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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 the Strong Mismatch Zone and the Solutions for Mitigating the Impact of UL Interference to the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
6
Aspects of Hetnets
6.1
Interference in co-channel scenario

6.1.2
Uplink Interference Issues

With the DL-UL mismatch caused by the transmit power difference as well as the loading imbalance between macro and LPNs, co-channel deployment could potentially cause issues in the UL as described below.
1. UL interference from macro UEs to LPN

This type of interference occurs when the macro UE is located in the mismatch region, closer to the UL boundary and outside the SHO region (UE located closer to point A in Figure 1). The excessive interference to the LPN is caused by the UEs being served by the macro cell and not having the victim LPN in the active set. The UE is not in SHO, however the UL to the LPN could be stronger than the UL to the serving macro node (the path loss to the LPN is smaller than that the path loss to the macro node). The LPN will not be able to power control the UE or limit the UE grant by sending RGCH because the UE is not in SHO. Consequently, the UE will transmit at high power and the LPN could be a victim of large interference from the neighbour macro UEs. This might impact the performance of receiver algorithms and reduce the RoT budget, and therefore reduce the cell throughput in the LPN. This mismatch region is referred to as the Strong Mismatch Zone.

The size of the Strong Mismatch Zone could be significant, especially without UL-DL mismatch compensation. In the Figure X below one can see an exemplary map which shows these areas without LPN desensitization and with LPN desensitization of 6dB for LPN 30dBm. 

The legend for these Figures is as follows:

· CYAN depicts the Strong Mismatch Zone (UE is seen by LPN but the LPN has not yet been added to the active set of the UE),
· BROWN where UE is in DL SHO area (LPN is stronger radio link),

· YELLOW where UE is in DL SHO area (macro is stronger radio link). 
It is to be noted that that results shown below do not include multipath fading in the propagation modeling. Therefore the results must be considered to be optimistic compared to a practical network deployment.
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Figure X: DL SHO areas and Strong Mismatch Zone for LPN 30dBm, CIO=0dB (Padding/Desensitization = 0dB on the left and Padding/Desensitization = 6dB on the right, Shadowing OFF)
The histogram in Figure X shows the percentage of DL SHO area and Strong Mismatch Zone area related to the total network area for different values of desensitization.
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Figure X: Histogram of the DL SHO areas (DL) and Strong Mismatch Zones (UL) for LPN=30dBm (left) and LPN=37dBm (right) for different values of CIO and Padding/Desensitization
We can see that the cumulative area of the Strong Mismatch Zone compared to the cumulative area of DL SHO is significant especially for an LPN with a power level of 30dBm. For an LPN of 30dBm and without any desensitization or CIO, Strong Mismatch Zone is about 14% of total network area and is larger than DL SHO area which equals 9%. 

When CIO is applied, the Strong Mismatch Zone decreases because the DL SHO area boundary shifts closer to the edge contour of the zone. The usage of 9dB desensitization in LPN causes the contour of the zone to be included in the DL SHO area where UE can add LPN to Active Set. 

When CIO is not applied, complete balancing is achieved only when desensitization level equals UL-DL mismatch which is 13dB for LPN with power 30dBm. However, a desensitization level of 13dB cannot be recommended due to excessive amount of UL interference to the macro. When lower levels of desensitization are applied, Strong Mismatch Zone regions still exist. The macro UEs located in this area generates the highest interferences to the LPN in comparison to other areas in the network. With a LPN 37dBm the situation is less problematic. With a desensitization level of 0dB (a recommended value), the Strong Mismatch Zone is approximately a few meters around the DL SHO area. If LPNs with power levels of 24dBm were to also be considered, then the Strong Mismatch Zones would be quite large. The impact of noise desensitization on UL throughput is described in Section 7.1.X
6.1.2.1 Identification of UEs within the Strong Mismatch Zone
The Strong Mismatch Zone is located outside of LPN DL boundaries. In order to identify those UEs located in the strong mismatch zone, the following steps could be performed: 
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Figure X: Steps that could be be taken to identify UEs located in Strong Mismatch Zones
In the first step a UE position is estimated by checking how it relates to a particular LPN position. Some ways to do that are:

· Monitor UE measurement reports messages for a particular LPN. It is possible to set a trigger using legacy measurement control which would allow the UE to report LPNs at low detection threshold. An early report would indicate that UE is getting close to a reported LPN.

· Network driven localization methods could be used for that purpose to compare the measured UE location with an LPN position. The UE could be localized using GPS or Round-Trip-Time measurements. 

Once identified, the RNC may provide to the LPNs the UEs UL transmission details (Step 2) enabling the LPN to: 

1.  Synch to UE transmission and,

2.  Measure the UE UL transmission,

3.  Report the measurement result to the RNC,

It is possible for an LPN to tune its UL receiver to a given UE UL scrambling code with a given timing reference from the serving macro cell. Then the LPN can measure the UE transmission (Step 3) and provide the measurement report to the RNC (Step 4). In co-channel deployment the most useful measurement would be the UL SINR. A comparison of the SINR reports from the Macro and LPN would enable the RNC to detect the UE in the Strong Mismatch Zone.
7.1. x
Solutions for the Strong Mismatch Zone

One possible solution for the Strong Mismatch Zone is desensitization; however care should be taken to avoid UL capacity loss. Another solution is the use of a CIO larger than 0dB. However, other solutions can also address the problem in perhaps a more efficient way. The solutions are as follows:

· Introduction of an extended active set 

· Common E-RGCH

· Inter-Cell Interference-Cancellation

7.1.x.1
Introduction of an Extended Active Set
For the UE’s in the Strong Mismatch Zone, the respective LPNs are added to the UE’s active set (see Figure X). If the network has the ability to identify the UEs outside the DL SHO area but inside the Strong Mismatch Zone, adding those cells to those UE’s Active Sets would have the benefit of reducing the RoT contribution of the UE to the macro’s UL. 
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Figure X: Left: UE is required to transmit at high power levels, while being a strong interferer to the LPN. Right: Less power is required after LPN’s addition to the active set, leading to less UL interference.

The UEs in the Strong Mismatch Zone which need the LPNs outside their current DL SHO area to be added to the AS need to be identified. The network may identify these UEs by a variety of means including those mentioned in Section 6.2.1.2. It should be noted that there would be some impact to UE complexity since there would be a need to monitor and demodulate the common channels from an LPN at low geometries.
7.1.x.2
Common E-RGCH

For UE’s in the Strong Mismatch Zone, it could be beneficial to expand the E-RGCH operation outside the active set, i.e. allow the UEs to listen to the E-RGCH from the cells not in the active set. One reason is that active set is decided based on the DL received signal quality. For the homogenous deployment, it is mostly true that if a cell has a better DL received signal, it should also have a better UL received signal. However, for HetNets deployment, due to the transmit power difference between different types of nodes, it is quite likely that a cell may not be in the active set due to relative weak DL signal, but still have a quite a strong UL to the UE. The other consideration is that with LPN deployment, there could be more load discrepancy in the system, i.e. the number of UEs served by Macro and LPNs can be quite different. UEs that are served by the lightly loaded cells can transmit at very high data rate/power, which may cause large interference to the neighbouring cells not in the active set. 

Based on the above discussion, for HetNet deployment, we could achieve more robust UL interference management by allowing UEs to listen to the common E-RGCH from cells not in the active set. The notion of Common E-RGCH has already been specified for the CELL_FACH state in Rel-11 and can easily be extended to the CELL_DCH state for robust UL interference management. The salient aspects of Common RGCH based interference control are as follows: 

· Spreading Code for the common E-RGCH is either hardcoded or broadcasted in a SIB. The structure of the physical channel is the same as legacy E-RGCH. 

· A 1 bit flag per cellID in the neighbour list that is part of SIB11 is added to indicate identities of the cells that support common E-RGCH. Alternatively, this information can be conveyed through an existing dedicated message.  

· Specify the conditions under which the UEs would listen to common E-RGCH from the neighbour cells. The Event 1a could, for example, be used for this purpose. Since common E-RGCH is for UL interference management, a metric that better represents the UL quality such as path loss could be used. Therefore, a UE would only listen to a common E-RGCH from a neighbour cell if the path loss to the cell passes criteria similar to Event 1a.  
If a cell observes high uncontrollable out-cell interference and, consequently, UEs within its cell coverage suffering from poor UL performance, the cell could transmit an Common E-RGCH grant “DOWN” command in order to instruct the UEs who listen to the common E-RGCH channel to transmit at lower rate/power.

Simulation results to demonstrate the effectiveness of Common E-RGCH for UL interference management are given below. In addition to the simulation assumptions in the Annex, the following are assumed:

· The LPN noise figure is the same as the noise figure of Macro nodes. 

· The Macro transmit power is 43dBm and the LPN transmit power is 30dBm.

· 4 LPNs are uniformly dropped per geographic area of each Macro sector. 8 UEs are dropped per geographic area of each Macro sector with 50% Hotspot distribution.

· The CIO is set to 3dB biased toward the LPN

· UL Full Buffer traffic is considered to be the traffic model

· No LPN padding/desensitization is considered. 

Figure X illustrates the performance benefit from enabling the E-RGCH from the LPNs not in the active set. Compared with a baseline Hetnet deployment, 11% gain in the average throughput, 16% gain in the media throughput and 9% in the 5% tail throughput is observed.
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Figure X: UL Throughput CDF, 30dBm LPN

It should be noted that the cells transmitting the Common E-RGCH channel would have to account for the additional control channel overhead. There would also be requirements defined for the UE to monitor the E-RGCH from neighbouring cells that are not in the active set. However, it is considered that UE’s that are capable of Common E-RGCH operation in CELL_FACH state would be also capable of this feature in CELL_DCH state.
In summary, Common E-RGCH allows the UE to be rate controlled by the cells not in the active cell. This gives each cell more opportunities to control the out-cell interference, thereby improving UL interference management.

7.1.x.2
Inter-cell Interference Cancellation (ICIC)
System performance can also be improved by Inter-Cell Interference Cancellation (ICIC). Inter-Cell Interference at an LPN is due to the sum of the waveforms of all the users in the Strong Mismatch Zone, i.e. the LPN is not in the active set of the users. In these scenarios, the LPN is not aware of these users and hence does not power control or rate control these users. 
Allowing the LPNs to cancel the UL interference from the UE not communicating with it could significantly improve UL performance, especially in a HetNet deployment. In order to perform ICIC, the LPN would require the UL DPCH and E-DPCH Information sent by the RNC during Radio Link Setup/Addition procedure. In particular, the following pieces of information are considered to be required for the LPN to attempt cancellation:
· UL Scrambling Code

· UL DPCCH Slot Format

· Frame Offset

· Chip Offset

· Max Number of UL DPDCHs
· Maximum Set of E-DPDCHs

· Puncture Limit
· E-TFCS Information

· E-TTI

· E-DPCCH Power Offset
Similar to Common-RGCH, the UE identifies the LPNs that are not in the active set, but could be quite strong interferers on the UL. One way to identify those LPNs would be to rely on the path loss measurement. Once a UE measures low path loss to some NodeB cells not in the active set, the UE could report the LPN cell identity to the RNC. Then, the RNC could inform the respective LPN and provide the necessary information to conduct ICIC. 

7.1.x.4
UL throughput Limitation for identified UEs

Similar to common E-RGCH, the UL interference could potentially be limited by applying bearer specific rate control e.g. by E-TFCI restriction. This can be achieved by reducing the system resources allocated to such UEs. This has been shown in Figure X, below. 
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Figure X: Change in Grants allocated to the UE to limit UL interference
This improves the average UL throughput of the UEs served by the LPNs. The exact parameters to be applied are specific to UEs.
7.1.x.4
Carrier Frequency Switch for Identified UEs
One way to address extensive UL interference originating from macro UEs in the Strong Mismatch Zone is an inter-frequency handover for the UEs causing highest interference. The identified interfering UEs could be handed-over to a different macro frequency carrier. This has been shown in Figure X, below: 
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Figure X, Inter-frequency HO for a UE in the Strong Mismatch Zone

This of course assumes that: 

· There is a second (other) frequency carrier available at the serving macro cell,

· The second (other) frequency carrier is not loaded and can accept new UEs without causing any degradation (due to e.g. increased interference level) to current cell throughput.

The RNC controlling the macro and the LPN is aware of the load situation in both cells and on all carriers and can decide whether the proposed hand-over for UEs is possible and beneficial from a system level perspective. It may not be necessary to switch all interfering UEs to other macro carrier, but potentially only a certain number, since the LPN interference levels reduce with each handover. 
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the Strong Mismatch Zone and the Solutions for Mitigating the Impact of UL Interference as presented in this document to the UMTS Hetnet TR [2].
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Step 1. Selection of UE for UL monitoring in LPN e.g. based on estimated geographical position








Step 2. LPN Measurement setup 
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Step 3.  Measurement of macro UEs located in Strong Mismatch Zone in LPN (Interference Set monitoring)








Step 4. LPN sends Interference Set measurement report to RNC  











