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1 Introduction

In the last RAN4 #AdHoc1 meeting, several interference control mechanisms for LTE FDD Home eNB (HeNB) have been discussed and technically endorsed. Since these interference control mechanisms are also suitable for LTE TDD Home eNB, this contribution proposes to also add these contents to LTE TDD HeNB technical report [1].
2 Text proposal
7 Interference Control
7.1 HeNB Measurements

Several types of measurements that HeNB can perform are listed in the following subsections. The objectives of the HeNB measurements are

-
to provide sufficient information to the HeNB for the purpose of interference mitigation

-
to provide sufficient information to the HeNB such that the HeNB coverage can be maintained.

According to the measurement type, some of these measurements can be collected through Connected Mode UEs attached to the HeNB or via a DL Receiver function within the HeNB itself. Such DL receiver function is also called Network Listen Mode (NLM), Radio Environment Measurement (REM) or “HeNB Sniffer”.
These measurements can also be used during the HeNB self-configuration process.
7.1.1 Measurements from all cells

This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements in Table 7.1.1-1, the HeNB can obtain useful information from its surrounding cells for purposes such as interference management.

Table 7.1.1-1: HeNB measurements from surrounding cells

	Measurement Type
	Purpose
	Measurement Source(s)

	Received Interference Power
	Calculation of UL interference towards HeNB (from MUE)
	HeNB UL Receiver


HeNB could use the Received Interference Power measurement to monitor the uplink interference. For example, a Received Interference Power measurement value larger than a pre-defined threshold would mean that at least an MUE which is interfered by a HeNB is close to the HeNB and that the MUE’s Tx power would cause significant interference towards the HeNB. This measurement value may be used in calculating path loss between the HeNB and the MUE assuming that a single MUE dominates the interference. It is also preferable for the HeNB to distinguish between UL interference from the MUE and wanted signals from HUEs to improve the accuracy of interference measurement.
7.1.2 Measurements to identify surrounding cell layers

This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements in Table 7.1.2-1, the HeNB can obtain useful information to identify the layer of its surrounding cells and indirectly identifies other HeNBs nearby for purposes such as mobility handling.

Table 7.1.2-1: HeNB measurements from surrounding cells

	Measurement Type
	Purpose
	Measurement Source(s)

	Cell reselection priority information
	Distinction between cell types based on frequency layer priority
	HeNB DL Receiver

	CSG status and ID
	Distinction between cell layers based on CSG, and self-construction of neighbour list, 
	HeNB DL Receiver


7.1.3 Measurements from macro cell layer

This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements in Table 7.1.3-1, the HeNB can obtain useful information from its surrounding macro cells for purposes such as interference management.
Table 7.1.3-1: HeNB measurements from surrounding macro cells
	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel RSRP
	Calculation of co-channel DL interference towards macro UEs (from HeNB)

Calculation of co-channel UL interference towards macro layer (from HUEs)

Calculation of co-channel UL interference towards HeNB (from MUEs) based on estimated MUE Tx power

Determine coverage of macro cell (for optimization of hybrid cell configuration)
	HeNB DL Receiver

HUE

MUE (in case of hybrid cell)

	Co-channel RSRQ
	Determine quality of macro cell (for optimization of hybrid cell configuration)
	HeNB DL Receiver

HUE

MUE (in case of hybrid cell)

	Reference Signal Transmission Power
	Estimation of path loss from HUE to MeNB
	HeNB DL Receiver

	Physical + Global Cell ID
	Allow HeNB to Instruct UEs to measure specific cells. 

Allow UE to report discovered cells to HeNB.
	HeNB DL Receiver

HUE




7.1.4 Measurements of other HeNB cells
This section identifies the potential measurements performed by HeNB during self-configuration and normal operation. Based on the measurements in Table 7.1.4-1, the HeNB can obtain useful information from its adjacent HeNBs for purposes such as interference management.
Table 7.1.4-1: HeNB measurements from adjacent HeNBs

	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel RSRP
	Calculation of co-channel DL interference towards neighbour HUEs (from HeNB) 

Calculation of co-channel UL interference towards neighbour HeNBs (from HUEs)
	HeNB DL Receiver

HUE

	Reference Signal Transmission Power
	Estimation of path loss from HUE to HeNB
	HeNB DL Receiver

	Physical + Global Cell ID
	Allow HeNB to Instruct UEs to measure specific cells

Allow UE to report discovered cells to HeNB.
	HeNB DL Receiver

HUE




7.2 Uplink Interference Control

7.2.1 Control Channel Protection

7.2.1.1 HeNB Uplink Control Channel Protection

7.2.1.2 Signaling offset over the backhaul
7.2.X
Smart Power Control based on Path Loss to Worst Victim Macro eNodeB

7.2.X.1
Power Cap Method

7.2.X.2
Power Control based on PL from HUE to its serving HeNB and PL from HUE to its worst victim MeNB

7.2.X.3
For Future Releases

7.3 Downlink Interference Control
7.3.1 Control Channel Protection

7.3.1.1 Control of HeNB downlink interference towards macro eNB control channels by frequency partitioning with per-subband interference estimation
7.3.1.2 Control of HeNB downlink interference among neighboring HeNBs control channels by frequency partitioning
7.3.2 Data Channel Protection

7.3.2.1 Control of HeNB Downlink Interference towards macro eNB data channels by frequency partition

7.3.2.2 Control of HeNB Downlink Interference among neighboring HeNBs by frequency partition
7.3.2.3
Adaptive Frequency Selection

To minimize the mutual interference between HeNB and surrounding cells, RSRP measurements and cell re-selection priority information in SIBs or RRC message from neighbour cells could be utilized for HeNB to adaptively select its operating carrier frequency [2, 3].

The original purpose of cell-reselection priority information is for UE to properly select its camping cell based on the frequency layer priority of each carrier. For interference avoidance, this information can be utilized by HeNB to appropriately select its operating frequency by decoding SIBs or RRC message from its neighbour cells during normal operation or in self-configuration mode. At the same time, HeNB should also measure co-channel or adjacent channel RSRP of the neighbour cells to make a proper selection. Furthermore, if the priority information of the neighbour cells is changed at a certain time after the HeNB has already started up, the HeNB should periodically update the priority information, measure the RSRP and adjust its operating frequency (if necessary).

Figure 7.3.2.3-1 below depicts a scenario where the HeNB is overlaid by both higher and lower priority frequency layers as shown for HeNB cell 1, and another scenario where the HeNB is overlaid by only one frequency layer as shown for HeNB cell 2.

For HeNB cell 1, when the measured RSRP of both higher and lower priority frequency layers exceed a predefined set of thresholds which implies that it is overlaid by more than one frequency layers, the HeNB should select its operating frequency that is being used by the cell that has the lower priority for interference mitigation. As illustrated in Figure 7.3.2.3-1, the HeNB cell 1 should select RF1 which is the lower priority carrier frequency. On the other hand, if the HeNB is overlaid by only one priority carrier frequency as shown for HeNB cell 2 in Figure 7.3.2.3-1, the HeNB should select a carrier frequency that corresponds to the smaller measured RSRP. For example, the HeNB cell 2 in Fig.1 should select RF2 which has smaller RSRP.
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Figure 7.3.2.3-1
Examples of adaptive frequency selection scheme

The adaptive frequency selection scheme is applied most effectively to HeNBs in non-allowed CSG mode for avoiding the interference. In the case when the HeNB is operating in an open or hybrid access mode, it may also apply the scheme for interference avoidance. 
7.3.2.4 Downlink interference management based on mapping between PCIs and transmission patterns
Interference Management based on mapping between PCIs and transmission patterns requires a centralized coordinator. The centralized coordinator generates a number of transmission patterns and a function which maps transmission patterns to PCIs, and then sends to all cells the information of transmission patterns and the mapping function. The essentials of this scheme are as follows:

· When powered on, a HeNB will listen to neighboring cell transmissions, determine the Cell ID of these neighboring HeNBs, and report them to the centralized coordinator. 
· The centralized coordinator can form an adjacency graph of all HeNBs based on the reports from each HeNB as well as its UEs.

· Given the adjacency graph, the centralized coordinator determines the followings semi-statically: 

· a set of transmission patterns; A pattern shows a profile of maximum Tx power for each PRB or group of PRBs

· a function which maps transmission patterns to PCIs

· The centralized coordinator notifies to HeNBs and MeNBs of the followings via S1 signaling.

· the set of transmission patterns

· the function which maps transmission patterns to PCIs

· This notification makes it possible that all cells share the information of the transmission patterns and the mapping between the patterns and PCIs.

· HeNB should use PRBs according to the transmission pattern corresponding to its PCI.

Downlink interference management can be done as follows:

If a UE connected to a serving (H)eNB is close to a neighbouring HeNB, the downlink of the UE can be severely degraded due to high interference from the neighbouring HeNB. The serving (H)eNB can be macro eNB or HeNB. The UE detects the PCI and measures the RSRP of the neighbouring HeNB, and reports these to the serving (H)eNB. Because of the sharing of the information of the transmission patterns and the mapping between these patterns and PCI, the serving (H)eNB knows the transmission pattern of the neighbouring HeNB that the UE is close to. This makes it possible for the serving (H)eNB to allocate downlink resource such that the UE is not severely interfered by the neighbouring HeNB on its downlink.
7.3.2.5 Control of HeNB Downlink Interference by dynamically changing HeNB CSG ID

To mitigate HeNB interference as well as to prevent free HeNB usage by neighbors, one option is to change the CSG ID of a closed access HeNB dynamically between 

· Its default CSG ID which is assigned when it is deployed and

· A dedicated CSG ID which is configured by the operator. 

This dedicated CSG ID is included in the Operator CSG list [2] for every UE in the operator network. When the closed access HeNB changes its CSG ID to the dedicated CSG ID, it actually becomes accessible to each passing-by UE, thus alleviating its interference towards the macro cell.  Note that this scheme would only be beneficial when a large fraction of UEs support CSG.

By dynamically changing the CSG IDs of closed access HeNBs in a coordinated manner, it might be possible to ensure that the number of closed access HeNBs using default CSG IDs under each macro cell does not go beyond a pre-defined upper bound at any time instant. 

· A centralized controller (e.g. HeNB Gateway or HeNB management server) can set the upper bound, and configures, for each HeNB, the time intervals it supports the default CSG ID and the dedicated CSG ID, respectively. Then each HeNB dynamically varies its CSG ID based on the configuration parameters provided by the centralized controller. 
· Different macro cells may have different or common upper bounds. 

· Whenever a HeNB is deployed, the centralized controller can determine its adjacent macro cell based on its location and configure the time intervals it will employ the default CSG ID and the dedicated CSG ID, respectively. 

· The mechanisms of when and how to select a set of HeNBs is FFS. It may be possible to carefully arrange time intervals to employ default CSG IDs for different HeNBs to ensure that the number of closed access HeNBs using default CSG IDs under every macro cell can be upper limited at any time instant.   

· E.g. some HeNBs may use default CSG IDs the first 30 minutes of every hour, but others may not; alternatively, some HeNBs may use default CSG IDs 9AM-11PM everyday, but others may do. 
· The upper bound can be determined by 

· Simulation/numerical analysis 
· HeNB subscription profile 

· E.g. make HeNBs “less open” if the subscription rate is high and the subscribers desire to do so.

· Macro cell load
· E.g. make HeNBs “more open” when macro cell is heavy loaded, and “less open” when macro cell is lightly loaded.
· Further study of this proposals and comparison to alternatives (e.g. hybrid cells) may be needed. In particular, the UE and core network impact of dynamically changing the CSG ID is for further study by the relevant working groups.
7.3.3 Power Control
7.4 HeNB Self-configuration
7.4.X Information Exchange between eNBs and HeNBs

…
Option2.  Over-the-air information, (H)eNB to HeNB via UE

For the DL: a victim UE forwards interference coordination related information from its serving (H)eNB to the aggressor HeNB.
For the UL: An aggressor UE forwards interference coordination related information from the victim (H)eNB to its serving (H)eNB.
Potential benefits of this approach:

· The downlink would not need to be interrupted to receive information over the air.
· Lower latency compared to backhaul solutions (i.e. Option3 and 4) (higher latency relative to Option 1). 
· Predictable timeline (independent of backhaul conditions), can be used for coordinated scheduling/transmission.

· Different information can be sent to different HeNBs
Potential drawbacks to this approach:

· Rel8 UEs can’t be used to relay the messages.

· Requires changes to (H)eNB implementation

· Can increase the number of UEs that need to be handled by the HeNB.
7.5 Control of HeNB Converage
7.6 Hybrid Cells
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