allocated to up to 16 HeNBs for supporting the proposed PUCCH interference management approach.
ii. The number of HeNBs in the coverage area of the MeNB concerned is larger than 16. In this case, there are two options below (the selection of the options is FFS):
· Option 1:
Use a few PCI groups such that the interference between the HeNBs of different PCI groups is minimized. For example, the 16 HeNBs of Group A should not impose significant interference on the 16 HeNBs of Group B.
· Option 2:
Apply the hybrid deployment scheme which combines CDM (within a PCI group) and FDM (between different PCI groups), as shown in Fig. 3.
Note that in this case the backward compatibility with Rel-8/9 UEs can be maintained, since the allocated HeNB PCI guarantees that the same base sequence will be used by all type of UEs.
b) Another way may be to extend current SIB definition, or to introduce a new type of SIB for the sake of signaling the base sequence to be used:
i. In order to maximize backward compatibility, it is preferred to introduce a new type of SIB such that Rel-10 HUEs will use an appropriate base sequence indicated by the new SIB broadcasted by the HeNB.
ii. In any case, the HeNB should first be able to know the base sequence used by the interfering UEs. This can be achieved by some form of signaling from the MeNB to the HeNB, similar to the PCI allocation approach mentioned above. The signaling of base sequences from MeNB to HeNB is FFS.
4 Conclusion
In this contribution, we propose a CDM+FDM based PUCCH interference management mechanism for non-CA MeNB-HeNB co-channel deployment, which provides a flexible and resource-efficient way for mitigating the PUCCH interference due to co-deployment of MeNB and HeNBs. The basic rationale and some further considerations are offered. We suggest that the proposals below are considered and agreed:
Proposal 1: Rel-10 should allow the same group of base sequence is selected to be used for PUCCH transmission in co-deployed HeNBs and MeNB.

Proposal 2: A resource coordination method selected from the two resource coordination options is needed. The selection of the options is FFS.
Proposal 3: A form of signaling between HeNB and MeNB is needed. The design of the signaling method is FFS.

Proposal 4: Some or all of the three PUCCH co-deployment options should be considered. The selection of the options is FFS.
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