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1
Introduction
UL-DL mismatch effect in WCDMA HetNet deployment was discussed in many papers in the previous RAN1 meetings (RAN1#70bis, RAN1#71 and RAN1/#72). This mismatch between UL and DL coverage areas between macro and LPN is the main problem of interference in HetNet and causes several issues in SHO and Multiflow operations.

In this paper we show the simulation results and analysis of UL-DL mismatch effect on Strong Mismatch Zone described previously in [1]. 
2

Effect of UL-DL mismatch on UL Interference in LPN
We have presented in the paper [1] the problem with interferences from macro UEs to LPN in the area of a strong mismatch where in DL the LPN signal is outside the SHO area but the UL received signal from the macro UE is higher in LPN than in serving macro (Figure 1). This strong mismatch area is placed between the contour where the UE signal is received on the same SINR level in macro and LPN (point E in Figure 1) and the contour where LPN SHO area is reachable (point C in Figure 1). We name this area Strong Mismatch Zone. 
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Figure 1. Strong Mismatch Zone in WCDMA HetNet deployment
2.1 
Simulation Results
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Figure 2: Exemplary network layout for the simulation exercise

Figure 2 above shows a 7 site layout (each site hosting 3 sectors/cells, hence 21 macro transmitters). 4 LPNs (shown in GREEN) are randomly dropped in each cell. In each site the dotted arrows show the sectorization of this site. In Site 1 we show the direction of the macro antenna transmission by RED arrow. This results in 84 LPNs in the 21 cell layout giving us a total of 105 transmitters. Each LPN transmits at a fixed power of 30 or 37 dBm and we use the P-CPICH received power from each transmitter and the combined interference in this layout for post-processing and to arrive at various results e.g. computation of the DL SHO and UL SHO area, the effect of CIO on the DL SHO area, the effect of desensitization on the UL SHO area, UL pathloss difference maps etc. Each map contains 500 x 500 points (each point is a distance in space equal to 2 meter). More details on the parameters used in this simulation are provided in details in Annex A.
The size of area with a strong mismatch could be significant, especially without UL-DL mismatch compensation. In the figure 3 below one can see an exemplary map which shows these areas without LPN desensitization and with LPN desensitization 6dB for LPN 30dBm. 
The legend for these Figures is as follows:

· CYAN depicts the Strong Mismatch Zone (area in which the UE is seen by LPN but the LPN has not yet been added to the active set of the UE, SINR level is equal in macro and LPN), 
· BROWN where UE is in DL SHO area (LPN is stronger radio link),

· YELLOW where UE is in DL SHO area (macro is stronger radio link). 
The assumptions for the simulations are listed in section 4. The additional assumptions are the following: 
· LPN and macro have the same diversity gain

· LPN and macro have the same receiver technology

· LPN and macro have the same RoT level
With these assumptions the outer boundary of the Strong Mismatch Zone (CYAN) areas is just the boundary where UL pathloss from UE to macro and UL pathloss from UE to LPN are equal.
In Annex B more Figures (6-8) are provided showing exemplary maps with CIO 3dB for LPN 30dBm and different desensitization level and exemplary maps for LPN 37dBm with and without CIO and with different LPN desensitization. 
Please note that that presented simulation results do not include Multipath Fast Fading in the propagation modeling. Therefore the presented results must be considered optimistic compared to a real network.
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Figure 3. DL SHO areas and Strong Mismatch Zone for LPN 30dBm, CIO=0dB (Desensitization = 0dB to your left and Desensitization = 6dB to your right, Shadowing OFF) 

The histogram on Figure 4 shows the percentage of DL SHO area and Strong Mismatch Zone area related to total network area for different value of desensitization.
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Figure 4. Histogram of the DL SHO areas (DL) and Strong Mismatch Areas (UL) for LPN=30dBm (left) and LPN=37dBm (right) for different values of CIO and Desensitization
We can see that the cumulative area of Strong Mismatch Zone compared to the cumulative area of DL SHO is significant especially for LPN 30dBm. For LPN 30dBm without desensitization and CIO the Strong Mismatch Area is about 14% of total network area and is larger than DL SHO area which equals 9%. When CIO is applied the Strong Mismatch Zone is decreased because the DL SHO area boundary is shifting closer to the contour of Strong Mismatch Zone. The usage of, for example, 9dB desensitization in LPN causes that the contour of Strong Mismatch Zone is included in the DL SHO area and UE can add LPN to Active Set. Therefore we do not see in the Figure 4 Strong Mismatch Zone with 9dB level of desensitization. Complete balancing is achieved only when desensitization level equals UL-DL mismatch which is 13dB for LPN 30dBm [6]. 

However we know from analysis in [4], [6] and [7] that 9dB desensitization for LPN 30dBm cannot be recommended due to excessive amount of UL interference to the macro. Instead, a level of 3dB or 6dB of desensitization should be considered. With this level of desensitization we still have the areas of Strong Mismatch Zone areas which are not covered by DL SHO areas. The macro UEs located in this area generates the highest interferences to the LPN in comparison to other areas in the network.
With a LPN 37dBm the situation is less problematic. We know from [4], [6] and [7] that balancing UL-DL mismatch with fully desensitization which is 6dB for 37dBm is not recommended due to high UL Interferences to macro cell. Therefore the considered level of desensitization should be 3dB or even 0dB (no desensitization).  With 0dB desensitization we have a Strong Mismatch Zone which could be a few meters around the DL SHO area. 
We can see that without balanced or with partially balanced UL/DL mismatch we have significant areas of Strong Mismatch Zone especially for LPN 30dBm. If we were to consider also LPN 24dBm which was not part of simulations then those areas would be even larger. Macro UEs located in those areas will create the strongest interference to the LPN. 
2.2

Resolving the Strong Mismatch Zone

As explained the only solution for minimizing the described problem has been desensitization, at the price of overall UL capacity loss. One might tackle the problem however also in more efficient manner by adding to those UEs Active Set’s the cell(s) suffering due to the Strong Mismatch Zone (Figure 5): Assuming that the network has the ability to identify the UEs outside the DL SHO area but inside the Strong Mismatch Zone, adding those cells to those UE’s Active Sets would have the benefit of reducing the RoT contribution of the UE to the macro’s UL, and turning the UE’s contribution to the LPN’s UL interference into usable signal. 
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 Figure 5. Left: UE in Strong Mismatch Zone, before being in the active set. The UE is required to transmit with high power, while being a strong interferer to the LPN. Right: UE in Strong Mismatch zone, after being added to the Active Set. Less power is required to send the UL signal, leading to less UL interference for macro.

The question arises how to identify the UEs contributing to the Strong Mismatch Zone which need the LPNs outside their current DL SHO area to be added to the AS. The network may identify the UEs in the Strong Mismatch Zone by a variety of means: Using simply low thresholds for active set addition is one possibility but problematic as too many UEs will be added creating to high network load. Instead the network may for instance configure the UEs’ measurements with very low threshold for specific LPNs. There, the network would use its knowledge of LPN DL powers to infer also the UL strength. The most attractive option is however to let the LPN directly measure the interference of UEs not yet attached to it (i.e. not yet added to the UE’s AS). This would not create a large computational burden as long as the LPN is aware of the timing of the UEs, which is known to the network.
3
Conclusion
In this paper we have shown the simulation results and analysis of Strong Mismatch Zone. The following proposal should be considered:
Proposal 1: Discuss mechanisms to help the network identify UEs in the Strong Mismatch Zone 
Proposal 2: Include the text in Annex C to TR25.800
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Annex A: Simulation assumptions

	Parameter
	Value

	Carrier frequency
	2000 MHz

	Total bandwidth
	5 MHz

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Number of LPNs
	4 per macro sector

	Deployment of LPNs
	-Randomly and uniformly distributed within a macro sector

-Minimum distance between macro and LPN: 75 m

- Minimum distance between LPNs: 40 m

	Pathloss
	Macro Node:
L=128.1+37.6log10(R), R in kilometers

LPN: 
L=140.7 + 36.7log10(R), R in Kilometers

	Log Normal Fading

(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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· LPN: 2D Antenna, omni-directional

	Penetration loss
	20dB

	Maximum Tx Power of NodeB
	Macro Node: 43dBm 

LPN: 37dBm, 30dBm

	Max. BS antenna gain
	Macro cell: 14dBi

LP cell: 5dBi

	Max. UE antenna gain
	0dBi

	UE Noise Figure
	9dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	Soft handover parameters
	R1a (reporting range constant) = 4.5dB

R1b (reporting range constant) = 4.5dB

	CIO
	0 dB, 3 dB

	Network configuration
	SIMO


Annex B: Additional Simulation Results
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Figure 6.  DL SHO areas and Strong Mismatch Zone for LPN 30dBm, CIO =3dB (Desensitization = 0dB to your left and Desensitization = 6dB to your right, Shadowing OFF)
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Figure 7.  DL SHO areas and Strong Mismatch Zone for LPN 37dBm, CIO=0dB (Desensitization = 0dB to your left and Desensitization = 6dB to your right, Shadowing OFF)
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Figure 8. DL SHO areas and Strong Mismatch Zone for LPN: 37dBm, CIO=3dBm (Desensitization = 0dB to your left and Desensitization = 3dB to your right, Shadowing OFF)
Annex C: Text Proposal to TR25.800
7.x

Resolving the Strong Mismatch Zone

A known solution to the strong mismatch problem is desensitization, at the price of overall UL capacity loss. One might tackle the problem however also in more efficient manner by adding to those UEs Active Set’s the cell(s) suffering due to the Strong Mismatch Zone (Figure 9): Assuming that the network has the ability to identify the UEs outside the DL SHO area but inside the Strong Mismatch Zone, adding those cells to those UE’s Active Sets would have the benefit of reducing the RoT contribution of the UE to the macro’s UL, and turning the UE’s contribution to the LPN’s UL interference into usable signal. 
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 Figure 9. Left: UE in Strong Mismatch Zone, before being in the active set. The UE is required to transmit with high power, while being a strong interferer to the LPN. Right: UE in Strong Mismatch zone, after being added to the Active Set. Less power is required to send the UL signal, leading to less UL interference for macro.
The question arises how to identify the UEs contributing to the Strong Mismatch Zone which need the LPNs outside their current DL SHO area to be added to the AS. The network may identify the UEs in the Strong Mismatch Zone by a variety of means: Using simply low thresholds for active set addition is one possibility but problematic as too many UEs will be added creating to high network load. Instead the network may for instance configure the UEs’ measurements with very low threshold for specific LPNs. There, the network would use its knowledge of LPN DL powers to infer also the UL strength. The most attractive option is however to let the LPN directly measure the interference of UEs not yet attached to it (i.e. not yet added to the UE’s AS). This would not create a large computational burden as long as the LPN is aware of the timing of the UEs, which is known to the network.
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