Page 1
[bookmark: OLE_LINK40][bookmark: OLE_LINK73][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #77		 R1-142469
Seoul, Korea, 19th – 23rd May 2014

Source:	QUALCOMM Incorporated
Title:	Common RGCH for Mitigating Interference for UEs not in Soft Handover
Agenda item:		5.3.2
Document for:	Discussion/Decision

1		Introduction
In the previous RAN1 meeting, discussion on methods to mitigate interference suggested that there may be a need for methods that improve interference management while minimizing the complexity as much as possible [1]. Some solutions were also suggested during the study phase and have been captured in the TR [2].
In this contribution, we suggest the use of Common RGCH as a tool to mitigate the interference from non-SHO users. The primary motivation is that the solution has also been introduced in the specifications for the CELL_FACH state. Details of the scheme and simulation results are shown in the following sections.
2	Common E-RGCH
Common RGCH was proposed for Cell-FACH [3] to mitigate the interference from UE’s that are outside the purview of a cell. A similar situation exists in Hetnets where UE’s that are not in soft handover cause excessive amounts of interference to the LPNs.
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. This functionality exists for the UEs for whom the cell is in the active set. This mechanism has been effectively used to mitigate interference from UEs at the cell edge in Macro homogeneous deployments. 
The motivation for managing interference for these UEs has been described in the TR [2]– Section 6.1.4. Another reason for the use of common RGCH 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. 
2.1	Design and Operational Aspects
The Common E-RGCH operation and design aspects 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.  

3	Simulation Results
The first set pf results attempt to identify the subset of UEs that cause interference on the UL. To identify the UE’s, the following are considered:
. Consider UEs served by Macro (HS serving cell)
. Select the smallest path-loss (denoted as PL1) from the UE to a cell in the active set 
· This is the path loss to the cell that has the strongest UL in the active set
. Select the smallest path loss (denoted as PL2) to a cell outside the active set
· This is the path loss to the cell that has the strongest UL outside the active set)
· CDF of (PL1 – PL2) shows the selection of UE that interfere on the UL
· A negative value indicates interference problems, i.e. there are cells outside active set what are stronger on UL compared to the cells in the active set. These cells cannot power control the UE or adjust its rate.
Figures 1 and 2 show the CDF the above path loss difference for the UEs who are served by the Macro for CIO values of 3dB and 0dB.
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Figure 1: Path loss difference between cells in the out of active set; CIO = 0dB
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Figure 2: Path loss difference between cells in the out of active set; CIO = 3dB
From figures 1 and 2, it can be seen that:
· For CIO = 0dB, 37% of UEs who are served by Macro do not have the strongest UL cell in their ActiveSet
· For CIO = 3dB, 28% of UEs who are served by Macro do not have the strongest UL cell in their ActiveSet
These UE’s cause interference to the neighbour LPNs impacting throughput on the uplink. 
It requires an intelligent scheduler to adequately benefit from a reduction in out of cell interference. However, these schedulers have been in use to minimize interference form cell-edge users in macro deployments. 
We’ve attempted to characterize this gain using a rather simple scheduler that increases grants in proportion to the RoT allocation in a CDM fashion. It’s expected that TDM schedulers would benefit from this scheme even more than what’s demonstrated.
Some salient aspects of the simulation assumptions:
· 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
· UL Full Buffer traffic is considered
· No LPN padding
Figure 1 illustrates the performance benefit from enabling the E-RGCH from the LPNs not in the active set. Compared with the basic Hetnet operation, the following gains are observed:
· 11% gain in the average throughput 
· 16% gain in the median throughput and 
· 9% in the 5% tail throughput 
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Figure 3: 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. 
4	Conclusion
In this contribution, the concept of Common RGCH was discussed and some simulation results were also presented. It was shown that a significant percentage of UEs cause interference on the uplink in Hetnets. The benefits of using Common RGCH to control that interference were also shown through system simulations. Gains of the order of 11% to 16% were observed. However, the benefits of using RGCH to control interference have been well documented in Macro only deployments. Therefore, the following is proposed: 
Proposal: Common RGCH operation in Cell_DCH is adopted as an interference mitigating technique in Hetnets.
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