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1
Introduction
During 3GPP RAN1#72bis meeting a contribution about Strong Mismatch Zones [1] has been presented in which we have explained and quantified with simulation results the impact of those to a typical HetNet network layout. Following on this topic we have provided a detailed explanation of how UEs can be identified in the Strong Mismatch Zone [2]. In this contribution we would like to provide methods to address UEs identified to be in Strong Mismatch Zone and causing interference to LPN. 
2
Strong Mismatch Zone UEs
In [1] we have explained that typically in a HetNet scenario around an LPN DL cell border there exist areas which are further referred to as Strong Mismatch Zones where UEs connected to and served by macro cells are creating strong interferences to LPNs. In [2] we have provided more details about how to identify UEs in those Strong Mismatch Zones. We have introduces new term: Interference Set which contains all interfereing macro UEs with SINR level. Following the identification of the interfering UEs we would like to present ways to mitigate the interference caused by those UEs. 
During our studies on this topic we have investigated several possible solutions how to address a UEs in the Strong Mismatch Zone. We have indentified several options: 
1. Limit UL throughput (i.e. UL power grants) for the identified UEs 

2. Change the identified UEs carrier frequency (if available) 

3. Enlarge the LPN coverage by applying CIO to add LPNs to identified UEs Active Set (AS)
4. Apply desensitization at LPN

In this paper we would like to provide more details for each of the proposed solutions. 

2.1 
Limit UL throughput for identified UEs

A simple solution to address the extensive UL interference originating from UEs served by macro cells located in the Strong Mismatch Zone is to apply bearer specific rate control e.g. by E-TFCI restriction. This can be achieved by reducing the system resources allocated to such UEs. As a result, the interfered LPNs would see less interference from such UEs. This has been shown in Figure 1, below. 
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Figure 1, showing the change in the UL power grant issued by the serving macro cell to a UE in the Strong Mismatch Zone. As a result the UE UL transmission received by the LPN is lower and hence the interference level is smaller.

This improves the average UL throughput of the UEs served by the LPNs. Additionally it also improves the average UL throughput in the Hetnet deployment. This needs to have the right parametrization to not negatively impact the UL throughput of the macro users. The exact values should be checked via simulations since they may depend strongly on particular parametrization for a given set of UEs. 
2.2
Change identified UEs carrier frequency

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. As such the identified interfereing UEs could be handed-over to a different macro frequency carrier. This has been shown in Figure 2, below: 
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Figure 2, showing an inter-frequency HO for a UE in the Strong Mismatch Zone. After the UE has been handed-over it is no longer causing interference to the LPN.
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 in Interference Set is possible and beneficial from a system level perspective. The exact algorithms based on which an RNC shall decide on this type of hand-over are implementation specific and we shall not discuss them here. However, we would like to point out that it may not be necessary to switch all interfering UEs to other macro carrier, but potentially only a certain part of them, since with each Strong Mismatch Zone UE handed-over to a different carrier the interference level at the LPN shall drop. 
2.3 
Apply CIO at LPN to add the LPN to UEs Active Set

In this method a configurable (variable) CIO value is applied to UEs in Interference Set. The outcome of that procedure may be that UEs which have been so far causing interference to the LPN in the Strong Mismatch Zone may now fall into the LPN DL cell boarder and hence have those LPNs added to their Active Sets. The result of that step would be that the LPN would be now controlling the power at that particular UE and hence the respective UL interference originating from this particular UE will be reduced. This has been shown in Figure 3, below. 
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Figure 3, Shows CIO LPN enlargement causing the UE to be offloaded. Hence, the UE UL transmission power is controlled by LPN and no longer causing interference.
There are several possibilities on what kind of CIO should be applied and what would be the result of this step on the system and cell throughput. It may be possible that not all Strong Mismatch Zone UEs contributing to the LPN noise rise may be offloaded to the LPN due to particular radio conditions. Similar manner expanding a cell too much may have a negative impact on the geomery and UE throughput. Hence, the applicability of CIO in this scenario may depend on various factors as mentioned above. 
2.4 
Apply desensitization at LPN

Since macro UEs in the Strong Mismatch Zone are causing high interference to the LPN one possibility to mitigate this issue would be to change the LPN sensitivity level. Such desensitisation could be applied only when cumulative calculated interferences from UEs in Interference Set in Strong Mismatch Zone would be above a certain target level. Similar manner, when interference would decrease the desensitisation level could also be decreased accordingly. Hence, a dynamic application of desensitization would provide the highest gains in terms of when to apply it, with which level, and when to reduce it and operate the receiver at typical sensitivity level. Other UEs served by the LPN subject to desensitization would need to “pay the prize” by increasing their transmission power to reach the desensitizized LPN at the same power level. Those LPN UEs transmitting higher then usual UL power may also cause additional UL interference to other surrounding cells (potentially also macro) and hence this method needs to be applied carefully observing its influence on several indicators (like e.g. interference level at the LPN and interference level in sourrounding cells). However, the fact that this method is dynamic allows for the necessary LPN sensitivity change only when needed and when the benefit outweights the cost. We do not recommend fixed desensitisation in LPN because this could cause a constant and detrimental influence on surrounding cells. 
3
Conclusion
In this paper we have provided detailed descriptions for several solutions that address the interference problem caused by UEs located in the Strong Mismatch Zone. We stress that all of the presented approaches can be applied to legacy terminals and hence do not require the introduction of any new features to the UE. 
4
Annex A Text Proposal to 25.800
Beginning of Text Proposal
Limit UL throughput for identified UEs

A simple solution to address the extensive UL interference originating from UEs served by macro cells located in the Strong Mismatch Zone is to apply bearer specific rate control e.g. by E-TFCI restriction. This can be achieved by reducing the system resources allocated to such UEs. As a result, the interfered LPNs would see less interference from such UEs. This has been shown in Figure 1, below. 
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Figure 1, showing the change in the UL power grant issued by the serving macro cell to a UE in the Strong Mismatch Zone. As a result the UE UL transmission received by the LPN is lower and hence the interference level is smaller.

Change identified UEs carrier frequency

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. As such the identified interfereing UEs could be handed-over to a different macro frequency carrier. This has been shown in Figure 2, below: 
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Figure 2, showing an inter-frequency HO for a UE in the Strong Mismatch Zone. After the UE has been handed-over it is no longer causing interference to the LPN.

Apply CIO at LPN to add the LPN to UEs Active Set

In this method a configurable (variable) CIO value is applied to UEs in Interference Set. The outcome of that procedure may be that UEs which have been so far causing interference to the LPN in the Strong Mismatch Zone may now fall into the LPN DL cell boarder and hence have those LPNs added to their Active Sets. The result of that step would be that the LPN would be now controlling the power at that particular UE and hence the respective UL interference originating from this particular UE will be reduced. This has been shown in Figure 3, below. 
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Figure 3, Shows CIO LPN enlargement causing the UE to be offloaded. Hence, the UE UL transmission power is controlled by LPN and no longer causing interference.

Apply desensitization at LPN

Since macro UEs in the Strong Mismatch Zone are causing high interference to the LPN one possibility to mitigate this issue would be to change the LPN sensitivity level. Such desensitisation could be applied only when cumulative calculated interferences from UEs in Interference Set in Strong Mismatch Zone would be above a certain target level. Similar manner, when interference would decrease the desensitisation level could also be decreased accordingly. It shall be possible to apply desensitization in a dynamic manner. 
End of Text Proposal
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