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1. Introduction

During the HetNet SI, the uplink interference from the UEs that are not in SHO has been identified [1]. One of the objectives of the Hetnet WID [2] is to specify a solution to minimize the interference generated by UEs that are not in soft handover towards macro and LPN base stations, and consider Extended Active Set and ICIC to apply to such UEs.
In this contribution we discuss the use of Extended Active Set and ICIC in HetNet, as well as the impact of introducing such methods in the specifications.
2. Uplink interference in Hetnet
As discussed in the SI phase [1], there are two types of uplink interference generated by non-SHO UEs. 
One is the interference to the LPN generated by the Macro UE in the imbalance region between Macro and LPN but outside the SHO region. The victim LPN cannot send E-RGCH to reduce the interference because it is not part of the Active Set of the UE. 
The other one is the interference to the Macro NodeB generated by the LPN UE. The LPN UE will enjoy generous grant if it is very close to the LPN. Since Macro is not in the Active Set of the LPN UE, it cannot use E-RGCH to reduce LPN UE grant when the LPN UE is generating excessive uplink interference at the Macro NodeB. 
3. Extended Active Set and ICIC solutions
3.1 Extended Active Set
As discussed in [3], Extended Active Set can be used to identify the non-SHO UE in current deployments, in which the non-SHO UE reports an early event 1A to the RNC. Once the non-SHO UE is identified, the RNC can indicate related information to the LPN to enable ICIC operation on LPN.

E-DCH decoupling operation is activated in the SHO region. In [4], it was proposed to apply E-DCH decoupling also in the non-SHO imbalance region. As shown in Figure 1, the major concern for extending the E-DCH decoupling beyond the SHO region is the power consumption of the downlink control channels from LPN, such as E-AGCH, E-RGCH/E-HICH and F-DPCH.
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Figure 1: Interference scenario
3.1.1 Inter Cell interference Cancellation

Advanced LPNs may have the capability to perform ICIC. RNC can send the identified UE information to an IC capable LPN so that interference at the LPN can be reduced without compromising the performance of the interfering UE. The information sent to the victim cell (LPN) is necessary to decode UE E-DCH and DCH channels. This can be done via the network and can be applied to legacy UE. 

In order to decode the non-SHO UE uplink data correctly, the information listed in Table 1 is needed by the LPN.
Table 1: Information needed at the LPN to perform ICIC
	Information required for normal configuration
	Information required for UL MIMO configuration
	Information required for UL compressed configuration
	Information required for DTX mode configuration

	UL scrambling code, UL DPCCH Slot Format, Frame Offset, Chip Offset, Maximum Number of UL DPDCHs, Maximum Set of E-DPDCHs, Puncture Limit, E-TFCS Information, E-TTI, E-DPCCH Power Offset
	UL S-E-DPCCH Power Offset
	Frequency specific compressed mode
	DTX Information


We propose:

Proposal 1: Standardize the uplink ICIC solution to solve the uplink interference caused by the non-SHO UE.
Proposal 2: Send an LS to RAN3 to indicate the necessary information to perform ICIC.
3.1.2 Modified E-DCH decoupling configuration for non-SHO UEs
One aspect regarding the non-SHO UE in the imbalance zone is that the uplink signal strength is high at the LPN, meaning that the interference at the LPN is high and that the interference signal could be decoded at the LPN. In order to extend the benefit of soft handover and E-DCH decoupling to non-SHO UE in the imbalance zone (see Figure 2),
· The LPN downlink channels are configured as follows:

· Only low power consumption control channels like E-HICH is configured and transmitted by the LPN (extended E-HICH)
· High power consumption control channels like F-DPCH, E-RGCH and E-AGCH are NOT configured

· The LPN decodes the uplink channels of the non-SHO UE: if data is correctly decoded an ACK is sent on the extended E-HICH, otherwise DTX is sent.
· Optionally, the LPN relays the E-AGCH to the Macro via RNC to control the grant of the non-SHO UE.
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Figure 2: Modified E-DCH decoupling configuration in the Extended Active Set region

If the early event 1A is reported, the non-SHO UE in the imbalance zone is identified. In the basic solution of extended active set, the UE information, such as scrambling code, will be indicated to the LPN to enable ICIC operation. The LPN will have all of the essential information to decode the data from the identified UE. If the extended E-HICH is configured for the non-SHO UE, the UE can stop unnecessary retransmissions. The uplink interference is reduced at the LPN due to shorter transmission duration from the Macro UE. The BLER calculated at the RNC for the identified UE is decreased due to the additional macro diversity from the LPN. In this case the RNC can update the reference Beta_ed value for better uplink efficiency. The Macro cell would decrease the grant resulting in reduced uplink interference while fulfilling the same uplink data rate requirement.
With the benefit of the additional uplink diversity gain, the extended E-HICH configuration mitigates the power consumption issue of LPN downlink control channel because the high consumption channels from the LPN such as F-DPCH and E-AGCH channels are not configured for the identified UE. According to the control channel evaluation results in 25.800 [1] (also in the Annex of this contribution), it can be seen that the non-serving E-HICH channel carrying only ACK information could be received by the UE in low geometry with moderate power consumption. Considering that the LPN feeds back DTX when data is not decoded correctly, the E-HICH channel will not be transmitted all the time. Based on this, the power consumption of the extended E-HICH would be low.
In summary, with the configuration of the extended LPN E-HICH in the non-SHO imbalance region, additional uplink diversity gain is obtained for the identified non-SHO UE and the uplink interference to the LPN is reduced, due to
· The reduced number of retransmission due to the LPN additional diversity;
· The reference Beta_ed can be updated by the RNC considering additional diversity gain and hence the grant can be reduced by Macro cell;

· The use of ICIC operation;
· The grant control is performed by the LPN.
The issue of LPN downlink control channel for E-DCH decoupling in non-SHO area is avoided because only the low power consumption channel (E-HICH) is configured and sent by the LPN to the identified UE.
Proposal 3: Enable the UE to receive extended E-HICH from the non-serving LPN when UE is identified in the non-SHO imbalance region by the network.
4. Impact to specifications

4.1 ICIC

ICIC is available to legacy UE. Only new RAN3 signaling is required [5]. New procedure is introduced for the uplink ICIC in both Iur/Iub, i.e. RNC indicates the uplink IC information to the victim NodeB which performs ICIC and further can inform the RNC of the ICIC result. The uplink IC information includes the UL scrambling code, UL DPCCH Slot Format, Frame Offset, Chip Offset, Maximum Number of UL DPDCHs, Maximum Set of E-DPDCHs, Puncture Limit, E-TFCS Information, E-TTI, E-DPCCH Power Offset, UL S-E-DPCCH Power Offset, UL compressed pattern and DTX pattern.
4.2 Modified E-DCH decoupling configuration
The modified E-DCH decoupling solution (applying extended E-HICH for non-SHO UE) is applied together with the Extended Active Set. Extended Active Set does not require any specification changes. The extended E-HICH solution needs new configurations.

Impact to RAN1 specifications:

· No impact (E-HICH sent to the UE in the non-SHO region can use the same format as non-serving E-HICH for SHO UE)
Impact to RAN2 specifications:

· RRC signaling to configure the extended E-HICH and uplink timing on the identified non-SHO UE so that the UE can receive E-HICH from the LPN

Impact to RAN3 specifications:

· Iub signaling to configure the LPN to only signal the E-HICH to the identified non-SHO UE.
5. Conclusions

In this contribution we discuss the use of Extended Active Set and the uplink interference control on LPN. The ICIC solution mitigates the uplink interference from non-SHO UEs. 
Proposal 1: Standardize the uplink ICIC solution to solve the uplink interference caused by the non-SHO UE.
Proposal 2: Send an LS to RAN3 to indicate the necessary information to perform ICIC.
The modified E-DCH decoupling configuration is proposed to extend the benefit of E-DCH decoupling and soft handover to the non-SHO UE in the imbalance zone. By configuring the extended E-HICH for the LPN, an obvious additional diversity gain can be obtained for non-SHO UE and hence the uplink interference can be reduced accordingly. The high power consumption control channels, such as E-AGCH and F-DPCH are not configured at the LPN, so the high power consumption is avoided. Results for control channel evaluation in the TR 25.800 show that the overhead for transmitting the extended E-HICH is minimal. 
Proposal 3: Enable the UE to receive extended E-HICH from the non-serving LPN when UE is identified in the non-SHO imbalance region by the network.
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7. Annex

The extended E-HICH for the non-SHO UE is similar like the E-HICH channel of the non-serving cell for SHO UE. Hence, the simulation assumption and the requirement on FAR (0.2%) and MDR (5%) requirements are aligned with that for the non-serving E-HICH channel in the TR 25.800 (section 7.2.1.1) [1].

The results in the Table 52 in TR 25.800 are used here to show the power consumption of the extended E-HICH. As shown in Figure 2, the extended E-HICH is applied in the non-SHO imbalance region. Taking a typical scenario as example, while 3dB CIO is applied, and the active set margin is assumed to be 3dB. Assuming transmit power is 30dBm, the maximum uplink path loss difference to Macro cell and LPN is 13dB for UE. The uplink path loss difference of the position corresponding to one CIO value can be calculated by (13 – CIO) dB, which is listed in the first column of the table. A larger path loss difference for a Macro UE causes larger uplink interference to the LPN. The imbalance zone corresponds to the area with the uplink pathloss difference ranging from 7dB to 0dB for the 30dBm LPNs. Hence we focus on the LPN non-serving E-HICH performance for the CIO values from 6dB to 12dB in the table.
From the dual RX UE results from table 52 in TR 25.800, it shows that for dual rx UEs, the Ec/Ior for extended E-HICH channel is -20dB, -17dB and -13dB for the non-SHO UE on the position with 7dB, 4dB and 1dB uplink path loss respectively. This shows that for dual rx UE the extended E-HICH channel consumption is less than -17dB in the region with severe uplink interference to LPN (with the the uplink path loss difference larger than 4dB). From the region with the path loss difference less than 4dB, the power consumption of extended E-HICH is from -17dB to -13dB. However, considering the uplink interference to LPN is not so high in this region because of low path loss imbalance, the LPN can just send DTX on the extended E-HICH for these UEs to save the power for extended E-HICH.
Another point is that as the LPN will send DTX if the data is not decoded correctly, this means the LPN will not send the extended E-HICH all the time. Hence the realistic power consumption in system for the extended E-HICH should be less than that in the table.
Table 2: Dual RX UE results from Table 52 in TR 25.800: E-HICH performance (set 1)
	Pathloss difference (dB)
	CIO (dB)
	Dual Rx UE

	
	
	LPN serving
	LPN non-serving

	
	
	Ec/Ior (dB)
	MDR
	Ec/Ior (dB)
	MDR

	13
	0
	-32
	5.4%
	-27
	5.9%

	10
	3
	-29
	5%
	-24
	5.7%

	7
	6
	-26
	5.1%
	-20
	4.1%

	4
	9
	-22
	4.2%
	-17
	5%

	1
	12
	-19
	5.1%
	-13
	5.1%

	-
	15
	-14
	4.4%
	-10
	7.7%
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