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1. Introduction
In [1], a method for control channel interference mitigation on the uplink was presented. In this contribution, we present a text proposal for inclusion of this method in the FDD HeNB TR 36.9xx.
2. References
[1]  R4-093220, “Heterogeneous Support for Reliable Downlink Control,” Motorola.
Text Proposal
7.x
Control of HeNB Uplink Interference

7.x.1
HeNB Uplink Control Channel Protection

In the uplink, physical uplink control channel (PUCCH) interference between

· HeNB (aggressor) to macro-eNB (victim), and

· macro-eNB (aggressor) to HeNB (victim)

can be mitigated by enabling orthogonal transmissions. Uplink control signaling (PUCCH, CQI) reliability can be maintained for both HeNBs and macro-eNBs by making use of PUCCH offsets for enabling orthogonal PUCCH assignments between the HeNB and macro-NB users. For PUCCH transmissions, over-provisioning can be made use of to ensure orthogonality of control channels between a HeNB UE and a macro-eNB UE as shown in Figure 7.x.1. It is possible to employ this method for Release-8  UEs without changing the physical layer design or RAN2 signaling. 
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Figure 7.x.1: UL control interference mitigation by PUCCH orthogonalization

7.x.2
Signaling offset over the backhaul

It would be desirable to for the macro-eNB to signal an offset to all HeNBs within its coverage area in order that transmissions from UEs connected to HeNBs do not cause interference at the macro-eNB receiver (e.g., a HeNB deployed in close range of a macro-eNB). Conversely, a macro-eNB UE that is at the cell edge and therefore transmitting close to its maximum transmit power can interfere severely with a HeNB UE and the signaled offset can be made use of to mitigate interference. Alternately, a HeNB gateway can signal over S1, the offsets that each HeNB should use, thus providing the capability of configuring orthogonal PUCCH transmissions in neighboring HeNBs thereby avoiding HeNB (aggressor) to HeNB (victim) interference on the uplink. 

One option for the HeNBs is to not allocate PUCCH resources on edge RBs as shown in Fig. 7.x.1 using over-provisioning. A typical macro-eNB deployment is likely to have PUCCH transmission on the band-edges to maximize the number of contiguous RBs that can be allocated to PUSCH. However, unlike macro-eNBs, utilizing the full uplink bandwidth may not be critical for HeNBs as they serve only a few users at a time. Therefore, the PUCCH resources in HeNBs can be “pulled” inward.  The edge RBs not used by the HeNBs can be used by the macro-eNB for PUCCH for its UEs. Also, the macro-eNB, being aware of the RBs used by HeNBs in its coverage area, can schedule users that are close-by (i.e., small pathloss relative to macro-eNB) on RBs that overlap with HeNB UE PUCCH region. This results in reduced interference from macro-eNB UEs to HeNB UE PUCCH. The HeNBs not allocating PUCCH on some of the edge-most RBs automatically provide additional out-of-band emission protection (e.g., adjacent band owned by a different operator).
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