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1 Introduction

In HetNet deployment Low Power Nodes (LPNs) are deployed within a macro cell coverage to offload traffic from the macro cell.  The difference in LPN and macro cell transmit power leads to uplink-downlink imbalance issues [1].  The issue due to uplink-downlink imbalance is dependent upon the region where the UE is operating.  One such region is the “Strong Mismatch Zone” where one of the solutions is to introduce common E-RGCH.  This contribution further discusses the use of common E-RGCH for HetNet.
2 Discussion
Figure 1 shows a HetNet deployment where the LPN is under the coverage of the macro cell.  Here the uplink boundary is where the UE’s uplink path losses to the macro cell and LPN are the same.  The downlink boundary is where the UE’s received pilot powers from the macro cell and LPN are the same.  Since the LPN and macro cell transmission powers are different, this creates an uplink-downlink power imbalance.  Within this uplink-downlink imbalance region, a Strong Mismatch Zone is defined [2] where the UE is within the uplink-downlink imbalance region but not in SHO as shown in Figure 1.  The UE located in this zone would create strong interference to the LPN.
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Figure 1: UL-DL imbalance
SHO is not supported in CELL_FACH and therefore a cell is unable to control the uplink resource of an interfering neighbour UE.  This interference becomes significant when more UEs reside in CELL_FACH state given that CELL_FACH is more suitable for bursty traffic.  Hence, common E-RGCH was introduced in Rel-11 for Further Enhancement in CELL_FACH to give a way for a cell to control the uplink resource of an interfering neighbour UE by broadcasting this common E-RGCH to UEs in neighbouring cells that are within range.
The UEs in CELL_FACH that are capable of decoding common E-RGCH are likely to be UEs that would have been in SHO if they were in CELL_DCH.  These are also the UEs that would be likely to cause significant uplink interference to a neighbouring cell.  However, in HetNet, due to uplink-downlink imbalance, this is no longer the case since the uplink from the UE may be within range of the LPN to cause significant interference but the downlink signal from the LPN may not be within range.  In this case, the common E-RGCH may not be detectable by the UE in the Strong Mismatch Zone.

Observation 1: Due to uplink-downlink imbalance, the common E-RGCH may not be detectable by the UE in Strong Mismatch Zone.

The following are some possible solutions:
1. Extend the SHO region to cover Strong Mismatch Zone.  This would remove the need for common E-RGCH but creates other issues related to SHO in HetNet e.g. poor HS-DPCCH signal to the macro cell
2. Increase the broadcast power for common E-RGCH.  This would create additional interference and consume power resource for the LPN

3. Indicate to the macro cell to reduce the grant of the interfering UE.  This requires signalling via the RNC and introduces delay, albeit the delay may not be an issue since the NB normally needs a certain observation period on the RoT when it changes the grants.  However, the macro cell may not be able to identify the interfering UE.  Another possibility is for the macro cell to broadcast the common E-RGCH on behalf of the LPN and the interfering UEs, i.e. those that meet an Ec/Io criterion (similar to Rel-11) would obey the common E-RGCH command.
The relative merits of these solutions should be considered further. At this stage, the most promising kind of solution seems to be for the macro cell to transmit signalling to reduce the UE grants where necessary. 
3 Conclusion

In this contribution we consider some aspects of using common E-RGCH in Strong Mismatch Zone, where we observe that:
Observation 1: Due to uplink-downlink imbalance, the common E-RGCH may not be detectable by the UE in Strong Mismatch Zone.

Solutions would therefore need to be considered.  At this stage, the most promising kind of solution seems to be for the macro cell to transmit signalling to reduce the UE grants where necessary.
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