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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 mismatch between the two cells and boosts the HS-DPCCH power offset accordingly to overcome the mismatch. 
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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 mismatch 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 mismatch 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
This is a way of reducing/removing the mismatch that can be implemented in the network and can therefore be used to address all users. If the LPN receiver is desensitized, the UE needs to increase the transmit power to reach the SINR target. For a UE in SHO between a macro cell and an LPN cell, this implies that the reception quality in the macro improves in some cases. 

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.

Inner loop power control (ILPC) restriction
Inner loop power control (ILPC) restriction – In this scheme the UE follows power control commands only from the serving cell (hence ignoring the LPN commands or LPN commands if always +1). Additionally, a safety mechanism can be introduced to control the level of interference towards the LPN. This can be done in several ways, e.g. beta_ed is scaled to ensure that the average E-DPDCH power in the LPN is kept roughly constant. This information can be conveyed via RRC signalling. 
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

Dynamic power boosting of individual uplink channels is one interesting approach to ensure reliable reception of control information. A central question is how dynamic the boosting needs to be. One alternative is to boost via HS-SCCH orders, and another is to introduce a separate power control loop for channels that need to be boosted. Another alternative would be to allow the UE to autonomously change its gain values.
In general it can be favorable to let the UE constrain/control its gain values since the UE has most up-to-date information about the power situation (i.e. when extreme or excessive power is used). For example, whenever the total (or data) power becomes too high relative the average power, the UE limits the serving grant. This means that the UE will not cause excessive interference towards the LPN (or best node) in situations where it most likely is anyway unfavorable for the system to transmit with such high power. The network does not have this up-to-date information and cannot respond as quickly as the UE. Merits, drawbacks and exact mechanisms might need further discussion.

E-TFC selection backoff for UL scheduling information
TP from e-mail discussion #73-28 will be inserted here.
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)
First approach is depicted in Figure 6 below, the RNC adds LPN to the UE AS. In the RL reconfiguration and RL setup procedures, the decoupling configuration parameters are provided. The same is transacted to the UE. Once the UE acknowledges the LPN addition, the LPN starts providing the UL budget to the UE. The LPN directly communicates this grant to the UE and the scheduling operation is initialized. The Serving Grant update keeps happening as long as the LPN is in the AS of the UE.
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· Figure 6: Approach 1 (E-DCH decoupling for new terminals)

The second approach is depicted in Figure 7 below, the RNC adds LPN to the UE AS. In the RL reconfiguration and RL setup procedures, the decoupling configuration parameters are provided. Once the UE acknowledges the LPN addition, the LPN starts providing the UL budget to the UE. The message is shown to be routed via the RNC (although in principle a direct message could also be sent between the Node-Bs). Beyond this point, the macro communicates this grant to the UE and the scheduling operation is initialized. The Serving Grant update keeps happening as long as the LPN is in the AS of the UE.
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· Figure 7: Approach 2 (E-DCH decoupling for 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 by the LPN and due to much lower path loss towards LPN those power levels are reduced. This situation is depicted on Figure 8 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”.


[image: image8]
Figure 8 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
Metrics for HS-DPCCH Performance Evaluation

The following metrics are used for evaluating the performance of the HS-DPCCH channel.
False Alarm
This event occurs when the NodeB falsely detects an ACK on the HS-DPCCH channel. This can occur in two ways:

· When the UE does not transmit (DTX) and the NodeB falsely receives an ACK. 

· This event occurs when the HS-SCCH is not received on the downlink at the UE. The UE therefore does not transmit an acknowledgement on the HS-DPCCH channel. The NodeB then falsely decodes the DTX as an ACK. 

· We assume that the HS-SCCH misdetection probability at the UE is 1%

· When the UE transmits a NACK which is falsely received as an ACK. 

· This error is unlikely to happen very often as the transition probabilities 
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· We assume that a NACK would be transmitted 9.9% of the time. This assumes 10% BLER after the first transmission on the downlink. 

Therefore, the false alarm probability can be expressed as:
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In the simulation we target the total false alarm probability to be 0.1%. 

Since 
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 component is rather small and can potentially be considered to be negligible.

Therefore, the effective false alarm target can be considered to be 
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Note however that we do not make such simplifying assumptions in the results presented below. It is expected though that such an assumption would not change the nature of the results in a significant way.

Misdetection or Decoding Error
This event occurs when the NodeB does not detect the ACK transmitted by the UE. This error event occurs in two ways:

· When the UE transmits an ACK but the NodeB does not detect the transmission and instead assumes DTX. This event is the more common of the two.

· When the UE transmits an ACK and the NodeB detects that there is a transmission on the HS-DPCCH channel (not DTX) but erroneously decodes it as a NACK.

We assume that an ACK is transmitted 89.1% of the time which results from the assumption of 10% BLER after the first transmission.
Therefore, the Misdetection or Decoding error probability can be expressed as:
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For purposes of comparison, the target probabilities for the misdetection or decoding error considered in the simulations is 1%. 

Note: Since the CQI decoding error rate is typically an order of magnitude lower than that of the A/N decoding error rate, we focus on the HARQ-ACK decoding in this document. Any solutions for the impact on HARQ-ACK decoding due to mismatches can also be applied to CQI decoding.

Metrics for Comparing Solutions

The solutions are compared by assessing the increase in the amount of interference introduced at the LPN. The amount of interference is measured by the increase in the Rx Ec/No. 

The Rx Ec/No for the HS-DPCCH boosting, Power Control Modification, SIR Manipulation solutions is computed as: 
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The Rx Ec/No for the Secondary Pilot solution is given by:
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The baseline value is the Rx Ec/No at the LPN for 0dB mismatch. 

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 
[image: image18.emf]HS-DPCCH 

Boosting

Power 

Control 

Modification

SIR 

Manipulation

Secondary 

Pilot

HS-DPCCH 

Boosting

Power Control 

Modification

SIR 

Manipulation

Secondary 

Pilot

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
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Table 2: Required HS-DPCCH C/P and the Rx Ec/No impact when UL data is not transmitted 
[image: image19.emf]HS-DPCCH 

Boosting

Power 

Control 

Modification

SIR 

Manipulation

Secondary 

Pilot

HS-DPCCH 

Boosting

Power Control 

Modification

SIR 

Manipulation

Secondary 

Pilot

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.

	Mismatch 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
	2020

	T/P [dB]
	12

	HS-DPCCH C/P [dB]
	-9.54 … 14.09

	CQI Feedback Cycle
	1TTI

	SIR Target [dB]
	OLPC based for data transmisson

 -21 dB for no data transmission

	False Alarm Target
	1%

	Target Misdetection or Decoding Error
	1%

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF for no data transmission
ON for data transmission

	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].

4
References

[1] RP-121436, “Proposed SID: Study on UMTS Heterogeneous Networks”, Huawei, HiSilicon, Qualcomm Incorporated, Ericsson, ST-Ericsson, Telecom Italia, Teliasonera, Orange, Telefonica, Nokia Siemens Networks.

[2] R1- 124624, “Skeleton of UMTS Heterogeneous Networks Technical Report”, Huawei, HiSilicon.

[image: image1][image: image20.jpg]Macra cell

LPN cell




[image: image21.jpg]Macro cell
LPN cell
[GOREN ; TJ
o)




[image: image22.jpg]/‘ Macra cell




[image: image23.jpg]/‘ Macra cell

Insufficient H.
DPCCH reception

LPN cell




_1419924020.unknown

_1419949300.unknown

_1426442020.unknown

_1426442065.unknown

_1419924115.unknown

_1419923983.unknown

_1419924011.unknown

_1419923591.unknown

_1419923980.unknown

