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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on Potential solutions for uplink interference issues to the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7 Solutions and Techniques
7.1 Solutions for Co-channel Scenarios
7.1.1 Analysis of UL/DL mismatch
In co-channel scenarios for HetNet, there is a UL/DL mismatch region between the macro cell and LPN since the LPN has smaller power than the macro cell. Besides the DL and UL interference issues (see Figure 1), the UL/DL mismatch can also introduce problems for the serving cell in order to receive essential control information (see Figure 2). 
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Figure 1 The issue of macro UE uplink reception quality in non SHO area

As illustrated in Figure 2, when the UE is in the SHO region, its uplink transmitting power is controlled by both the macro NodeB and LPN. Considering the SHO area is usually on the right side of the UL boundary, the UE will have larger received power on the LPN compared with that on the macro cell. Therefore the dominating power control loop would be on the LPN side, which causes the SIR on the macro side be likely below the expected SIR target on the macro. If the UE serving cell is still macro cell, the reception of essential control information will have bad performance on the macro side due to the low signal quality. This will surely impact the HSDPA performance on the downlink. This situation is depicted on the Figure 2 below where possible issue with HS-DPCCH reception is shown. 
.
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Figure 2 Scenario with a UE in SHO area between a macro cell and an LPN cell
Next we provide a link budget analysis to derive the condition for balancing or matching the UL and DL coverage defined as a situation where the UL and DL coverage boundaries coincide. Following the analysis, in Section 7.1.2, a number of solution are described that are applicable to all UEs, including legacy UEs not implementing Rel-12 functionality.
Editorial Note: the following sections from TR 25.800 v0.2.0 (R1-131710) are to be inserted here

7.1.1.1
DL Coverage Boundary
7.1.1.2
UL Coverage Boundary
7.1.1.3
Matching the UL and DL Coverage

[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.1.2 Solutions for legacy terminals
HS-DPCCH Power Offset boosting
In Rel-11, additional power offset values were added to the HS-DPCCH channel. The additional power offsets could be used in Heterogeneous networks as well. Based on the received SIR measurements from the macro and LPNs, the RNC estimates the amount of imbalance between the two cells and boosts the HS-DPCCH power offset accordingly to overcome the imbalance. 


[image: image3]
Figure 3 HS-DPCCH boosting allows the proper reception on macro side
Power Control Enhancements

In this scheme, the power control procedure is modified by the RNC in order to allow better reception at the macro cell. The RNC estimates the power imbalance based on the received SNRs at the macro and LPNs and disables the power control from the LPN. This can be done in two ways:

· Remove the LPN from the UE’s active set. This would essentially put in the UE in a single cell mode where the macro power controls the UE. 

· The TPC commands from the LPN are always +1. This would effectively switch the power control to the macro cell exclusively. The benefit of this scheme would be to maintain the benefits of soft handover while improving performance of the HS-DPCCH.
SIR Manipulation
In this scheme the DPCCH SIR target is increased to provide a better phase reference to the HS-DPCCH at the macro cell. The RNC estimates the imbalance between the macro and the LPN and adjusts the DPCCH set point to ensure adequate HS-DPCCH decoding performance at the macro cell. 

The E-DPDCH power offsets are also correspondingly lowered to ensure that there is no excess Ec/No seen at the LPN cell. While the link to the LPN may be operating at a link in-efficient point, the control channel performance is preserved. The new T/Ps would have to be signaled to the UE for the adjustment to take effect.
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Figure 4 SIR adjustment for the reception of essential control information issue on the serving cell side
E-DCH decoupling 

E-DCH decoupling is possible for legacy terminals as well, for brevity however is explained in section 7.1.3
Editorial Note: the three following sub sections were added based on the content of TR 25.800 v0.2.0 (R1-131710), section 7.1.1.4
Example Solutions (only the solutions not already mentioned above).

LPN Padding/Desensitization
By increasing the LPN noise figure, 
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, the UE served by the LPN needs to increase the transmit power to reach the SIR target. LPN Padding/Desensitization is a way of reducing/removing the mismatch between UL and DL coverage.

Range Expansion
Range expansion by CIO or macro cell TX power reduction is described in more detail in section X.Y.Z.
RoT Target Adjustment
The LPN RoT target could be increased to accommodate the increased dynamic range of interference. However, increasing the RoT target may affect UL stability.
7.1.3 Rel-12 Enhancements
Introduction of Secondary Pilot

A secondary pilot is introduced on the uplink to act as the phase reference for the HS-DPCCH channel and is power controlled only by the weaker macro cell. The E-DPCCH and the data channels would still be based on primary pilot and UL data decoding performance is not affected. Due to the change in the physical layer, this scheme would be applicable only to Rel-12 UEs.
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Figure 5 Secondary pilot based solution for reception of essential control information issue on the serving cell side
Dynamic boosting

By this method it is allowed that UE will autonomously change its gain values. One example of an important case where UE initiated boosting could be of interest is for an initial grant request. Poor reception of an initial grant request in the serving cell causes degraded end-user throughput or in worst case no UL granted rate at all.

 E-TFC selection backoff for UL scheduling information
Power imbalance causes performance issue in case where uplink scheduling information is transmitted with data payload in E-DPDCH. In such case it would be better to avoid boosting E-DPDCH power due to relatively high data rate causing high cost in power. One way to avoid that would be using power backoff in E-TFC selection so that TB size used would be lower and hence obtained coding gain higher. Another benefit of this method is that it causes less RoT variation than boosting E-DPDCH power. This procedure can be either UE or network controlled. The relative grant signalling is one such network controlled mechanism that already exists. A UE controlled procedure could be to reduce the serving grant by a factor proportional to the difference in instantaneous and average DPCCH power. To further improve performance applying backoff can be combined with serving cell only acknowledgement. Due to the change in E-TFC selection behaviour and the possible additional signalling required this scheme is limited to Rel-12 UEs only.

E-DCH decoupling

In order to minimize negative effect of DL/UL mismatch it is proposed that the LPN should be giving the UL grants/UL Tx power allocation to the UE. Two approaches are possible:

· LPN is providing grants directly to the UE (Rel-12 enhancement)
· Grants are provided to the UE through macro (applicable to legacy terminals)
Decoupling the UL transmission to the smaller cell enables the UL transmission to be power adjusted in such a way that it is received by the LPN only. This, in contrast to the other approach in which the macro sets the UL transmission range, is not causing high interference at the LPN, while still ensuring that the small cell is receiving the UL transmission with sufficient quality. Due to this UL transmission decoupling it is possible to utilize also macro UL resources in a more efficient way: The macro does not need to allocate an UL budget to the UE so it can be available for other UEs in macro area. 

For this operation to succeed it is assumed that the UE can receive DL channels from the LPN that pertain to E-DCH reception, such as E-HICH.

When the LPN is controlling directly or indirectly the UL grant, it must be ensured however that the UL feedback channels for the macro DL are still being received by the macro. That is, it must be ensured that the macro can receive the HS-DPCCH. However in this case we have more power headroom for HS-DPCCH boosting when E-DCH decoupling is used because E-DCH channels power is now controlled be LPN and due to much lower path loss towards LPN those power levels are reduced. This situation is depicted on Figure 6 below. When the LPN is providing grants directly to the UE the E-AGCH is transmitted not by the macro, but by the LPN. The macro instead may transmit the E-RGCH. 

When the LPN is providing grants indirectly to the UE through the macro, it will inform the macro via the RNC about the grants that the macro  can then relay to the UE via the E-AGCH or E-RGCH. There is a delay associated with the relaying of the grant. The delay can be assumed to be in the range of 50 to 200 msec. The longer the UE performs UL transmission the less relevant the delay will be. This operation can be transparent to the UE. 

Main advantage of this solution is that UE UL power is utilized in optimal way.   
It is noted that the solution has some commonalities with the proposal “common E-RGCH” of section 7.1.x “Solutions for the Strong Mismatch Zone”.
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Figure 6 Power of E-DCH channels is controlled by LPN and in the effect there is more power headroom for HS-DPCCH boosting in order to ensure proper reception on macro side
7.1.4 Evaluation of Solutions for HS-DPCCH
Results for solutions presented in sections 7.1.2 and 7.1.3 are shown in the tables below.
Table 1: Required HS-DPCCH C/P and the Rx Ec/No impact when UL data is transmitted 
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0 3.62 -2.62 3.62 -2.69 N/A 2.25 N/A 0.105

3 8.615 -1.91 6.05 -2.62 1.592 5.22 1.46 1.38

6 21.3 -0.82 4.26 -2.34 9.29 7.1 2.92 2.48

9 N/A 2.74 7.72 -1.75 N/A 8.54 5.16 3.74

12 N/A 14.09 5.78 -1.87 N/A 11.79 7.4 5.63

18 N/A N/A N/A -1.68 N/A N/A N/A 10.46

Excess LPN Rx Ec/No [dB]

Imbalance [dB]

Required HS-DPCCH C/P [dB]


Table 2: Required HS-DPCCH C/P and the Rx Ec/No impact when UL data is not transmitted 
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0 4.84 -2.72 4.84 -1.43 N/A 1.48 N/A 0.99

3 12.07 -2.53 6.28 -1.44 5.9 4.24 3.91 3.17

6 21.56 -2.69 7.9 -1.41 15.26 7.25 7.6 5.65

9 N/A -2.56 5.89 -1.5 N/A 10.6 10.67 8.07

12 N/A -2.65 3.65 -1.36 N/A 13.48 13.7416 11.03

18 N/A -2.52 N/A -1.5 N/A 19.56 N/A 16.82

Imbalance [dB]

Required HS-DPCCH C/P [dB] Excess LPN Rx Ec/No [dB]


Simulation assumptions are listed in the table below:
Table 3: Simulation assumptions for HS-DPCCH modeling
	Parameter
	Value

	Scenario
	UE is in soft handover between a Macro and an LPN.

	Imbalance between the cells [dB]
	[0 3 6 9 12 18]

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS
	120

	T/P [dB]
	0

	HS-DPCCH C/P [dB]
	-9.54 … 14.09

	CQI Feedback Cycle
	1TTI

	SIR Target [dB]
	-21 dB

	False Alarm Target
	1%

	Target Misdetection or Decoding Error
	TBD

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Propagation Channel
	PA3

	NodeB Receiver Type
	Rake Receiver

	Number of Rx Antennas
	2


[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the Potential solutions for uplink interference issues presented in this document to the UMTS HetNet TR [2].
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