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1. Introduction
Home-eNB (HeNB) deployments where at least a part of the bandwidth is shared with macro-cells are considered to be high-risk scenarios from an interference point-of-view [1]. When UEs connected to a macro-cell roam close to a HeNB, the uplink of the HeNB can be severely interfered with particularly when the HeNB is far away (> 400 m) from the macro-cell, thereby, degrading the quality of service of UEs connected to the HeNB. Currently, the existing Rel-8 UE measurement framework can be made to use of identify the situation when this interference might occur and the network can handover the UE to an inter-frequency carrier that is not shared between macro-cells and HeNBs in order to mitigate this problem. However, there might not be any macro-only carrier available in certain networks to handover the UE to. Further, as the penetration of HeNBs increases, being able to efficiently operate HeNBs on the entire available spectrum might be desirable from an efficiency perspective. In this contribution, we discuss HeNB UL interference problem in further detail and propose a method that can enable a more effective co-channel/shared channel deployment of HeNBs in Rel-9.
2. Background
In a heterogeneous network comprising macro cells and HeNBs/CSG cells that have overlapping bandwidth deployments, certain interference problems can arise. One such interference problem is depicted in Fig. 1, where the uplink (UL) transmission from a UE connected to a macro-eNB (MeNB) that close to, i.e., within signal range of, a HeNB severely interferes with the UL of a UE connected to the HeNB. This case has been identified as interference scenario 3 in [1] in UTRA.
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Figure 1. UL interference from MUE to HeNB
The severity of the problem can be quite high when the separation between MeNB and the HeNB is large. This is illustrated by some simple calculations as follows. The pathloss (PL) equation for typical macro-cellular environments (from TR 25.814) used in system evaluations is given by PL (dBm) = 128.1 + 37.6log10(R), where R is in kilometers, for 2 GHz carrier frequency. The MUE sets it UL transmit power based on the receiver SINR requirement at the MeNB that is further dependent on the desired PUSCH MCS. From TS 36.213, the UL power control equation can be approximated as PTx,MUE = max{PCMAX, IMeNB + SNRreq,MeNB + PLMeNB-MUE}, where PCMAX is the maximum allowed MUE transmit power per the power class, IMeNB is the co-channel interference at the MeNB receiver, SNRreq,MeNB is the required SINR for MUE UL transmission to support the desired MCS level and PLMeNB-MUE is the patloss from the MeNB to the MUE.
Table 1 summarizes the dependence on distance of PL and MUE transmit power with PCMAX = 23 dBm, IMeNB = -98 dBm and SNRreq,MeNB = 10 dB.

	MeNB-MUE distance (m)
	PLMeNB-ME (dB)
	PTx,MUE (dBm)

	100
	90.40
	2.40

	200
	101.72
	13.72

	300
	108.34
	20.34

	400
	113.04
	23.00

	500
	116.68
	23.00

	600
	119.66
	23.00

	700
	122.18
	23.00

	800
	124.36
	23.00

	900
	126.28
	23.00

	1000
	128.00
	23.00


Table 1. PL and MUE transmit power dependence on distance
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Figure 2. CDF of UE transmit power

The UE output power cumulative distribution function (CDF) for Case 1 and Case 3 are shown in Fig. 2. In a macro-cell with 500 m cell radius (eg. Case 1 or Case 2 from TR 25.814), only about 10% of users transmit above 20 dBm. On the other hand, for larger macro-cells (eg. with 1 km cell radius -- Case 3 from TR 25.814), more that 80% of the users transmit above 20 dBm. Therefore we note that a MUE that roams close to a HeNB that is serving its users can severely degrade the UL throughput in the HeNB particularly when the MeNB-HeNB separation becomes large.
Techniques such as adaptive uplink attenuation considered in the UTRA-framework [1] are likely to be investigated in the LTE context for mitigating this problem. These methods are aimed towards minimizing HeNB throughput loss due to macro-cell uplink interference However, these methods alone might not be sufficient in achieving the best spectral efficiency possible with heterogeneous deployments. In the sequel, we discuss some alternate methods that can be useful in making HeNB deployments more efficient.
3. Partial bandwidth overlap in UL
In [1], deployments where there is a partial bandwidth overlap on the DL as shown in Fig. 3 have been considered. In Rel-9, it is likely that there will be HeNB deployments where the HeNB UL bandwidth only has a partial overlap with the macro-cell UL bandwidth. The following scenarios where partial overlap occurs can be envisaged.

· The UL bandwidth of a HeNB is not equal to the UL bandwidth of the macro-cells.

· Fractional frequency reuse (which is being investigated) where a certain HeNB may use only a portion of the available bandwidth configured semi-statically or dynamically is enabled.
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Figure 3 (Figure 5.1.4-3 from [1]). Spectrum arrangement for EUTRAN on the DL
Fig. 4 shows a potential UL bandwidth arrangement for two example cases. In Case 1, the HeNB carrier on the UL is offset relative to the MeNB UL carrier. In Case 2, the HeNB and MeNB share the same carrier. In both cases, the HeNB UL overlaps with only a part of the MeNB UL. This means that, if a MUE were to roam close to a HeNB, then the UL interference from MUE to HeNB can be mitigated by scheduling PUSCH RBs for the MUE outside of the bandwidth used in HeNB UL. This is feasible if the MeNB has information pertaining to

· the UL carrier frequency of the HeNB or alternately, the carrier offset of the HeNB from the MeNB carrier, and
· the UL bandwidth configured by the HeNB.


[image: image4.emf]MeNB

HeNB1 

f

off,1

Available UL BW for scheduling a MUE

Available UL BW for scheduling a HUE

Portion of UL BW that may be used by MeNB to schedule 

a MUE when the MUE is close to HeNBx

Legend

BW

BW

Case 1 

MeNB

HeNB1 

BW

Case 2

BW

1

BW

2


Figure 4. Potential spectrum arrangement on UL on a shared carrier
4. Additional UE reporting to support UL coordination

In order to support the UL coordination outlined in the previous section for mitigating MUE interference to HeNB UL, some additional UE measurements are necessary for the following reasons.

· Asymmetric DL/UL deployments are likely (eg. 10 MHz DL and 5 MHz UL, etc.) in typical HeNB deployments. Also, it is possible that a single network has HeNBs with different bandwidth capabilities (eg. 5 MHz and 10 MHz).
· Variable UL/DL carrier separation is possible.

· The operator has knowledge of the EARFCN raster on which the HeNBs are allowed to use in a give band. But, in a network, whether or not a MUE poses an UL interference problem to a HeNB depends on location of the MUE -- how far away the MUE is from the MeNB and how close it is to a HeNB.

Based on the above observations, if a Rel-9 UE has the capability to perform the following steps in a FDD deployment:
1. read MIB transmission from a HeNB and determine the DL bandwidth (dl-Bandwidth),

2. read SIB-2 transmission from a HeNB and determine

a. UL carrier frequency (ul-CarrierFreq information element defined in TS 36.331), and

b. UL bandwidth (ul-Bandwidth information element defined in TS 36.331)

and report the UL bandwidth and UL carrier frequency to the serving MeNB, then the MeNB has sufficient information to allocate UL resources such that a MUE transmitting a high power avoids interfering with a nearby HeNB on its UL.

Similarly in TDD, if the UE has the capability to perform the following step:
1. read MIB transmission from a HeNB and determine the common UL/DL bandwidth (dl-Bandwidth).

and report it, the MeNB has sufficient information to mitigate the UL interference problem similarly to FDD.

The interference caused by PUCCH by the MUE is likely to be less severe. However, the PUCCH can be pushed to outer edges of the macro-cell bandwidth with over-provisioning if the outer RBs of the bandwidth do not overlap with the HeNB UL bandwidth. In this scenario, it will be possible to orthogonalize both data and control transmissions from the MUE.
5. Impact of additional UE reporting on Rel-9 UEs
Reading of SIB-1/2 is currently being considered in RAN WG2 for resolving PCID confusion problem in the context of in-bound mobility to HeNBs. SIB-1 reading is necessary to enable SON automatic neighbor relation (ANR) determination functions like global cell identity (GCID) reporting. Further, we note that 

· the proposed reporting will be a connected mode capability, and

· there will likely be only a few inter-frequency layers that a UE would typically be configured to read MIB/SIB-2 for.

Therefore, the power consumption impact is likely to be small. The additional complexity of reading of MIB/SIB-2 is within the scope of possibilities currently being considered for Rel-9.
6. System-level gains

As discussed earlier, the additional UE reporting provides the marco-eNB with the necessary information to perform PUSCH scheduling that does not interfere with HeNB data and control on the uplink. Clearly, this approach can bring large gains to HeNB performance. However, there is a potential for some throughput loss on the MeNB uplink due to reduced transmission resources. There is, therefore, a trade-off between macro-eNB and HeNB performances. System-level evaluations of this proposal together with adaptive uplink attenuation are necessary to determine the potential gains achievable.
7. Conclusion
In this contribution, we discussed the problem of interference from a MUE to HeNB UL when the MUE is far away from the macro-eNB and close to the HeNB. We provided a discussion on the merits of orthogonalizing MUE PUSCH resource allocation relative to HeNB UL. A UE measurement capability that would enable such schemes was also proposed. We propose that RAN4 consider this method along with other proposals towards mitigating interference scenario 3 identified in [1].
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