Page 1

3GPP TSG RAN WG1 Meeting #72bis

R1-131575
Chicago, USA, 15th – 19th April 2013
Source:
QUALCOMM Incorporated

Title:
Uplink Interference Management Techniques in Co-channel HetNets Deployment
Agenda item:

6.3.2
Document for:
Discussion
1

Introduction

Identification of uplink and downlink interference and imbalance issues and investigation of potential solutions is part of the study on Heterogeneous networks. In this contribution, we focus our attention on the co-channel heterogeneous network deployment in which Low Power Nodes (LPN) use the same carrier frequency as the Macro cell. Under co-channel deployment, introduction of the LPN to the Macro cell makes the system deployment more challenging. One important aspect to address is the uplink (UL) interference issues between LPN and Macro cells. 
The UL interference issues in HetNet co-channel deployment can happen in both directions. More specifically, LPN UEs could face high uncontrollable UL interference from the neighbouring Macro UEs. On the other direction, Macro UEs could also be victims of the excessive uncontrollable UL interference from the neighbouring LPN UEs. The details of the UL interference issues have be covered in [2].

Due to the heterogeneous nature of the LPN deployment, the system could be much more dynamic as compared to the homogeneous deployment. The LPN could be deployed with different transmit power, different UL sensitivity, different antennas pattern, etc. Further more, the relative load between the LPN and Macro cells could also change base on the different time of the day. UE distribution, traffic pattern can also change over time. All those dynamic factors could make the UL interference issues very challenging in the real deployment. 

In the simulation results we presented [3, 4], we mainly use the LPN UL padding as a tool for UL interference management. The LPN UL padding effectively increase the LPN UL noise figure and reduces the DL-UL imbalance in the HetNet deployment, this protects the LPNs UEs from excessive UL interference from the neighbouring Macro UEs. The LPN UL padding could be applied adaptively [4]; in the sense that each LPN can decide on its own minimum padding that is just enough to protect the UEs it serves from potential high out-cell interference.
In this contribution, in addition to LPN UL padding, we consider two UL interference manage techniques for HetNet co-channel deployment.

1. Common E-RGCH: Similar to the ideas proposed for Cell-FACH [5], UEs in HetNet deployment can be instructed to listen to a common E-RGCH channel from the cells that are not in the active set. If a cell observes very high uncontrollable out-cell interference and, consequently, UEs within its cell coverage suffering from poor UL performance, the victim cell could transmit grant “DOWN” command via common E-RGCH channel, in order to instruct the UEs who listen to the common E-RGCH channel to transmit at lower rate/power.
2. Inter-cell Interference Cancellation: Due to the DL-UL imbalance in the HetNet deployment, it is likely that the cells that is strong on the UL may not be added to the active set since UE serving cell selection and active management are based on the DL received CPICH strength. Inter-cell interference cancellation allows the NodeB to cancel the interference from the UEs who do not communicate with NodeB.

2
Common E-RGCH

Soft hand over (SHO) is a very unique and important feature to UMTS (CDMA) system. SHO provides many benefits to the cellular communication system. SHO increases the communication reliability and improves PHY link efficiency by taking advantage of the spatial diversity. SHO also helps the UL interference management. Once a cell observes high noise rise, it can send a “DOWN” command via E-RGCH to all the UEs who communicate with the cell, i.e. have the cell in the active set. Upon receiving grand “DOWN” command, those UEs can lower their transmit rate/power to reduce the interference to the cell. In summary, all cells in the active set of a UE could use E-RGCH to control the transmit rate/power of the UE for robust UL interference management.
Even though current E-RGCH may be enough for the homogenous deployment, for HetNet deployment, 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 good 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. Common E-RGCH idea has already been proposed for the CELL_FACH state [5], it is beneficial to extend the common E-RGCH idea to CELL_DCH state for robust UL interference management in HetNets deployment. The common E-RGCH idea and procedure can be summarized as follows

· The Common E-RGCH channel begins 5120 chips after the PCCPCH boundary. TTI length for the common E-RGCH is 10ms. Spreading Code for the common E-RGCH is either hardcoded or broadcasted in a SIB. Spreading Factor is set to be SF128. 

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

· It is also necessary to specify under what conditions UEs will listen to common E-RGCH from the neighbour cells. For this purpose, we could use similar concept as Event 1a. Since common E-RGCH is for UL interference management, we could use metric that better represents the UL quality, such as path loss. A UE will only listen to a common E-RGCH from a neighbour cell if the path loss to the cell passes criteria similar to Event 1a.  
We use preliminary simulation results to demonstrate the effectiveness of RGCH channel on the UL interference management. The system simulation assumptions are summarized in [10]. Below are further clarifications of the simulation assumptions:

· LPN noise figure is assumed to be the same as the noise figure of Macro nodes. 

· Macro transmit power is 43dBm, 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.

· CIO is 3dB biased toward the LPN

· We consider UL Full Buffer traffic

As shown in [11], better UL system performance can be achieved by adding minimum LPN UL padding while leaving large DL-UL imbalance. In this simulation, we consider no LPN UL padding. However, from the control channel reliability perspective, large DL-UL imbalance can lead to unreliable HS-DPCCH decoding. With 13dBm transmit power difference and 3dB CIO biased toward LPN; we have a maximum 10dB DL-UL imbalance remaining in the system. To improve HS-DPCCH reliability, we consider a simple solution to remove the LPN from the active set if imbalance is greater than 4dB. We want to emphasize that this solution may not be the most effective one for improving the HS-DPCCH reliability, we simply use this solution to demonstrate the importance of E-RGCH. 
When LPN is removed from the active set, it stops both power control and rate control the UE. If those LPNs start to observe high interference from the UE, it can no longer send grant “DOWN” command via E-RGCH to control the interference by lowering the rate of the UE. As a result, those LPNs could be more vulnerable to the uncontrollable out-cell interference on UL. To address the issue, we consider the similar idea as common E-RGCH, such that we still allow the UEs to listen to E-RGCH channel from those LPNs that are not in the active set. 

Figure 1 illustrates the performance benefit from enabling the E-RGCH from the LPNs not in the active set. Compared with not allowing E-RGCH, we observe 11% gain in the average throughput, 16% gain in the media throughput and 9% in the 5% tail throughput.
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Figure 1 UL Throughput CDF, 30dBm LPN
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, hence improves the UL interference management robustness in HetNets deployment.

3
Inter-cell Interference Cancellation

The capacity of the W-CDMA uplink is interference limited and is related to the Rise over Thermal (RoT) or Noise Rise in a system. It is very well established in information theory [6] that CDMA with successive interference cancellation, maximizes the sum rate capacity of a multiple access channel (such as the uplink of W-CDMA) and in fact outperforms any orthogonal multiple access scheme. 

It has been shown that intra-cell Interference Cancellation (IC) in a NodeB receiver significantly enhances the capacity of a W-CDMA system [7]. System performance can also be improved by Inter-Cell Interference Cancellation (ICIC). Inter-Cell Interference results from the sum of the W-CDMA waveforms of all the users who do not communicate with the NodeB cell, i.e. the NodeB cell is not in the active set of the users. In these scenarios, the NodeB is not aware of these users and hence does not power control or rate control these users. 
Inter-cell Interference Cancellation can be especially useful for the HetNet deployment due to the DL-UL imbalance. As we discussed before, current serving cells selection and active set management in W-CDMA are based on the quality of the DL received signal. In HetNet deployment, a LPN can be deployed with much lower transmit power compared to Macro cell. The DL transmit power difference between LPN and Macro cells leads to the imbalance between the DL boundary and the UL boundary. For a particular UE, a LPN can be very weak on DL, hence not in the active set of the UE, but quite strong on the UL. In summary, even though a NodeB cell is not in the active set of a UE, the NodeB cell may still receive strong UL interference from the UE. Naturally, allowing NodeB cell to cancel the UL interference from the UE not communicating with it may significantly improve UL performance, especially for HetNet deployment.
Inter-Cell Interference Cancellation has been proposed in the past [8, 9], In order to perform the ICIC, the NodeB needs the UL DPCH and E-DPCH Information that is sent by the S-RNC during Radio Link Setup/Addition procedure. In particular, the following pieces of information are essential for the above steps:

· 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 needs to identify the NodeB cells that is not in the active set, but could be quite strong on the UL. One solution to identify those NodeB cells could rely on the path loss measurement. Once a UE measures low path loss to some NodeB cells not in the active set, similar to the mobility event reporting, the UE could report the NodeB cell identity to the RNC. Then, the RNC can inform the NodeB cell with those information listed above that are crucial for the interference cancellation, which enable the NodeB cell to perform ICIC. 
4
Conclusion

Compare to homogeneous deployment, HetNets deployment introduces more dynamics into the system; the DL/UL boundary as well as the loading could be quite different between large and low power nodes. As a result, UL interference management can be very challenging and important for HetNet deployments. In this contribution, we discussed two solutions for the UL interference management in HetNet co-channel deployment. 
1. Common E-RGCH: UEs in HetNet deployment can be instructed to listen to a common E-RGCH channel from the cells that are not in the active set. If a victim cell observes very high uncontrollable out-cell interference and, consequently, its own served UEs suffer from bad UL performance, the victim cell could transmit grant “DOWN” command via common E-RGCH channel, in order to instruct the UEs who listen to the common E-RGCH channel to transmit at lower power.

2. Inter-cell Interference Cancellation: Inter-cell interference allows the NodeB to cancel the interference from the UEs who do not communicate with NodeB.
Proposal: Common E-RGCH and Inter-cell Interference Cancellation (ICIC) are catured in the TR as solutions to manage uplink interference.
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