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1.
Introduction

The requirement to prevent degradation of the performance of UEs receiving service from macro NBs when the HNBs are deployed on the same channel as the macro network has been agreed in SA1 [1].

· Deployment of HNB/HeNBs and NB/eNBs on the same spectrum should not degrade the performance of UEs receiving service from NB/eNBs.

To avoid the macro UE performance degradation, currently RAN4 has studied on the interference from DL HNB to macro UE (Interference scenario 2) [2]. This study focuses on Layer1 radio link level solution.
There may be cases where a MUE is in close proximity of a CSG HNB cell or MUE breaks into the CSG HNB cell, and MUE may experience interference from CSG HNB. In such scenarios, it is desirable to maintain idle mode and connected mode service that the macro UE is receiving from macro network [3]. This paper discusses the improvement where Layer 1 cannot solely resolve and proposes enhanced HNB interference coordination functions based on network control, in order not to degrade the MUE performance.
2. Discussion
As described in TR25.967 [2], the deployment configuration C (CSG HNB is deployed on the same channel as the macro network) is considered the worst case interference scenario. Concretely, downlink interference from HNB will result in macro coverage holes. Following mechanism is considered to reduce the impact on the macro coverage on the CSG HNB co-channel deployment:
· control of HNB behaviour with respect to setting its maximum transmit power

To avoid the MUE performance degradation, RAN4 has investigated on the interference from DL HNB to MUE (Interference scenario 2) [2], and has proposed to control HNB power depending on the strength of signal from the macro cells and from other HNB cells. As a result, RF measurement at HNB (deployed point) is used for controlling its HNB transmission power.
The cases where a MUE is in close proximity of a CSG HNB cell or a MUE breaks into a CSG HNB cell, if HNB optimizes its Tx power based on RF measurement automatically each time, then accurate and dynamic interference coordination for MUE is realized.
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Figure 2.1: The solution based on RF measurement for MUE interference coordination
However except for equipping more than two RF inside the HNB, HNB cannot help stopping its radio wave for searching neighbour cells when HNB carry out the RF measurement. As a result, the HNB's out of service time shall happen, causing the HNB UEs being unable to use services receiving from its HNB. So it might be  difficult to use RF measurement frequently.
It is clear that optimizing the HNB Tx power based on RF measurement is essential for deploying HNBs. However we think it is useful to discuss also the additional solution of network architecture viewpoint except for adding new function on the UE or RRC protocol to realize more accurate and dynamic interference mitigation allowing HNB UEs to maintain connectivity to HNB.
To achieve above, we think it is needed to support not only optimizing the HNB Tx power based on RF measurement of its deploying point, but also utilizing AS and NAS procedures as well for enhancing interference coordination. For example utilizing the signalling procedures of macro UEs which exist nearby the CSG cell might be useful.
Use cases:
· In idle mode
Utilizing the ROUTING AREA UPDATE procedure to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation as shown in Figure 2.2.

· In connected mode
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Utilizing the CELL UPDATE procedure (cause: RL failure) to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation. Also in connected mode, utilizing the inbound handover procedure could be useful, but we also understand the inbound handover procedure is FFS including how to find the target HNB cell-ID.
Figure 2.2: Utilizing the signalling procedures in idle mode (for non CSG capable UE)
3. Solutions

The performance of MUE nearby the CSG HNB is analysed for co-channel deployment case. The system model is also simplified (compared to a real situation) as shown in Figure 2.3, which consists of one MNB, one HNB(no HUE) and one MNB nearby the HNB. We assume the pathloss from the MUE or HNB to the MNB are all equal to PL_MNB, i.e., X=PL_MNB. MUE is placed at PL_HNB from the HNB, i.e., Y=PL_HNB.
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Figure 2.3: The system model
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Figure 2.4: MUE approaching HNB scenario: MUE Ec/No (x=100dB)
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Figure 2.5: MUE approaching HNB scenario: MUE Ec/No (x=120dB)
In the analysis, the Y=PL_HNB is varied and the corresponding MUE CPICH Ec/No is calculated and measured for different values of HNB CPICH power(5dBm/-3dBm/-10dBm). For the X=PL_MNB=100dB and 120dB cases, the results are shown in Figure2.4 and 2.5. It is observed that the value of MUE CPICH Ec/No becomes declining as MUE approaches HNB. Moreover the X=PL_MNB is also related to the declining tendency of MUE CPICH Ec/No (the value of X=PL_MNB is bigger and the the declining tendency of MUE CPICH Ec/No is stronger). These results are as same as those of TR25.967. Based on these results, it is essential to optimize the value of HNB CPICH power according to the value of X=PL_MNB to maintain the MUE performance.
ex. Set the HNB CPICH power to 5dBm on Firure2.4 case and set the HNB CPICH power to -3dBm(less than 5dBm) on Firure2.5 case to consider the interference to MUE from DL HNB
However from the operator’s perspective, it is needed to realize the enhanced interference coordination to MUE according to each MUE’s behaivior.
ex. It is needed the additional considerations when your friends who are unauthorized users visit your house. (=unauthorized macro UEs may come in your CSG HNB cell)
The methods of enhanced interference coordination to MUE according to each MUE’s behavior are shown as follows. Moreover the assumed effect of each solution is shown. The condition is focused on MUE idle mode case without setting HNB’s PSC in the neighbour cells list of MNB, and the trigger of network control assumes utilizing the ROUTING AREA UPDATE procedure to HNB from MUE.
· <Solution1> Avoiding the interference to MUE from HNB
1. Drive out the MUE to another carrier*
2. Halt the HNB CPICH power temporarily (only no HUEs existing on the HNB)
*Even in the case of driving out the MUE to another carrier, the MUE approaching HNB may suffer interference from neighbor carriers as described in TR25.967.
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Figure 2.6: The assumed effect of the solutions avoiding the interference to MUE from HNB
(Setting -3dBm for HNB CPICH power)
· <Solution2> Relieving the interference to MUE from HNB
1. Reduce the HNB CPICH power temporarily according to the MUE approaching the HNB (only no HUEs existing on the HNB)
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Figure 2.7: The assumed effect of the solutions relieving the interference to MUE from HNB
(Setting -3dBm for HNB CPICH power at first)
4. Text Proposal

If RAN4 can agree on the necessity of the enhanced HNB interference coordination solutions based on network control, it is then proposed to add the following text to TR25.967 to clarify its necessity. Because the following descriptions are needed for starting the HNB interference coordination study in RAN WG3.
********************** START OF CHANGE *****************************
5.2.3. Interference scenario 2 DL HNB  ( Macro UE

In a CSG, downlink interference from an HNB will result in coverage holes in the macro network.  In co-channel deployment the coverage holes are considerably more significant than when the HNB is deployed on a separate carrier.  Several mechanisms are considered to reduce the impact on the macro coverage:

· fixed HNB transmit power.  (this is only applicable to dedicated channel deployment)

· control of HNB behaviour with respect to setting or changing dynamically its maximum transmit power

· control of macro UE for driving it out to another carrier. (this is only applicable to the areas deploying overlay carriers)
· open access systems.
********************** END OF CHANGE *****************************

********************** START OF CHANGE *****************************

7.2.1.4 Control of HNB power or macro UE based on network control
When the HNBs are deployed on the same channel as the macro network, macro UEs may easily be in close proximity of a CSG HNB cell or a macro UEs may break into a CSG HNB cell. It means there is high possibility that macro UEs suffer interference from DL HNB. To resolve this concern, controlling DL HNB or macro UE dynamically is effective for enhanced interference coordination.
The solutions controlling HNB transmission power dynamically according to the macro UE behavior are follows;
i. To relieve the interference to macro UE from HNB, it is useful to reduce the HNB CPICH power temporarily according to the macro UE approaches the HNB (this is only applicable to no HUEs existing on the HNB)
ii. To avoid the interference to macro UE from HNB, it is useful to halt the HNB CPICH power temporarily (this is only applicable to no HUEs existing on the HNB)
The solution controlling macro UE dynamically according to the macro UE behavior is follow;
i. To avoid the interference to macro UE from HNB, the macro UE is driven out to another carrier by the network. (this is only applicable to the areas deploying overlay carriers)
Each solution may need trigger from macro UEs, and the triggers utilizing AS and NAS procedures are assumed as follows;

· In idle mode
Utilizing the ROUTING AREA UPDATE procedure to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation.

· In connected mode
Utilizing the CELL UPDATE procedure (cause: RL failure) to HNB from unauthorized macro UEs may be useful for more accurate and dynamic interference mitigation. Also in connected mode, utilizing the inbound handover procedure could be useful, but we also understand the inbound handover procedure is FFS including how to find the target HNB cell-ID.
********************** END OF CHANGE *****************************
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