3GPP TSG-RAN WG1 Meeting #72-bis
R1-131599
Chicago, USA, 15 – 19 April 2013

Agenda item:


6.3.1
Source:
Nokia Siemens Networks
Title:
Effect of UL-DL mismatch on SHO/MF operation
Document for:

Discussion
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 network and causes several issues in Soft Handover (SHO) and Multiflow (MF) operations.

In this paper we show the simulation results and analysis of UL-DL mismatch effect on SHO/MF operation.
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Effect of UL-DL mismatch on SHO/MF performance
The level of UL-DL mismatch is calculated based on formula (9) presented in [5]. With the assumptions presented in point 3.4 in this paper and assuming that macro and LPN nodes have diversity reception with the same gain the simplified formula for UL-DL mismatch MUD is the following:
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where:

Ior,MN, Ior,LN – Macro and LPN cell max transmitted power

NRX,MN, NRX,LN – Macro and LPN cell RX sensitivity 

Additionally when we assume that desensitization described in [1] is not applied in LPN so RX sensitivity is the same in macro and LPN nodes (NRX,MN – NRX,LN = 0) and that macro and LPN cells use the same percentage of maximum TX power for CPICH channel then the UL-DL mismatch level for different LPN power classes is the following:

· LPN 37 dBm:
MUD = 6 dB

· LPN 30 dBm:
MUD = 13 dB

· LPN 24 dBm:
MUD = 19 dB

With the above assumptions the DL-UL mismatch level informs us about the difference in pathloss between UE-LPN link and UE-macro link in the point of the equal reception of DL CPICH power. When desensitization [1] is applied in LPN then NRX,LN is higher than NRX,MN and DL-UL mismatch MUD is decreasing correspondingly.
We have analyzed the UL/DL mismatch in SHO/MF areas. The simulations were performed according to section 4 Simulation Assumptions in order to investigate this effect. The simulated cell layout is described in more details in [6]. 
The results of those analyses have been captured in Figure 1a & 1b below. They show an exemplary of simulated network (macro 43dBm, LPN 30dBm) with marked DL SHO area and corresponding UL pathloss difference. The difference between 1a and 1b is the applied Cell Individual Offset (CIO), with 0 and 3dB respectively. DL SHO area is calculated based on 2 cells in active set, UL PL difference is difference in pathloss for these 2 cells at every point in DL SHO area. The colors on the right hand side of those figures represent the UL pathloss difference corresponding to the DL SHO area.
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[image: image3.png]UL pathloss difference for DL SHO areas for Macra: 43dBm, LPN: 30dBm (CIO0: 0dB)
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Figure 1a. DL SHO areas (left) and corresponding UL pathloss difference (right) for macro 43dBm and LPN 30dBm with CIO = 0dB and Desensitization = 0 dB (Shadowing OFF)
[image: image4.png]DL SHO areas for Macro: 43dBm, LPN: 30dBm (CI0: 3dB)




[image: image5.png]UL pathloss difference for DL SHO areas for Macra: 43dBm, LPN: 30dBm (CI0: 3d8)





Figure 1b. DL SHO areas (left) and corresponding UL pathloss difference (right) for macro 43dBm and LPN 30dBm with CIO = 3 dB and Desensitization = 0 dB (Shadowing OFF).
Additionally the effect of LPN desensitization with 3dB and 6dB is shown in Figure 2 below. Further plots have been provided in Figures 6 and 7 in the Appendix. Figure 2 shows CDFs of UL pathloss difference measured in DL SHO area for LPN 30dBm.
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Figure 2. Effect of desensitization for LPN on UL PL difference: 30 dBm (CIO: 0 dB and 3dB with 3dB desensitization on the left and 6 dB desensitization on the right) [N – CIO or Desensitization is disabled, Y – CIO or Desensitization is enabled]
We can see that in the DL SHO areas the UL pathloss difference can reach up to 17dB for 30dBm LPN without CIO and is not changing after addition of CIO=3dB. In case of LPN 37dBm (Figure 7 in Appendix) UL pathloss difference in SHO area could be up to 11dB. In case of CIO=3dB the UL PL difference statistics is different because CIO is extending outer boundary of DL SHO. 

For UEs with such high UL PL difference operating in SHO for non-Multiflow services UL diversity reception may be weak. This may result from the fact that the UE UL transmitted power controlled by the LPN may be very low at the macro. It could also happen that due to macro RX reception being on a very low level the serving cell change from macro to LPN could happen immediately after adding the LPN to the Active Set. 

In case of Multiflow operation we know from link level simulation ([2], [3]) that maximum UL pathloss difference for reliable reception of HS-DPCCH channel is 3dB assuming DPCCH SIR target =-21 dB and current maximum HS-DPCCH boosting of 14dB. When we extend HS-DPCCH boosting to 21dB then maximum UL pathloss difference could be 6dB. This is dictated by poor performance of channel estimation based on DPCCH pilot bits working with this kind of UL pathloss difference condition when LPN is much stronger link controlling UE TX power. 

To show this in a different way, we present Uplink pathloss difference maps for LPN of 30 dBm and 37 dBm and demarcate areas with binary criteria (Figure 3 and 4). The corresponding UL pathloss difference is calculated on DL SHO areas. 
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Figure 3. LPN 30dBm, UL pathloss difference areas more than 3 dB (to your left) and 6 dB (right figure), CIO=0dB, Desensitization=0dB (Shadowing OFF)
[image: image10.png]ULPL > and < 3 dB : Macro: 43 dBm, LPN 37 dBm
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Figure 4. LPN 37dBm, UL pathloss difference areas more than 3 dB (to your left) and 6 dB (right figure), CIO=0dB, Desensitization=0dB (Shadowing OFF)
Based on Figures 3 and 4 we can see how significant the share of SHO area is where the UL pathloss difference is larger than 3dB or 6dB. Of course the effect is more evident for LPN 30dBm than 37dBm due to higher UL-DL mismatch in case of lower TX power of LPN.
The histogram on Figure 5 shows the percentage of areas with different level of UL pathloss differences related to total area.
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Figure 5. Histogram of UL pathloss difference (30dBm and 37dBm and CIO: 0dB and  dB).
[Y axis shows the percentage of areas with UL pathloss differences depicted on X axis related to total analyzed area]
We see that large part of SHO areas do not fulfill UL pathloss difference requirement (3dB when max. boosting is 14dB, 6dB when max. boosting is 21dB) for HS-DPCCH channel reception due to DPCCH channel estimation problem mentioned before. The usage of CIO=3dB increases volume of these areas only in case of LPN 30dBm because UL/DL mismatch is much higher than for LPN 37dBm. In case of LPN 37dBm there are not changes with CIO=3dB because a UL points that are increased with CIO are already under 3 dB or more pathloss difference.  We can also see that for LPN 30dBm there are areas where UL pathloss difference is higher than 14dB. This indicates that current HS-DPCCH boosting level could require extension and/or increasing SIR target for DPCCH. In the other hand higher HS-DPCCH boosting and SIR target means larger interference to LPN. 


Proposal 1: We propose to study maximum and sensible levels of HS-DPCCH boosting and DPCCH SIR Target for WCDMA HetNet deployment working with high DL/UL mismatch conditions


In this case UL-DL mismatch must be minimized to enable reliable UE operation in SHO area especially with Multiflow enabled transmission. A well known and effective method to reconcile the UL pathloss difference to tolerable limit is desensitization described in many papers presented in previous meetings [1]. The desensitization decreases the UL pathloss difference in SHO area as shown on Figures 2. The ideally case is when applied desensitization level is equal UL/DL mismatch which is 13dB for LPN 30dBm and 6dB for LPN 37dBm. With perfect balanced link the maximum UL pathloss difference is decreased to a few dBs (like in macro only deployments). The desensitization also lowers the areas of UL PL difference larger than 3dB or 6dB important for reliable channel estimation based on DPCCH and reception of HS-DPCCH.  On the other hand we know that applying a high value of desensitization causes high UL interferences in macro cell due to fact that all UEs in the LPN cell are transmitting with higher power ([4], [7]). Therefore it could be not possible to completely balance UL-DL mismatch by applying desensitization in LPN which equals UL-DL mismatch level, for example in [4] for LPN 37dBm when desensitization 6dB is applied (which is equal UL-DL mismatch level) for two LPNs then macro RoT from only UL interferences from LPN UEs could be even larger that RoT target. In case when UL/DL mismatch is not fully balanced we have problem with macro UEs close to LPN which generate interferences to LPN. Those UEs could not be offloaded to LPN because LPN DL area is lower than UL area. This problem was already described in paper [1] and [6]. 
Therefore we can say that desensitization could not be fully applied to LPNs especially when high load is present because UL interferences to macro cell are not acceptable. On the other hand some level of LPN desensitization is beneficial and recommended because UL interferences to LPN are decreased and UL pathloss difference in SHO areas are decreased which is beneficial for levels of DPCCH SIR target and HS-DPCCH boosting requirements. In this case co-channel WCDMA HetNet deployment with not fully balanced UL-DL mismatch could require new solutions and changes in 3GPP standard. 

Observation 1: We recognize the need of applying LPN desensitization which not fully balanced the UL/DL mismatch 
Proposal 2: We propose to study maximum and sensible level of desensitization in LPN 

We would like to add here 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.

3
Conclusion
In this paper we have shown the effect of UL/DL mismatch for SHO and MF operation and investigated the effect of desensitization and required HS-DPCCH boosting and DPCCH SIR target. The following proposals and observation should be considered:
Observation 1: We recognize the need of applying LPN desensitization to LPN which not fully balanced the UL/DL mismatch 

Proposal 1: We propose to study maximum and sensible levels of HS-DPCCH boosting and DPCCH SIR Target for WCDMA HetNet deployment working with high DL/UL mismatch conditions

Proposal 2: We propose to study maximum and sensible level of desensitization in LPN
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Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2000 MHz

	Total bandwidth
	5 MHz

	Inter-site distance
	500 m

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

	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
	3GPP ant (2D ant):                                                     

              


           = 70 degrees,     Am = 20 dB

LPN: 2D Antenna, omni-directional

	Penetration loss
	20dB

	Maximum Tx Power of NodeB
	Macro Node: 43dBm 

LPN: 37 dBm, 30 dBm

	Max. BS antenna gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max. UE antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	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
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Appendix: Additional Simulation Results
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Figure 6. Effect of desensitization for LPN on UL PL difference: 30 dBm (CIO: 0 dB and 3dB with different Desensitization as indicated in Figure title)
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Figure 7. Effect of desensitization for LPN on UL PL difference: 37 dBm (CIO: 0 dB and 3dB and Desensitization as indicated in Figure title)
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