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1 Introduction

In RAN#57, a new study item “Study on UMTS Heterogeneous Networks” was approved [1]. In last RAN1#70bis meeting the following has been concluded [2]:
Conclusions on scenarios:

· Terminology:

· Low power node

· Tx powers: 37dBm, 24dBm, 30dBm

· Consider only open access

· For interference issues, focus on co-channel case

· For mobility issues, focus on both co-channel and dedicated channel cases

· Metrics to consider for performance analysis:

· Total system capacity 

· First priority is HS; consider impacts on dedicated channels. 

· User throughput

· Cell average

· Cell edge

· Spectral efficiency

· Impact on legacy users

· Control channel performance

· Include possibility of SHO between macro and LPN, and between LPNs

· Study cases with and without multiflow

· LPN placement:

· First priority is for outdoor LPNs

· Also include a scenario with indoor placement of LPNs

· Keep propagation modelling simple via penetration loss – consider modelling from LTE

Moreover, the interference coordination is also an important problem of HetNet in HSPA. In this contribution, we will focus on the downlink interference problem in HSPA heterogeneous network deployment and try to find some solutions to mitigate it. In addition, we also analyse some related issues that should be considered in the interference coordination solutions. 
2 Interference Issue in HetNet
Due to the difference in transmit power between the macro nodes and low power nodes (LPN) in the heterogeneous network deployment, the DL-UL imbalance problem will actually arise. This is because conventional cell selection is typically based on terminal measurements of the received power of downlink pilot signal. However, in a heterogeneous network deployment with cells with substantially different transmit power, the majority of UEs will choose to access the higher-power macro cell even if the path loss to a LPN is significantly smaller. Furthermore, from the perspective of uplink, the power of the uplink signal received at each node has nothing to do with the downlink transmit power. Thus, the introduction of LPN can potentially cause DL-UL imbalance, as illustrated in Figure 1. Consequently, the UEs who are located in some specific area will suffer some the severe DL-UL imbalance.
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Figure 1: DL-UL imbalance illustration
In order to solve the imbalance, range expansion (RE) [3] is proposed to extend the coverage of LPN. The concept of RE is shown in Figure 2. In the extended area, UE will choose LPN as its serving node. But the downlink transmission from the macro cell is received with substantially higher power than the actual desired downlink transmission from the LPN cell. As a result, UEs in the extended area will be influenced by the strong downlink interference which comes from neighbouring macro base station and these UEs’ DL quality may become much worse. Figure 2 illustrates the downlink interference after adopting RE in the HSPA heterogeneous network.
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Figure 2: Downlink interference illustration when implementing RE
As we analyse above, within this extended area, there is the severe downlink inter-layer interference from the macro cell to LPN terminals. Therefore, we need to find some specific solutions to handle this problem.
3 DL Interference Coordination
In this section, we will initially provide a possible solution, namely the macro Node B muting, to deal with the downlink interference in the HSPA heterogeneous network. We also focus on some related issues when implementing this interference coordination solution.
3.1
Macro Node B muting
Muting the macro Node Bs during some specific subframes can make a low-interference environment for the UEs served by the LPN. Similar concept has been involved in [3] and in LTE discussion (almost blank subframe, ABS and reduced power ABS). Figure 3 illustrates the basic idea of the macro Node B muting. Macro Node B will mute itself or lower its transmit power on the non-overhead channel (such as data channel in this figure) at some specific scheduling cycle (filled with red). In this situation, while the UEs served by the macro Node Bs will suffer the throughput performance degradation to some extent, the UEs served by the LPN can get a low-interference environment during these specific subframes (filled with red). Considering most LPNs are deployed in the density area (namely hot area), the overall system performance may be improved through this method.
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Figure 3: Macro Node B muting illustration (6 HARQ process is a period)
In order to determine the muting subframes, we need to know the muting ratio and muting pattern.

· Muting ratio
Muting ratio can be understood as the ratio of muting subframes to total subframes in a certain period of time. For example, in a period of time (this period can be simply seen as a whole HARQ process cycle in our example), there are 
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 can be defined as:
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We will give a simple example to illustrate how to determine the muting ratio. As the discussion above, more UEs prefer to camp on the LPN and become LPN UE (LUE) after the use of RE. In this case, LUE at the edge of LPN cell will receive severe DL interference from Macro Node B (MNB). We call these LUEs as Bad LUEs (BLUEs). Now we can determine the muting ratio based on the number of BLUEs. Suppose that there are 
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UEs in a Macro cell (including all Macro UEs (MUEs) and LUEs), and there are altogether 
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 BLUEs at the edge of all LPN cells in this Macro cell. So in this Macro cell, the muting ratio is determined:
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· Muting pattern
In addition to the muting ratio, we should identify the muting pattern to completely define the muting procedure. Given the number of muting subframe in a period, muting pattern can further determine which subframes will be mute in the period. There are several muting patterns can be used. We take Figure 3 as an example. Figure 4 and Figure 5 show another two examples to implement the Macro Node B muting with different muting patterns.
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Figure 4: Macro Node B muting pattern example 1 (6 HARQ process is a period)
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Figure 5: Macro Node B muting pattern example 2 (6 HARQ process is a period)
To unify the expressions of different muting patterns, we can provide a uniform formulation as follows:

S mod T = MUTE_OFFSET[n] (1≤n≤ηT)
where S is the index of one subframe, T is the subframe number in a muting cycle, MUTE_OFFSET[n] (1≤n≤ηT) is the corresponding offset of the n-th muting subframe in the current muting cycle with respect to the first subframe in this muting cycle. It means if one subframe indexed by S satisfies the above equation, this subframe will be mute. For example, in the Figure 3-Figure 5, T = 6, η = 1/3 (n=1,2), and each figure holds the different pattern offsets as the following table:
	
	MUTE_OFFSET[1]
	MUTE_OFFSET[2]

	Figure 3
	2
	5

	Figure 4
	1
	4

	Figure 5
	0
	5


Of course, different muting periods, muting ratios and muting patterns will hold the different pattern offsets.
3.2
Synchronization between Macro cells and LPN cells
Next, we will discuss the synchronization and CQI reporting issues that should be considered if the Macro Node B muting is implemented.

In order to achieve the Macro Node B muting, we need the tight synchronization between macro cells and LPN cells.

If considering Remote Radio Head (RRH) or the shared cell [4], then the cell IDs for the LPN cells within the same macro are all the same as the current macro cell. In this case, every cell in this macro area (including both the macro cell and the LPN cells) can be aware of the synchronization information of the other one. Therefore, it is not necessary for the additional synchronization procedure between the macro cells and LPN cells in this condition. However, for the case that the cell IDs for macro cell and LPN cells in this macro cell are different, especially the macro cell and LPN cells belonging to different NodeBs, the problem of synchronization should be further studied and discussed.
3.3
CQI reporting

If the synchronization between the macro layer and LPN can be solved, we will also focus on another issue, namely the influence of CQI reporting when macro Node B muting is deployed. It is well known that when a CQI arrives at the serving Node B, this CQI is actually containing the channel information corresponding to the subframe before the current subframe, which means the CQI will not be timely utilized by the network.
3.1.1 CQI reporting issue description
If the macro Node B muting is not implemented, the timeline for the CQI reporting will follow as Figure 6. We concentrate on the CQI value (filled with blue) for subframe 0 (filled with dots) at the LPN cell. After receiving the subframe 0 of HS-PDSCH, LPN UE will estimate the CQI value for subframe 0 before transmitting it along with the HS-DPCCH. To simplify our discussion, we assume that UE can estimate the corresponding CQI as soon as possible. When the CQI arrives at the corresponding LPN, LPN Node B will decode the CQI and use this CQI as soon as possible. We assume that the CQI propagation delay plus the CQI processing duration at LPN Node B is the parameter CQI_OFFSET (slots) in Figure 6. Therefore, it is obvious that the CQI value for subframe 0 will be actually used at the subframe 4 (filled with dots) in this illustration. Although the use of CQI is not in time in this case, considering that the macro Node B muting is not implemented which implies that the CQI variation is not significant, the effect of this CQI reporting issue is acceptable.
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Figure 6: CQI reporting when macro Node B muting is not implemented
When the macro Node B muting is applied and take Figure 4 as the muting example, the timeline for the CQI reporting will follow as Figure 7. When the CQI value for subframe 0 is used at subframe 4, the problem will arise. Since macro Node B mutes itself at subframe 4, the CQI value (filled with blue) for subframe 0 of LPN cell (in the blue box) will be remarkably lower than that at subframe 4 (in the red box), which implies that the actual CQI at subframe 4 will significantly greater than that at subframe 0. Therefore, if applying the blue CQI at subframe 4, we will underestimate the CQI condition, which leads to the inefficient resource utilization. 
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Figure 7: CQI reporting underestimation issue when macro Node B muting is applied

When the macro Node B muting is applied and take Figure 5 as the other muting example, the timeline for the CQI reporting will follow as Figure 8. Since macro Node B mutes itself at subframe 0, the CQI value (filled with blue) for subframe 0 of LPN cell (in the red box) will be remarkably greater than that at subframe 4 (in the blue box), which implies that the actual CQI at subframe 4 will significantly worse than that at subframe 0. Therefore, if applying the blue CQI at subframe 4, we will overestimate the CQI condition, which may lead to the transmission failure.
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Figure 8: CQI reporting overestimation issue when macro Node B muting is applied

Based on the above analysis, we conclude that necessary mechanism should be introduced to avoid the issue that the LPN Node B may use the improper CQI for transmitting.
3.4
Other related issues

In addition to the issues discussed above, some other related problems [3] in the macro Node B muting should also be further considered.
· Overhead channel interference. During the muting subframes, macro Node B will still transmit some overhead channels such as CPICH, P-CCPCH and etc. These overhead channels will still cause the interference to the LUEs especially to the LUEs at the edge of LPN cell when RE is deployed in the system. In this situation, type 3/type 3i receiver at LUEs may not achieve an acceptable performance as well. Therefore, more advanced receiver is much preferred to enhance the performance.
· Estimation accuracy of CQI at legacy UE. With macro Node B muting, the interference level at some legacy UEs served by the LPN may experience the drastic fluctuation of CQI, which brings the challenge for these legacy UEs to estimate the CQI timely and accurately.
· Performance degradation at macro Node B. While macro Node B muting improves the performance of LPN cells, it will reduce the resource utilization in the macro cells, which inevitably decreases the experience of macro UEs. What seems reasonable in this case is to evaluate the pros and cons and give an appropriate tradeoff in both the macro and LPN sides.
4 Conclusions

In this contribution, we have analysed some interference issues in HSPA heterogeneous network. In addition, we also initially discussed some potential solutions to deal with the interferences and try to improve the system performance. Furthermore, some related issues, such as the synchronization, CQI reporting and etc, are investigated in our discussions. 
Proposal:
RAN1 to investigate the macro NodeB muting scheme for the study on UMTS Heterogeneous Networks.
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