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1 Introduction 
In this contribution we provide an assessment of the uplink interference issues that are currently being discussed under the Carrier based Heterogeneous Networks work item. An overview of the uplink interference studies undertaken in RAN1 and RAN4 during the Release 10 eICIC and currently during the Release 11 uplink CoMP is provided to illustrate the relevant discussions in those work items. 

On this background we identify aspects needing further emphasis in RAN3's evaluation of uplink interference coordination. A text proposal to TR 03.024 is provided in annex.
2 Studies on UL Interference in RAN WGs  
UL interference mitigation for Macro-Pico and Macro-Femto scenarios is part of the second priority aspects of the Release 11 Further enhanced ICIC work item [1], therefore not yet started. 
Prior to that, during the Release 10 discussions of eICIC, it was concluded in RAN WG1#61bis that for Macro-Pico deployment (even without any range expansion), Release 8/9 power control mechanism for both control and data channel can be re-used, and enhancements were left for further studies. This is reflected in the LS to RAN WG3 in [2].
Furthermore, during the Release 10 eICIC work item in RAN4, the uplink interference has also been briefly studied in the context of Macro-Femto scenario [3] together with the DL power setting for HeNB discussions, albeit the results are inconclusive.

In Release 11, under the CoMP work item for coordinated multipoint transmission and reception, there exist scenarios where the DL transmission points and UL reception points may not be co-located. There has been some discussion as to whether this could then result in possible uplink performance degradation for PUSCH and PUCCH, due to the downlink pathloss estimate not being correlated with the uplink pathloss, resulting in non-optimal UE transmit power.  
All three work items, including the Carrier-based Hetnet work item, have therefore looked into the uplink performance for a heterogeneous network scenario even though with different reasons and consideration. Carrier-based hetnet, Co-channel Hetnet and UL CoMP all have the following commonalities related to the uplink interference:

1. Multi-layer deployment or heterogeneous networks are considered: Macro-Pico or Macro-RRH deployments where there exist sometimes significant differences in the DL transmit power. In co-channel deployment of Macro-Pico, the locations of the Pico deployments within the macro cell result in different UL interference scenarios. When the pico is at the cell edge, the macro UE could be interfering with Pico UL; conversely, the pico UE could be interfering with the Macro uplink when the pico is deployed at the cell center. 
2. In carrier based deployment of Macro-Pico, the selection of a separate carrier avoids the co-channel interference between the Macro and Pico. However, prior to the handover to another carrier, the same uplink interference as described above for co-channel deployment of Macro-Pico is applicable here as well. 

3. CoMP deployment Scenario 3 [TR36.819] is a heterogeneous network with low power RRHs within macrocell coverage where different cell IDs are used between macro and RRHs. There exists a DL transmit power imbalance between macro eNB and RRHs, the DL CoMP cooperating set may be inconsistent with the UL CoMP cooperating set, the different UEs may have different UL cooperating sets and different UL CoMP algorithms. Therefore, a common cell-specific power control parameter(s) such as α for the path loss compensation to these different UEs may result in sub-optimum UL power control operation. Possible UE-specific signaling of the Fractional Power Control factor α  has been proposed and discussed in RAN1
To summarize, the two main contributors to the uplink interference in a heterogeneous networks are
· The deployments of Pico and RRH within a macro cell resulting in co-channel interference between the cells that have different downlink transmit powers. The DL transmit power discrepancy means that the uplink transmit power of some UEs is controlled by the macro eNB even though the UE is closer (in path loss) to the pico or the RRH; 

· An imbalance in the cooperating set between DL and UL in CoMP Scenario 3 and Scenario 4 means that the path loss estimates based on downlink may not be applicable for the uplink.

3 Evaluation of uplink interference coordination in RAN3

Various hetnet deployment schemes (co-channel, carrier based) will in our view impact requirements for uplink interference coordination: 
1. Co-channel hetnet deployment

In co-channel hetnet deployment the Pico eNB has access to the same frequency resources as the Macro eNB. Interference avoidance may still be considered using UL/DL resource reservation (Fractional Frequency Reuse - FFR) and scheduling of interfered or interfering UEs in these protected resources. For homogeneous networks, Fractional Frequency Reuse is supported since Rel-8, and for such deployment the identification of UEs to be scheduled in such reserved resources is relatively straight-forward based on the serving eNB using UE measurements (RSRP and RSRQ) of the serving cell and neighbour cells. 
OI/HII signalling on X2 was introduced in Rel-8 to support dynamic resource reservation for FFR in the context of homogeneous networks.

In the case of hetnet the fraction of UEs served by the macro cell (MUEs) which potentially interferes a Pico eNB under its coverage may be significantly higher than the fraction of UEs needing to be scheduled in protected resources in a homogeneous network. As for homogeneous networks, cell edge MUEs identified by UE measurements may be considered as potential interferers because they will have the highest UL transmission power. 

However in addition to the cell-edge MUEs also non-cell-edge MUEs situated close to but outside a pico eNB's DL coverage area may interfere the Pico eNB. One category of these MUEs are mobile UEs just being handed over from the Pico eNB to the Macro eNB, and thus already known by the network as potential UL interferers. Techniques to identify other categories of MUEs (stationary or mobile) are currently being discussed in RAN3 and weighted against baseline methods:

· Rescheduling of the UEs controlled by the Pico eNB (PUEs) in order to avoid interfered resources, 
· Uplink power control. The open loop power control operation in current specification dates back to Release 8 in which a Fractional Power Control (FPC) operation is implemented as detailed in Section 5.1 of TS 36.214. In the open loop power control formula, the FPC factor α is a cell-specific parameter broadcasted by eNB via RRC signaling. Another parameter, the base level P0, is composed of a cell specific component and a UE-specific component.
Observation 1: It should be noted that a MUE identification technique is needed only for non-cell-edge MUEs. Such UEs typically transmit with lower power, which should be taken into account in the evaluation of the applicability of the uplink power control method. 
Observation 2: The evaluation of methods for identifying the Macro UE(s) which are major contributors to uplink interference should take into account that the specific UEs that are source of interference to the Pico eNB are constantly different and varying over PRB and time. Depending on the radio and deployment condition between the UE(s) and Pico eNB, the amount of interference received could also vary significantly.  Identifying these UEs hence could become a fruitless exercise and may involve signaling complexity and yield little performance difference.
2. Carrier-based hetnet deployment
In a pure carrier-based hetnet deployment the MUEs and PUEs will be scheduled on different carriers, thus avoiding any interference issue. Still for the purpose of optimal frequency resource usage, and in order to allow intra-frequency mobility between macro cells and pico cells, the Macro eNB may be configured to operate on the pico cells' carrier(s). In such case the techniques discussed above for co-channel hetnet deployment will apply. It should still be noted that available resources not interfering with Pico eNBs will be higher than for the co-channel deployment, allowing the Macro eNB to deal with a higher number of potentially interfering MUEs that can be preventively handed over to other carriers.
Observation 3: A carrier-based hetnet deployment may require a lower MUE identification accuracy than a co-channel hetnet deployment.

4 Conclusion
We have analysed techniques for UL interference coordination from a hetnet deployment scheme perspective. The following observations were made:

Observation 1: It should be noted that a MUE identification technique is needed only for non-cell-edge MUEs. Such UEs typically transmit with lower power, which should be taken into account in the evaluation of the applicability of the uplink power control method.
Observation 2: The evaluation of methods for identifying the Macro UE(s) which are major contributors to uplink interference should take into account that the specific UEs that are source of interference to the Pico eNB are constantly different and varying over PRB and time. Depending on the radio and deployment condition between the UE(s) and Pico eNB, the amount of interference received could also vary significantly.  Identifying these UEs hence could become a fruitless exercise and may involve signaling complexity and yield little performance difference.
Observation 3: A carrier-based hetnet deployment may require a lower MUE identification accuracy than a co-channel hetnet deployment.

A text proposal to TR 03.024 is provided in the annex of this paper.
5 References

[1]
RP-111369, FeICIC WI 

[2] R1-114460, “Reply LS to “UL Interference in the scope of the Carrier-Based Hetnet ICIC WID”,” RAN WG1#67.
[3] R4-111893, “Macro-HeNB: preliminary UL Interference Studies,” RAN WG4#59, Shanghai, 2011.
[4] R1-120501, “Discussion on Fractional Power Control Enhancement for UL CoMP,” RAN WG1#68, February 2012.

Annex – Text proposal for TR 03.024

4.3.2
Solution

4.3.2.1
Macro-based solution: macro identifying MUEs interfering with the Pico eNB
In this group of solutions the Macro eNB is responsible for detection of the MUEs interfering with the Pico eNB in UL. The identification of the interfering MUEs allows for frequency based handling of the source of interference.
<<< skip unchanged text >>>
4.3.2.2
Pico-based solution
In this solution Pico is responsible of interference management, because Pico knows which PUEs are interfered, Pico can re-schedule the PUEs and/or use proper power control for PUEs directly. 

Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)

In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and avoids scheduling PUEs on the interfered resources; the other resources could be on the same carrier or different carriers:

-
Other PRBs where the strong UL interference does not occur. 

-
Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to "0".
Solution 2b.
Reuse existing power control mechanisms at Pico
Reuse Release 8/9 uplink power control mechanism with further enhancements left FFS, as specified in LS R3-120008 by RAN1. The open loop power control operation in current specification dates back to Release 8 in which a Fractional Power Control (FPC) operation is implemented as detailed in Section 5.1 of TS 36.214. In the open loop power control formula, the FPC factor α is a cell-specific parameter broadcasted by eNB via RRC signaling. Another parameter, the base level P0, is composed of a cell specific component and a UE-specific component.
4.3.3
Discussion

The overall evaluation is composed of two steps:

-
first evaluation made by RAN3 with emphasis on network related aspects;

-
performance evaluation performed by RAN1 based on RAN3's request
Co-channel or carrier-based hetnet deployment scheme will have impact on the requirements for uplink interference coordination. In co-channel hetnet deployment the Pico eNB has access to the same frequency resources as the Macro eNB. Interference avoidance may still be considered using UL/DL resource reservation (Fractional Frequency Reuse - FFR) and scheduling of interfered or interfering UEs in these protected resources. In a pure carrier-based hetnet deployment the MUEs and PUEs will be scheduled on different carriers, thus avoiding any interference issue. Still for the purpose of optimal frequency resource usage, and in order to allow intra-frequency mobility between macro cells and pico cells, the Macro eNB may be configured to operate on the pico cells' carrier(s).
The macro-based solutions (1x) evaluated below rely on identification of the source of interference, and a first level of selection is, for all proposed solutions, done by existing UE measurements. A first level of selection of candidate interfering MUEs can be the cell-edge MUEs. However also non-cell edge MUEs may be potential interferers, but it should be noted that these UEs will typically transmit with lower power.
The need for further down-selection of the candidate set of interfering MUEs may be higher in co-channel based hetnet deployments than in carrier-based hetnet deployments, due to possibly higher amount of interference-protected resources in the latter scheme. The evaluation of methods for such down-selection need to take into account that the specific UEs that are source of interference to the Pico eNB are constantly different and varying over PRB and time. Depending on the radio and deployment condition between the UE(s) and Pico eNB, the amount of interference received could also vary significantly. There is therefore some risk that identifying these UEs could become a fruitless exercise and may involve signaling complexity and yield little performance difference. 
4.3.3.1
Evaluation criteria
Table 4.3.3.1-1 lists the evaluation criteria used for comparing the different solution for the UL interference in macro-pico environment.
Table 4.3.3-1: Comparison criteria for UL interference solutions

	Criteria
	Description

	Compatibility with legacy UEs 
	Is the solution operable in case of legacy UEs? 

	Synchronisation level 
	Clarify the level of synchronisation required by each solution. 

	X2 specification impact
	High-level impact on functional specification and protocol specification to enable support of eNB interworking.

	Impact on eNB
	Requirements relative to processing capacity, memory, configured information. Implementation impact to enable support of eNB interworking.

	UE specification impact 
	Uu interface specification impact (should be none according to current WID objectives). The solutions shall rely on existing UE features in different releases, with focus on solutions with no physical layer impact.

	Impact on UE implementation and performance
	E.g. power consumption, performance impact on data and control channels. 

	Effectiveness of the solution
	Solution performance. Effectiveness (including accuracy and latency) of the interference mitigation.


4.3.3.2
Comparison matrix

Table 4.3.3.2-1 captures the evaluation of the solutions.

Table 4.3.3.2-1: Comparison of UL interference solutions

	
	Compatibility with legacy UEs
	Synchronisation level
	X2 specification impact
	Impact on eNB
	UE specification impact
	Impact on UE implementation and performance
	Effectiveness of the solution

	Solution 1a
	
	
	
	
	
	
	

	Solution 1a1
	
	
	
	
	
	
	

	Solution 1b
	
	
	
	
	
	
	

	Solution 1c
	
	
	
	
	
	
	

	Solution 1d
	
	
	
	
	
	
	

	Solution 1e
	
	
	
	
	
	
	

	Solution 2a
	
	
	
	
	
	
	

	Solution 2b
	
	
	
	
	
	
	


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































