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1 Introduction

A SI to study various aspects of UMTS HetNet was approved in RAN#57 [1] to study the use of LPNs in increasing the capacity of the network.  This contribution investigates the impact to uplink control channels in SHO under HetNet deployment.
2 Discussions
Consider a network consisting of only macro cells where the macro cells transmit using the same power as shown in Figure 1.  Here, we define an uplink boundary between two cells as the boundary where the uplink path losses from the UE to each of the two cells are equal.  Similarly, we define a downlink boundary between two cells as the boundary where the received pilot powers at the UE from both of these cells are equal.  In a macro cell only network, the uplink and downlink boundaries are about the same.  A SHO region between a serving cell and a non-serving cell usually exists on both sides of the uplink and downlink boundaries as shown in Figure 1.
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Figure 1: SHO in Macro network
In HetNet, LPNs are deployed within a macro coverage area, where the LPN has significantly lower transmission power than that of the macro cell.  Due to the difference in macro and LPN power, the uplink and downlink received powers in the macro and LPN cells are no longer balanced.  This uplink-downlink power imbalance causes the downlink boundary to shift towards the LPN, thereby separating the uplink and downlink boundaries as shown in Figure 2.  The SHO region is also shifted away from the macro serving cell and is likely to fall between the uplink and downlink boundary as shown in Figure 2.
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Figure 2: SHO in HetNet
Consider a UE in a SHO region with a separated uplink and downlink boundary as shown Figure 2.  The UE’s inner loop power control will be dominated by the LPN (non-serving cell), which would drive the UE’s transmit power down, thereby deteriorating the uplink signal to the macro serving cell.  Since HSDPA does not employ SHO, the uplink feedback signal, HS-DPCCH, suffers from low SINR and thereby impacts the HSDPA operation.  It is also noted in [2] that in addition to the HS-DPCCH, the Scheduling Info (SI) from the UE may also be impacted since the SI is read by the MAC-e layer at the macro serving cell and this will also impact E-DCH operation.  
The following options are considered:
1) Disabling SHO from LPN:  Although disabling SHO would avoid the UE from being power controlled down by the LPN, it will instead create high interference to the LPN from all the uplink channels.  This is undesirable.

2) Use a different (higher) power offset for HS-DPCCH whenever the UE adds a LPN that may cause high uplink and downlink power imbalance, into its Active Set.  The network can signal the use of this higher power offset during Active Set update.  The network can also define a higher offset can also act as the minimum power offset for sending SI.  If this power offset is lower than that used for E-PDCCH transmission in which an SI is piggybacked, then the UE uses the larger power offset for E-PDCCH transmission.  However, the pilot used for channel estimation may be at a weak SINR which may affect the demodulation of HS-DPCCH and SI. 
3) Introduce a 2nd pilot that is only power controlled by the (weaker) macro serving cell where the HS-DPCCH power is based [3].  This would allow the HS-DPCCH (and possibly SI) to be sent at the required power to the macro serving cell and also provide adequate pilot power for channel estimation.  However, the macro serving cell may power control up the 2nd pilot to a high level which may still cause some interference to the LPN, but the EPDCCH would follow the normal DPCCH power control which would be dominated by the LPN.  
Depending on the required pilot power at the macro serving cell, Option 2 and Option 3 could be feasible options.  If using a single (legacy) pilot power is sufficient to decode the HS-DPCCH, then Option 2 is sufficient; otherwise we may need to explore the possibility of using a 2nd pilot.
Proposal 1: Consider further the use of an HS-DPCCH power offset or an additional uplink pilot channel and power control loop to mitigate weak uplink control channel reception at the macro serving cell under SHO operation with a LPN.
3 Conclusion
In this contribution we discussed the impact to uplink control channels under SHO operation in HetNet and listed some options to mitigate this problem.  We propose to:
Proposal 1: Consider further the use of an HS-DPCCH power offset or an additional uplink pilot channel and power control loop to mitigate weak uplink control channel receptions at the macro serving cell under SHO operation with a LPN.
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