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1 Introduction
A working item on UMTS Heterogeneous Networks Enhancements was started in RAN#62 [1] and updated RAN#63[2]. One of the objectives of this work item is:

Co-channel interference management - Specify solutions to mitigate UL/DL imbalance. (RAN1/2/3/4)

· Specify a solution to ensure the reliability of HS-DPCCH and other uplink channels (DPCCH, E-DPCCH and E-DPDCH), considering the introduction of additional channels or dynamic power adjustments of control and data channels.
This objective says that one solution for ensuring that uplink control channel information is reliably received in the serving cell in a heterogeneous network deployment should be specified in release 12. More specifically, we should consider how to ensure that essential control information is reliably received in the serving cell when a user is in soft handover with a serving Macro cell and at least on LPN in the active set.

One solution [3] to the above problem is the so-called secondary pilot scheme [4], where a secondary UL pilot channel is introduced which is power controlled solely by the serving macro cell. The HS-DPCCH uses this new pilot channel as reference in order to ensure that the HS-DPCCH is reliably received in the serving macro cell. The impact of introducing a secondary pilot is studied through system simulations in this contribution. A thorough conceptual description of the problem and solution is given in [6].
2 The Uplink/Downlink Imbalance Problem

The co-channel heterogeneous network deployment scenario has LPNs deployed within the macro-cell coverage area, where the transmission/reception points created by the LPNs have different cell IDs as compared to the macro cell. Since LPNs and macro NodeBs may have different transmit power levels, the uplink and downlink cell borders will not necessarily coincide. An example of this is when a UE has a smaller path loss to the LPN, while the strongest received power is from the macro NodeB. The region between the equal path loss border and equal downlink received power (CPICH receive power) border is referred to as the imbalance region; see Figure 1. When the UE is in SHO in this region (both Macro and LPN are included in the active set) and therefore essentially power controlled towards the LPN, it might be problematic to reliably receive control channels in the serving cell (macro NodeB) due to the weak link between the serving NodeB and the UE. For example, the HS-DPCCH (which carries HARQ-ACK and CQI information to support DL data transmission) and in-band/out-band scheduling information need to be received in the serving cell with sufficient good quality. Consequences such as bad HSPA cell throughput in the serving cell, poor user throughput/experience, state-oscillations and dropped calls may otherwise be present. 

[image: image1]
Figure 1: Illustration of a heterogeneous network deployment.

During RAN1#76, a number of solutions addressing the uplink control channel robustness problem were discussed. One of these solutions is to introduce a new secondary pilot channel, referred to in the following as DPCCH2, which acts as the reference for the HS-DPCCH and is power controlled only by the serving cell. The data decoding performance is unaffected since the E-DPCCH and E-DPDCH are still referenced to the legacy DPCCH. 
As discussed in [6], it can be beneficial to set also E-DPCCH relative DPCCH2. This has not been considered in the simulations presented below, i.e. the E-DPCCH is set relative DPCCH and an ideal reception of E-DPCCH is assumed. The impact on UL traffic depending on whether E-DPCCH is set relative DPCCH or DPCCH2 given a realistic error model for E-DPCCH is a bit difficult to predict. Setting E-DPCCH relative DPCCH2 would increase the UL interference slightly, but would ensure that the serving cell receives scheduling information reliably.
One of the benefits of the DPCCH2 is that the reliable reception of the HS-DPCCH is ensured even for UEs in SHO with both a macro and LPN, and having the macro as its serving cell. In this case DPCCH will be power controlled by the LPN while DPCCH2 is power controlled by the macro. In this way the DPCCH2 quality can (in principle) be well guaranteed and consequently HS-DPCCH reception can be ensured. The impact to the LPN is also minimized since the additional impact is only due to the DPCCH2 and the data channels are not affected.
3 Simulation Assumptions
The simulations are carried out in accordance with the agreed HSPA Heterogeneous Networks evaluation methodology [5]. Full buffer simulations are assumed in both UL and DL. The assumed channel model profile is PA3, the ISD equals 500 m, LPN dropping is uniform, UE dropping is uniform and all UEs are modeled as outdoor ones. An LPN power of 24 dBm, 4 LPNs per macro sector, 8 UEs per macro sector and an LPN Cell Individual Offset (CIO) of 3 dB are considered.
The new secondary pilot channel is power controlled by the serving cell with a separate and fixed SIR target of 3 dB. Hence, no outer-loop power control is enabled for the DPCCH2. Furthermore, two working modes are investigated for DPCCH2: 
· Always active: DPCCH2 is always present no matter if the UE is in the imbalance area or not, and the HS-DPCCH uses the DPCCH2 as its reference. 
· Selectively active: DPCCH2 is only transmitted by UEs in SHO with a serving macro cell and at least one LPN in the active set. Whenever a UE does not fulfill this requirement, the DPCCH2 is turned off and the HS-DPCCH uses the ordinary DPCCH as its reference. 
The HS-DPCCH uses two different C/P settings to control the power (or amplitude) relative the reference control channel (DPCCH for baseline and DPCCH2 for the secondary pilot case). HARQ-ACK miss detection probability is modeled according to both the received SINR of HS-DPCCH at the serving cell and a detection threshold determined for limiting the false alarm probability at 1%. All cases are also compared with an ideal HS-DPCCH, where ideal here means that the HARQ-ACK feedback is always received without error.
Perfect CQI decoding is assumed, so any link adaptation problems related to bad CQI detection are not reflected in the results. This is a simplification that may lead to somewhat optimistic performance in imbalance scenarios and hence less benefit with DPCCH2. However, it is expected that the main contributor to degraded HS throughput in imbalance SHO is the HARQ-ACK detection problem.
A summary of system level simulation assumptions is provided in Table 1.
Table 1: System level simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 Node B, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5 MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometers

LPN: L=140.7 + 36.7log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation: 8 dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation: 1.0

Correlation Distance: 50 m 

	Antenna pattern
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LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20 dB

	Maximum UE EIRP
	24 dBm

	Maximum Tx Power of NodeB per cell
	Macro Node: 43 dBm

LPN: 24 dBm

	Max BS Antenna Gain
	Macro cell: 14 dBi

LP cell: 5 dBi

	Max UE Antenna Gain
	0 dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	CIO
	3 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH.
Power available for HS-PDSCH is 80% of the total cell Tx power

	Number of DL HARQ processes
	6

	 DL HARQ
	Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority

	Total DL overhead power
	20%

	Receiver
	Type 3 (both UL and DL) 

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 

R1b (reporting range constant) = 4.5 dB 

	Max active set size
	3

	UL HARQ 
	Maximum of 4 transmissions. Target BLER=1% after 4th transmission 

	RoT
	Macro cell: 6 dB

LPN: 6 dB

	Traffic model
	Full buffer both uplink and downlink

	Total number of users
	8 per macro cell 

	User dropping criteria
	Random with uniform distribution

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO


4 Simulation Results
In this contribution, the UL and DL user throughput (mean, median and 5-th percentile) is evaluated for five different scenarios. The statistics of the results are presented for different groups of users:

· All users, i.e. all users independent on if they are in SHO or not. This provides average statistics over the full population of users.

· Imbalance SHO users, i.e. users that are in SHO with a serving macro cell and at least one LPN. This provides statistics for the users expected to have problems with HS-DPCCH reception in the baseline case and where the benefits of the DPCCH2 solution are largest.

First we study the relative DL and UL performances between different schemes when the DPCCH2 is selectively active, i.e. only to imbalance SHO users. The results are presented in Figure 1- Figure 3.

In Figure 1, the baseline and DPCCH2 solution scenarios, both with C/P -3dB and -6dB, are compared to the ideal baseline scenario for imbalance SHO users. Hence, the loss shown in the figures is relative to having an ideal reception of the HS-DPCCH. As can be seen, there is a large degradation in DL throughput for imbalance SHO users caused by the insufficient reception quality of HS-DPCCH at the serving macro in the baseline scenarios. For the baseline scenario, the reduction is over 40% in mean DL throughput. On the other hand, the DPCCH2 solution shows a much smaller reduction. For C/P -3dB, the reduction is in the order of 5% for the mean DL throughput. It should be noted that by altering the SIR target for DPCCH2 or the C/P setting, it is possible to reduce the DL throughput loss even further. However, this comes with a cost of increased overhead in the UL and consequently reduced UL throughput.
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Figure 1. DL throughput relative ideal baseline, only imbalance SHO users considered in statistics. A HS-DPCCH C/P of -3dB or -6dB is used. DPCCH2 is selectively active, i.e. only for imbalance SHO users.
Also when we consider the statistics for all users there is degradation as depicted in Figure 2, although the majority of users do not suffer from insufficient reception quality of the HS-DPCCH at the serving cell.  For the baseline, the reduction is 15% and 7% while for the DPCCH2 cases it is 11% and 3% for C/P -6dB and -3dB, respectively. This clearly demonstrates that insufficient reception quality of HS-DPCCH at the serving macro for users in SHO with an LPN has a large impact on the DL throughput.
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Figure 2. DL throughput relative ideal baseline, all users considered in statistics. A HS-DPCCH C/P of -3dB or -6dB is used. DPCCH2 is selectively active, i.e. only for imbalance SHO users.
The use of the DPCCH2 will increase the UL overhead and may lead to reduced UL throughput. In Figure 3 the UL throughput for the baseline and DPCCH2 solution when selectively active (only for imbalance SHO users) is depicted. It is seen that the UL throughput is only slightly reduced.
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Figure 3. UL throughput relative ideal baseline, all users considered in statistics. A HS-DPCCH C/P of -3dB or -6dB is used. DPCCH2 is selectively active, i.e. only for imbalance SHO users.
We then study the impact when the DPCCH2 is always active, i.e. not only for the imbalance SHO users, to see the impact the added overhead might have on UL throughput. The degradation in UL throughput when the DPCCH2 is always active and when only being selectively active is shown in Figure 4, where statistics over all users is shown. It is clear that there is degradation in UL throughput by always transmitting the DPCCH2. The loss in mean UL user throughput is in the order of 3% when only the imbalance SHO users transmit DPCCH2 and in the order of 7% when all users transmit the DPCCH2.
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Figure 4. UL throughput relative ideal baseline, all users considered in statistics. DPCCH2 is selectively active (S-act) or always active (A-act).

In the simulations presented in this contribution, the DPCCH is used to transmit the DL TPC bits to power control the F-DPCH from the macro cell. This may cause problems for the inner loop power control of the DPCCH2 since the DPCCH may not be reliably received in the macro cell for imbalance SHO users. In Figure 5, the UL TPC error on the F-DPCH from the serving macro cell as received by the imbalance SHO users is depicted as well as the DL TPC error on the DPCCH as received in the serving macro cell from the imbalance SHO users. Also depicted in this figure are the UL and DL TPC error rates statistics over all users. The mean UL TPC error rate is 6% and the mean DL TPC error rate is 11% for imbalance SHO users compared to 2% and 4% for all users. It is clear that the DL TPC is affected by the poor DPCCH quality and consequently also affects the UL TPC error rates. The negative impact on the inner-loop power control of the DPCCH2 may affect the performance of the DPCCH2 solution negatively. A possible remedy for this is to transmit the DL TPC bits on the DPCCH2 instead of the legacy DPCCH. Note that even with the relatively high TPC error rates taken into account, the DPCCH2 still offers considerable gain compared to baseline as shown in this contribution.
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Figure 5. UL TPC error rate and DL TPC error rate for imbalance SHO users and all users. 
5 Conclusion
In this contribution, we investigate the impact of HS-DPCCH HARQ-ACK reliability on the DL performance. Furthermore, the second pilot solution, where a new secondary pilot channel which is power controlled from the serving cell acts as the reference for the HS-DPCCH channel, is investigated through system simulations. 
We show that UEs in SHO with a serving macro and an LPN in the active set suffer considerably from the unreliable legacy HS-DPCCH HARQ-ACK transmission and their DL performance is degraded by more than 40%. With the new secondary pilot solution, the loss in DL throughput can be significantly reduced or even completely removed, depending on how the SIR target is set for the secondary pilot and what C/P is used for HS-DPCCH. In the UL, a limited reduction of 3% for all users when the second pilot solution is employed can be observed. 
It is further shown that it is advantageous to only transmit the secondary pilot when the UE is in SHO with a serving macro and an LPN in the active set compared to transmitting it always.
We also examine the UL and DL TPC errors for inner-loop power control of the secondary pilot from the serving macro. It is concluded that although the DL TPC error rate at the serving macro cell is 11% when the legacy DPCCH is used to transmit the DL TPC bits, the secondary pilot solution proves to efficiently limit the DL throughput loss. 
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