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1. Introduction

In RAN1#76bis meeting, the solution of extended E-HICH was proposed to be configured for the UE in the strong imbalance region [1]. With extended E-HICH the number of retransmissions for the uplink data is decreased due to the additional diversity gain from LPN, and the uplink interference from the Macro cell to the LPN will decrease. This contribution further investigates the benefit of introducing extended E-HICH by simulations, and discusses potential impacts to the specifications. 
2. Extended E-HICH in strong imbalance zone
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Figure 1: Modified E-DCH decoupling configuration in the Extended Active Set region

The strong interference from the UE in the strong imbalance zone is identified as an issue which should be resolved in the Hetnet WI [2]. To mitigate this interference, an additional E-HICH channel is proposed to be configured for the UEs in the strong imbalance zone [1]. As shown in Figure 1, the early event 1A can be configured and used to identify the UE in the imbalance zone. Based on this reporting, the RNC can configure an extended E-HICH channel from LPN on the identified UE and configure essential information and resources on the LPN to decode the UE uplink data.

The LPN can decode the uplink data from the related UE, and the HARQ-ACK will be fed back when the data is decoded correctly. Hence the number of retransmissions is reduced for the identified UE in strong imbalance zone. The uplink interference is reduced at the LPN due to reduced number of retransmissions. 
3. Evaluation 

Uplink performance 

Link level simulations are used to illustrate the benefit of introducing the extended E-HICH channel in the strong imbalance zone. The simulation assumptions are listed in Table 1. The FRC1 format of HSUPA is used and the UE TX power consumption is simulated with the same target data BLER for the two following cases: 
· UEs in strong imbalance zone without E-HICH from LPN (single radio link on Macro cell);
· UEs in strong imbalance zone with extended E-HICH from LPN.
Table 1 Simulation assumption for uplink HSUPA performance
	Parameter
	Value

	HSUPA data service model (FRC1 in TS 25.104)
	Maximum. Information. Bit Rate 
	1353.0 kbps

	
	TTI
	2 ms

	
	Number of HARQ Processes
	8 processes

	
	Information Bit Payload (NINF)
	2706 bits

	
	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	3840 bits

	
	Coding Rate (NINF/ NBIN)
	0.705

	RSCP difference: RSCP_Macro – RSCP_LPN
	6dB, 9dB

	ILPC in Macro
	Turn on

	ILPC in LPN
	Turn off

	Assumption on extended E-HICH from LPN
	MDR: 5%, 10%, 15%

FAR: 0.2% , according to TS 25.101 requirements[3]

	Simulation Metric
	Required TX Ec/No with the target of 90% of full data rate
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Figure 1 Uplink performance with and without extended E-HICH in strong imbalance zone (RSCP difference = 9dB)
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Figure 2 Uplink performance with and without extended E-HICH in strong imbalance zone (RSCP difference = 6dB)
Simulation results are illustrated in Figures 1 and 2 for RSCP difference of 9dB and 6dB, respectively. For 90% throughput:

· for RSCP difference of 9dB, extended E-HICH with 5% MDR introduces about 1.8dB gain on UE TX Ec/No compared with baseline w/o extended E-HICH;

· for RSCP difference of 6dB, extended E-HICH with 5% MDR introduces more than 3dB gain on UE TX Ec/No;

Observation 1: Introducing extended E-HICH in the strong imbalance zone with RSCP differences from 6dB to 9dB provides significant uplink gains.

Comparing the two figures, it is observed that the gain of extended E-HICH increases when the RSCP difference decreases. This is because the uplink radio link to the LPN becomes better when the RSCP difference decreases meaning that the UE is closer to the LPN.

Observation 2: The uplink gain increases when the UE moves closer to the LPN.
Comparing the curves for 5% MDR and 15% MDR, we observe:
· for RSCP difference of 9dB, loosening the MDR requirement from 5% to 15% for the extended E-HICH causes less than 0.2dB loss in uplink, which means that the extended E-HICH overall introduces about 1.6dB gain in uplink;

· for RSCP difference of 6dB, loosening the MDR requirement from 5% to 15% for the extended E-HICH causes less than 1dB loss in uplink, however there is still more than 2dB uplink gain.
Observation 3: Loosening the MDR requirement to 15%, extended E-HICH still introduces 1.6~2dB uplink gain for UEs in the strong imbalance zone with RSCP from 6dB to 9dB. 
Downlink performance
The downlink performance of the extended E-HICH channel from LPN is evaluated using link level simulations. The simulation assumptions are aligned with the TR 25.800 [2]. The FAR of the extended E-HICH is set to 0.2% which is the same as for the non-serving radio link in TS 25.101.

Table 2 Simulation assumptions for downlink E-HICH performance
	Parameter
	Value

	RSCP_Macro – RSCP_LPN
	6dB, 9dB,12dB and 15dB (the Macro and LPN Ior/Ioc settings are the same as that in the Table 38 in TR 25.800)

	FAR requirements for extended E-HICH
	FAR: 0.2% [TS 25.101]

	UE Reciever
	Rake + 2RX
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Figure 3 Ec/Ior on LPN for extended E-HICH
Simulation results in Figure 3 show that for the dual Rx UE, with the target of 15% MDR, the Ec/Ior of the extended E-HICH is less than -20dB for the imbalance region with RSCP difference from 6dB and 9dB. If larger imbalance region including 12dB RSCP imbalance is considered, the Ec/Ior for extended E-HICH from LPN is still less than -16dB for 12dB RSCP difference. 

In conclusion, from the uplink link level simulation, we see that the MDR of 15% is an acceptable point which can introduce about 1.6dB~2dB uplink gain in the imbalance region. From the downlink link level simulation, for the imbalance region with RSCP difference from 6dB to 9dB, the extended E-HICH power consumption is less than -20dB to achieve 15% MDR requirements. For the region from 9dB to 12dB RSCP imbalance, the Ec/Ior increases from -20dB to -16dB.
Proposal 1: Introduce extended E-HICH feature in strong imbalance zone.

4. Introducing extended E-HICH in strong imbalance zone

Directly extending the soft handover region over the strong imbalance zone can be done in current networks, however there are scenarios when the LPN is code/power resource limited, and cannot support a large soft handover region. The strong imbalance region would then be outside the soft handover region. One example is the region with RSCP larger than 9dB for which it would be difficult to extend the soft handover region. In such scenarios, it is not possible to directly extend the soft handover region to cover the strong imbalance region.
Furthermore, when extending soft handover to cover a large area in order to include the strong imbalance region, there would be performance degradation due to the bad quality of the downlink TPC from LPN. Link level simulations from the TR25.800 [2] are used here to show this degradation. The simulation assumptions are listed in Table 3, and the simplified HetNet topology in TR 25.800 (subclause 7.2.1.1.1) is considered. We consider the area with the RSCP difference from 6dB to 9dB, and the Macro and LPN Ior/Ioc values at these two locations are listed in Table 4. REF _Ref387329088 \h 

Table 3
Simulation assumptions
	Parameter
	Value

	Number of antennas at the UE
	Rake + 2RX

	Max F-DPCH Ec/Ior
	-10 dB

	Channel Estimation
	Realistic

	Propagation Channel
	PA3

	Target TPC BER for serving link
	4%


Table 4
LPN Ior/Ioc and Macro Ior/Ioc at RSCP difference 6dB and 9dB

	RSCP difference (RSCPMacro – RSCPLPN)
(dB)
	LPN Ior / Ioc

(dB)
	Macro Ior / Ioc

(dB)

	6
	4.98
	10.98

	9
	2.29
	11.29


The simulation results are shown in Table 5. Due to the large imbalance in downlink, while the TPC BER of F-DPCH from the Macro cell is below 4%, in the strong imbalance zone the TPC BER of the LPN F-DPCH is in the range of 23.7%~31.7%, meaning that the downlink TPC from the LPN is completely unreliable.
Table 5 TPC BER of the LPN F-DPCH for the alternative 1 (extending SHO)
	RSCP difference (RSCPMacro – RSCPLPN)
(dB)
	Macro F-DPCH

TPC BER 

(%)
	Averaged Macro F-DPCH Ec/Ior (dB)
	LPN F-DPCH

TPC BER 

(%)
	Averaged LPN F-DPCH Ec/Ior (dB)

	0
	3.8
	-22.8
	8
	-22.8

	3
	4.3
	-25.7
	16
	-25.7

	6
	3.9
	-27.5
	23.7
	-27.5

	9
	4
	-29
	31.7
	-29


It is observed that if SHO is extended to cover the strong imbalance region, the TPC from LPN in the strong imbalance region has very high BER causing unreliable uplink power control. Increasing the transmit power of F-DPCH from the LPN would cause an excessive power consumption at the LPN and this should be avoided especially in high load situations. 
In scenarios where the SHO region cannot be extended over the strong imbalance zone, the extended E-HICH solution can be applied. As expected the extended E-HICH solution provides additional diversity gains as shown in Section 3. It is then beneficial to introduce a solution to support the extended E-HICH in the strong imbalance region outside the traditional SHO region. The following alternative solutions can be considered:

· Alternative 1: Configure the extended E-HICH in the non-SHO imbalance zone;

· Alternative 2: Modifying the concept of active set to introduce extended E-HICH in strong imbalance region.
Proposal 2: Adopt alternative 1 or 2 to introduce the extended E-HICH feature in the strong imbalance zone. 
5. Conclusion

In this paper, downlink and uplink simulations show significant gain when using the E-HICH channel from LPN in the strong imbalance zone in Hetnet. The expected gains are due to the additional diversity gain provided by the E-HICH. We have the following observations:
Observation 1: Introducing extended E-HICH in the strong imbalance zone with RSCP differences from 6dB to 9dB provides significant uplink gains.

Observation 2: The uplink gain increases when the UE moves closer to the LPN.
Observation 3: Loosening the MDR requirement to 15%, extended E-HICH still introduces 1.6~2dB uplink gain for UEs in the strong imbalance zone with RSCP from 6dB to 9dB. 
Based on the above analysis and results, we have the following proposals:

Proposal 1: Introduce extended E-HICH feature in strong imbalance zone.
Proposal 2: Adopt alternative 1 or 2 to introduce the extended E-HICH feature in the strong imbalance zone.
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