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Introduction
During the previous RAN1 meetings (RAN1#70bis and RAN1#71) many papers were discussing different issues related to UL-DL imbalance problems and techniques for their mitigation. 
In this paper we extend the discussion on desensitization, UL interference handling when the UE is connected to the macro, and UL interference handling when the UE is in SHO with the macro and LPN.
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Noise Figure aspect in LPN 
Link imbalance as presented in [6] between LPN and Macro cells in HetNet environment causes several problems to the network. One possibility to mitigate this imbalance is by desensitizing the low power node (LPN). This technique has been known since early days of cellular CDMA. The desensitizing can be achieved by several methods and it is visible directly as an increase of the noise figure of the receiver. When the sensitivity of the LPN is lower than the Macro node by the same amount as the downlink power difference of the P-CPICH channels then the uplink signals would be equal at the both node receivers at the same point when the P-CPICHs are at equal level at UE. Then the links to LPN and Macro cells could be considered to be “balanced”. 
However this method has some drawbacks. The desensitization will cause the UE transmit powers being higher by the amount of the extra attenuation, than they otherwise would be. If there are several desensitized LPNs under one Macro cell, and considerable amount of UE served by them, they will also cause considerable interference to the Macro cell UL, i.e. Noise Rise is increasing. This will have a negative impact to the uplink capacity of the Macro cell.
On the other hand, it can be expected that the potential problems brought by the link imbalance are only temporary due to UE mobility and dependent e.g. on the locations of the served UEs. So it may not be necessary to apply desensitization all the time. We think it is beneficial to study methods to control the level of desensitization.
Proposal 1: We propose to study methods to control the level of desensitization in LPN.
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UL interference in LPN

 

The high difference in Macro and LPN P-CPICH powers causes the problem that DL and UL cell boundary in LPN are not balanced. The situation is presented in the Figure 1 below and was also presented in [6]. The DL boundary of the LPN is smaller than UL boundary as shown in the figure. In the area between the boundary of same UL SINR (marker E in the figure) and the LPN DL boundary (marker C in the figure) the UE is connected to the macro and could generate severe UL interference to the LPN. Furthermore, in this area UE cannot be in handover with LPN because it is outside the LPN’s DL boundary. 
CIO and desensitization helps in balancing LPN DL and UL links but these methods have also drawbacks (the effect 
of desensitization is discussed in Section 2 above and the effect of CIO on DL control channels reliability is discussed in [3]). CIO and desensitization cannot be aligned to have almost ideal link balance for all cases and network parameters, especially with LPN that have very low maximum DL power (e.g. 30 and 24 dBm). 

Additionally, the UL interference level could be especially high and be a significiant part of LPN Noise Rise level when many UEs with high throughput UL services are located in the mentioned zone between boundaries E and C.
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Figure 1: UL and DL cell boundaries in Macro and LPN  

Therefore, as there is an area where high UL interference is generated, but the area is outside even the CIO-extended SHO area, and as UL desensitization is not always an option, means should be given to the network first to assess the situation of high UL interference outside a DL SHO area, and following means to remedy the interference situation.
Proposal 2: We propose to study methods for estimating if a UE connected to the Macro cell (but not to the LPN) is creating too high interference for the LPN
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UL physical channel boosting

In Figure 2 we show a simplified view of a typical UE in the SHO zone attempting to receive the downlink transmission of a macro cell and a LPN. In this view, it should be noted that this UE will be dominantly power controlled by the stronger uplink (i.e. LPN).
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Figure 2: HS-DPCCH reception at serving macro cell uplink when UE is in SHO. 

Because of the better link budget as seen from LPN, the UE’s UL power will be limited by the LPN and 
as a consequence the quality of reception of uplink physical channels (viz. DPCCH, HS-DPCCH, E-DPCCH, 
E-DPDCH etc.) in Macro may be remarkably poor. In some cases the uplink quality for the Macro may be no longer sustainable and a Radio Link failure may be declared by the macro NodeB (eventually leading to a forced HSDPA serving cell change to the LPN). When newer features like HSDPA Multiflow are enabled, this may lead to zero throughput situations on the serving macro cell radio link.
However with HS-DPCCH boosting the area where the UL HS-DPCCH can be decoded is extended. HS-DPCCH boosting was already introduced in order to improve the reliability of the UL control information for HSDPA, and during the Multiflow WI the possible boosting range was further extended. The parameter Ahs (Quantized Amplitude Ratio) is sent to the UE via RRC signalling which indicates what power offset to use for different parts of the HS-DPCCH. The current maximum value that could be signalled to the UE is around 14 dB. High value of HS-DPCCH boosting means also more interference for LPN. That is, the HS-DPCCH boosting will help the DL transmission from the macro and thus will be paid for with UL capacity in the LPN. In other words, HS-DPCCH boosting values will lead to higher SIR values for the boosted UEs, and this should be reflected in the SIR target settings performed by the RNC.
We also note that for HS-DPCCH decoding the successful reception of the UL DPCCH channel is required.
Having said that, it is also beneficial to understand the effects of high UL-DL imbalance (e.g. uplink radio link failure) on Multiflow performance and specifically analyze if we could still gain reasonable HSDPA throughput on the weaker radio link. Also, the value set for a UE for a particular level of HS-DPCCH boosting depends on the dynamic cell conditions (e.g. cell load, presence of other link imbalance mitigation optimizations i.e. CIO and desensitization etc.). 
It appears necessary to quantify those interdependencies.
Proposal 3: We propose study the effects of HS-DPCCH boosting in the presence of an UL-DL imbalance and the impact on Multiflow feasibility (operation and performance).
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Conclusion
In this paper we have we have discussed different aspects related to DL-UL imbalance and interference problems. The complexity of these problems in HetNet architecture requires new solutions. In order to address them we have the following proposal:

Proposal 1: We propose to study methods to control the level of desensitization in LPN.

Proposal 2: We propose to study methods for estimating if a UE connected to the Macro cell (but not to the LPN) is creating too high interference for the LPN
Proposal 3: We propose study the effects of HS-DPCCH boosting in the presence of an UL-DL imbalance and the impact on Multiflow feasibility (operation and performance).
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