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1
Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB) [1]. As part of this task, the downlink co-existence with macrocell has been studied for both co-channel and adjacent-channel scenarios [2, 3, 4]. In the adjacent-channel, the studies so far have focused on the same operator scenario.
In this contribution, we study the HNB downlink co-existence with adjacent-channel macrocell when the adjacent channel belongs to another operator. More specifically, we quantify the impact of HNBs on the outage performance of the Macro UEs (MUEs) belonging to another operator on adjacent-channel. This is particularly important because while an operator can potentially trade off HNB and macrocell performance within its own network, the macro network of another operator on the adjacent-channel has to be protected. Both co-located and non-collated scenarios are considered. Co-located scenario refers to the case where both operators share the same cell site whereas in the non-colocated scenario, the cell sites for the two adjacent operators are in different locations. It is shown that if the HNB DL transmit power is adjusted properly taking into account the macrocell signal strength on the same channel as well as on the adjacent channel, good performance is achieved for both HUEs and the adjacent-channel MUEs (belonging to another operator). Furthermore, it is shown that to limit the impact of HNBs to the visiting MUEs belonging to another operator on the adjacent channel, an absolute Adjacent Channel Leakage Ratio (ACLR) limit of -50 dBm/MHz is preferred compared to -45 dBm/MHz for HNBs.      
2 Scenario and Simulation Assumptions

We consider a dense-urban model corresponding to densely-populated areas where there are multi-floor apartment buildings with multiple apartment units per floor.  In the dense-urban model, we use the 3GPP micro-urban model for the outdoor path loss computation [5]. The free-space component for the micro-urban model is given by
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More details regarding the dense-urban simulation model are given in [2]. 

We assume that Operator 1 operates on frequency channel F1 and deploys HNBs in a shared deployment with the Macro NodeBs (MNBs). We assume that Operator 2 operates on frequency channel F2 which is only dedicated to MNBs. We assume that channels F1 and F2 are adjacent with separation of 5 MHz. We consider two cases, when the MNBs for both operators are co-located and when the MNBs for both operators are non-colocated. When the MNBs are not co-located, at a given geographical location, the geometry on F1 with respect to Operator 1 is not necessarily the same as the geometry with respect to Operator 2 on F2. The non-colocated operator is simulated by randomly shifting the 57-cell layout of Operator 1 with respect to macrocell layout of Operator 2 and also randomly rotating the antenna orientation for Operator 2 with respect to Operator 1 for each simulation run as shown in Figure 1. A minimum separation of 35 m from the MNB is imposed for both layouts.  
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Figure 1: Non-Colocated Adjacent Channel Operators

For Operator 1, we assume that there are 96 HNBs per cell out of which 24 are active, i.e., transmitting full power. The inactive HNBs are transmitting the overhead only at -6 dB Ec/Ior. The CPICH Ec/Ior for HNBs is assumed to be -10 dB. The MNBs are assumed to transmit at 40 dBm (i.e., 50% loading) with an CPICH Ec/Ior of -7 dB (i.e., 33 dBm CPICH tx power).  The CDFs of the path loss from the HNBs, MUEs, HUEs to the strongest MNB for Operator 1 and Operator 2 (non-colocated, shifted layout) are shown in Figures 2 – Figures 4, respectively.
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Figure 2: CDF of the path loss from HNBs to the strongest MNB on Operator 1 and non-colocated (shifted) Operator 2
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Figure 3: CDF of the path loss from MUEs to the strongest MNB on Operator 1 and non-colocated (shifted) Operator 2
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Figure 4: CDF of the path loss from HUEs to the strongest MNB on Operator 1 and non-colocated (shifted) Operator 2

In Figure 5, we show the CDFs of the path loss differential between Operator 1 and Operator 2 (path loss to strongest MNB on Operator 2 minus path loss to strongest MNB on Operator 1) for MUEs, HUEs and HNBs.  It is seen that for a given MUE (or HUE or HNB), there can be as much as 40dB differential between the path loss with respect to Operator 1 MNB and Operator 2 MNB excluding the Adjacent Channel Interference Ratio (ACIR).
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Figure 5: CDF of the path loss differential from HNBs, MUEs and HUEs to the strongest MNB on Operator 2 and Operator 1

3
ACLR requirement for Home Base Station Class
The current ACLR requirement for Local Area Base Station Class is 45 dBc. It has been proposed in [6, 7] to relax this requirement for HNBs by introducing an absolute ACLR limit and choosing the less stringent of the two (i.e., relative vs absolute). In [6], an absolute limit of -50 dBm/MHz is proposed whereas [7] proposes -45 dBm/MHz as the limit. In this contribution, we also investigate the impact of HNBs on the downlink of the adjacent-channel operator macrocell taking into account the two proposed values for the HNB ACLR limit.  
Figure 6 shows the ACLR as a function of the HNB transmit power. For an absolute limit of ‑45dBm/MHz, the ACLR is relaxed if the HNB transmit power is less than 5 dBm whereas for an absolute limit of -50 dBm/MHz, the ACLR is relaxed if the HNB transmit power is less than 0 dBm.  Also, for our analysis, we assume an ACS 33 dB for the UE. 
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Figure 6: Effective ACLR for different values of HNB absolute emission requirements.

4
Calibration of HNB transmit Power
It has been shown in [2] that one value of HNB transmit power does not work in all scenarios and, hence, HNB transmit power needs to be adapted to provide acceptable performance for HUEs and MUEs. HNB tx power self-calibration needs to take into account not only the macro signal level in the same channel but also the macro signal level in the adjacent-channel to ensure that the HNB does not cause  to the adjacent-channel MUEs especially when adjacent-channel belongs to another operator. In this section, we describe an algorithm for calibrating the transmit power of HNBs if presence of adjacent channel. 

The transmit power of HNB is determined as follows. The HNB measures the RSSI (i.e., No) on the same channel as well as the adjacent channel. The HNB also measures the RSCP from the strongest MNB on both channels. Based on these measurements, the HNB determines its transmit power:
1. To maintain a CPICH Ec/No of -18dB for a MUE located X1 dB away from the HNB on the same channel (i.e., protect the co-channel macro user)

2. To maintain a CPICH Ec/No of -18dB for a MUE located X2 dB away from the HNB  on the adjacent channel (i.e., protect the adjacent channel macro user)

3. To make sure that HNB is not causing unnecessary interference to others by enforcing a cap on CPICH Ec/No of the HUE of -15 dB at X3 dB away from the HNB.
For our analysis here we assume X1=X3=80dB and X2=45dB. The minimum and maximum HNB tx power limits are assumed to be -10 dBm and +20 dBm, respectively. 

Using the above algorithm, the CDF of the HNB transmit power is shown in Figure 7. From the figure, we observe that for the case of non-colocated operators, the transmit powers of the HNBs are lower as the HNB are more conservative in setting their tx powers to prevent interference to the adjacent channel operator. For example, the HNB can be close to the cell site with respect to its own operator but at the cell edge with respect to its adjacent-channel operator. If the HNB had neglected the adjacent operator, it would have transmitted at a potentially higher power, thus hurting the adjacent operator MUEs.

In addition, the transmit power profile when the adjacent operator is co-located is the same as that for a single channel case since the interference caused due to the adjacent channel MNBs  is negligible (with the ACIR of 33 dB).  
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Figure 7: CDF of the HNB transmit power for co-located and non-colocated adjacent-channel operator

5
Coverage Analysis 
In this analysis, a UE is declared in outage if its CPICH Ec/No is below -20dB as it will not be able to acquire the system. We find the outage probabilities for the UEs and study the impact of deploying HNBs by Operator on F1 on the adjacent channel operator macrocell (i.e. Operator 2 on F2).  The analysis is done over 10 random drops. For Operator 2, we analyze the performance of MUEs for the following cases:

· MUEs randomly dropped in the three center cell of the 57 cell layout (30% of the MUEs indoors and the rest outdoors). 
· MUEs randomly dropped in the same apartment as the HNB on the adjacent carrier (i.e., MUE of Operator 2 in the same apartment as the HNB of Operator 1). For the rest of our analysis these MUEs are called Visitor MUEs. Note that in practice this type of MUEs will be only a small fraction of the MUEs of Operator 2. 

The CDFs of the path loss from the MUEs (all, indoor and outdoor) and the Visitor MUEs are shown in Figure 8.
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Figure 8: CDF of the path loss of the MUEs (all, 30% indoors, 70% outdoors) and the visitor MUEs to the closest HNB

For Operator 1, we analyze the performance of the HUEs, where one HUE is assumed per HNB. Table 1 compares the outage for the HUEs when the adjacent macro operator is co-located and non-colocated. The HNB transmit power is calibrated according to the DL tx power self-calibration algorithm described in Section 4.

Table 1: HUE outage in presence of adjacent-channel operator

	
	Co-located
	Non-colocated

	HUEs in HNB outage
	1.5%
	2.3%


We observe that the HNB outage for the HUEs is higher in the non-colocated. This is due to the potentially higher interference seen from the adjacent operator MNBs as well as the lower transmit power of the HNBs to protect the adjacent operator MUEs (see Figure 8). 

In Table 2 and Table 3, we show the outage probabilities for the MUEs of Operator 2.  In each case, we show the outage probabilities for all of the MUEs (70% of which are outdoors, the rest are indoors), the outdoor MUEs (the 70% of the MUEs), the indoor MUEs (30% of the MUEs) and the Visitor MUEs located in the same apartment as a HNB of Operator 1. The outage analysis is shown for both co-located and non-colocated scenarios. The outage analysis also shows the impact of relaxing the HNB ACLR requirement for absolute limits of -45 dBm/MHz and -50 dBm/MHz. 
Table 2: MUE Outage Probabilities for Co-located Adjacent-Channel Operator
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Table 3: MUE Outage Probabilities for Non-Colocated Adjacent-Channel Operator
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Based on Table 1 – Table 3, the following observations are made. 

· The HNB transmit power calibration algorithm works well, since the outage on the adjacent channel for general MUEs does not change whether the adjacent operator is co-located or non-colocated and the outage numbers of similar to the case where there are no HNBs on the adjacent channel.
· The impact of whether the adjacent operator is co-located or non-colocated is only seen for the Visitor MUEs which are in very close to the adjacent HNBs due to the increased HNB transmit power, as a result of the calibration algorithm.

· The impact of relaxing the ACLR is only significant in the case of a Visitor MUE in the same apartment as the adjacent operator HNB (due to the close proximity to the HNBs).

· An absolute threshold of -50 dBm/MHz provides more protection to Visitor MUEs than the absolute threshold of -45 dBm/MHz.

· With proper calibration of the HNB transmit power that the takes the adjacent channel operator into account, and with minimum HNB transmit power of -10 dBm and maximum HNB transmit power of +20 dBm, good coverage for both adjacent channel MUEs and co-channel HUEs is achieved.

6
Discussions and Conclusions

In this contribution, we have studied the HNB coexistence with the downlink macrocell of adjacent-channel operator. Both co-located and non-colocated scenarios have been considered. To protect the MUEs on the adjacent channel, the DL tx power calibration algorithm needs to take into account the macro signal level on the adjacent channel as well as the macro signal strength on the co-channel.  An DL tx power calibration is described that limits the coverage hole created for the co-channel and adjacent-channel macro users as well as the interference generated by the HNB for other HNBs while trying to maintain good coverage for its own HUE. The algorithm is shown to perform well in both co-located and non-colocated scenarios. 
The impact of relaxing the HNB ACLR on adjacent-channel operator has also been studied. Two absolute limits of -45 dBm/MHz and -50 dBm/MHz have been considered (as proposed in [6, 7]). We have shown that the impact of this relaxation is noticeable only when adjacent-channel visitor MUEs locating in the same apartment as the HNB are considered. To protect these MUEs, a HNB ACLR limit of -50 dBm/MHz is preferred.

In terms of HNB co-existence with adjacent-channel macrocell, while an operator can potentially trade off HNB and macrocell performance, the macro network of another operator on the adjacent-channel has to be protected. For this, the macro signal strength on the adjacent channel needs to be taken into account when setting the HNB DL tx power. 
To ensure that the MUEs of the adjacent-channel operator are protected, a minimum requirement for HNB co-existence with adjacent-channel operator needs to be added to TS25.104. 
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