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1 Introduction

A study item on UMTS heterogeneous networks was approved to be studied in RAN1 in RAN plenary #57 [1]. This contribution discusses uplink control issues in context of HetNet study.
2 Discussion
One part of objectives for HetNet study item is finding interference issues and solutions for those in co-channel scenario:

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques

· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques

· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells

There have already been several contributions describing different interference cases for HetNet co-channel scenario. One issue mentioned in most of them has been interference problem with HS-DPCCH channel reception in HSDPA serving cell. In problematic case the UE has smaller path loss to small cell but serving cell is the macro node B due to node B transmission power imbalance. This is illustrated in Figure 1. Imbalance in pathloss can be relatively high since it depends on node B transmission power and pilot Ec/Ior. Even assuming pilot Ec/Ior to be the same for each node B differences in transmission power can be up to 43dBm-24dBm=19dB. In case where HS-DPCCH problems occurs the serving macro cell performs the downlink HSDPA transmission and uplink is in macro diversity. The uplink power control is thus dominated by the small cell reception performance. This may cause a situation where uplink transmission power can get too low for successful reception of HS-DPCCH in the serving node B only because HS-DPCCH reception does not utilize macro diversity. One solution to this problem is increasing beta factor for HS-DPCCH in the cases where uplink/downlink imbalance is high.
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Figure 1 UE in position where macro acts as HSDPA serving cell.
Another issue quite similar to HS-DPCCH problem occurs when Scheduling Information (SI) for E-DCH is transmitted. SI is located in the end of MAC-e or MAC-i PDU and consists of following fields [2]:

· Highest priority Logical channel ID (HLID) 
· Total E-DCH Buffer Status (TEBS):
· Highest priority Logical channel Buffer Status (HLBS):
· UE Power Headroom (UPH):
Scheduling information is transmitted on E-DCH and received only by E-DCH serving cell instead of macro diversity which is generally used for E-DCH data. There are two different cases for transmission of SI depending on whether it is transmitted together with data or not:
1. When the Scheduling Information is sent alone:

· The power offset is configured by RRC and the maximum number of re-transmissions is defined by the standard
· HARQ (re)transmissions are performed until an ACK from the RLS containing the serving cell is received or until the maximum number of transmissions is reached
2. When the Scheduling Information is sent with data
· HARQ power offset for the highest priority data is used and the maximum number of transmissions among all the considered HARQ profiles associated to the MAC-d flows for the MAC-e / MAC-i PDU to be transmitted
· HARQ (re)transmissions are performed until an ACK is received, or until the maximum number of transmissions is reached
· if the UE receives an ACK from an RLS not containing the serving cell for a packet that includes scheduling information, it flushes the packet and includes the scheduling information with new data payload in the following packet
Obviously increasing E-DCH beta factor can be used as a solution in transmission case 1 but in case 2 it would cause increased transmission power also for data payload which has been determined by E-TFC selection procedure with the constraint of maximum allowed E-DCH transmission power. Hence there is a high possibility that maximum transmission power determined by serving grant would be exceeded. Also E-DCH data other than SI is received in macro diversity mode, which would further affect the outer loop power control action. Hence a different solution is needed for case 2. One option for this case would be e.g. to change E-TFC selection behaviour similar to what has been done for the secondary carrier in the UL MIMO case. Usage of HARQ could mitigate the problem if UL path loss difference is small. However, severe imbalance in UL path losses for the different node Bs could still cause problems in the SI reception at the serving cell. In such case it is possible that non-serving node B always acknowledges the transport block containing SI and hence prevents delivering it to the serving cell.
Both HS-DPCCH and SI reception issues discussed in this contribution are proposed to be studied further:

Proposal 1 Study the issue of HS-DPCCH reception in HetNet macro diversity mode.
Proposal 2 Study the issue of SI associated data transmission in HetNet macro diversity mode.
3 Conclusion
In this paper we have discussed uplink control issues in UMTS heterogeneous networks context. Discussion is proposed to be taken into account when study item results are considered.
Proposal 1 Study the issue of HS-DPCCH reception in HetNet macro diversity mode.
Proposal 2 Study the issue of SI associated data transmission in HetNet macro diversity mode.
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