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1. Introduction
Interference resulted from increased system capacity degrades voice quality in wireless network. In legacy GSM network, only one voice user is allocated to one timeslot at a certain time, suffering CCI and ACI from neighboring cells. SAIC (single antenna interference cancellation) algorithm is designed to mitigate such interferences. SAIC is more effective for GSMK modulated CCIs. 
In VAMOS network, the following interferences bring new challenges to SAIC algorithm: 

1) Strong CCI from paired/multiplexed user
2) High-powered A-QPSK modulated CCI and ACI from neighboring cells
These interferences further degrades link level performance and thus limits the system capacity gain. Simulation results show that although VAMOS system is compatible for legacy SAIC and non-SAIC terminals, its link level performance has a 6~9dB loss compared to reference under SCPIR = 0dB and will be more for weak user if power allocation and control mechanism is on. This may further decrease system capacity for certain voice codec (eg. HR, AFS12.2kbps) in a tigher frequency reuse scenario [1].
Considering that VAMOS I terminal will be still SAIC with recogonition of new TSCs and VAMOS II terminal may take years to come and earn a large market penetration, the deployment scenarios for operators would be limited if they want to maintain the voice quality as much as possible. The contribution proposes a coordinated radio resource management method among co-channel neighboring cells by minimizing the A-QPSK interferences among VAMOS users of neighbouring cells.

2. Discussion
Principles of coordinated RRM
The contribution proposes a coordinated radio resource management method among target cell and its co-channel neighboring cells.By setting up the corresponding relationship between target cell and its co-channel neighboring cells, BSC will track the resources on the air interface (in frequency and slot) already allocated to VAMOS paired users in the CC neighboring cells and upon which carry out RRM for users in the target cell according to the principles below. The A interface will also be impacted if coordinated cells span more than one BSC. 

1) In target cell, to avoid allocating users or choose to allocate stand-alone user with robust voice codec and low uplink transmission power on the resources (frequency, slot) which in the CC neighboring cells have been allocated to VAMOS paired users. 
· For example, if the robustness of voice codes is AMR-FR>EFR>AMR-HR≈FR>HR, then AMR-FR users in cell center shall be chosen.
2) In target cell, to allocate VAMOS paired users on the resources (frequency, slot) which in the CC neighboring cells have NOT been allocated to VAMOS paired users.
When CC neighboring cell allocates a VAMOS pair to a specific time slot, normally it needs more transmission power than stand-alone user case on this TS in spite of power control mechanism causing relatively strong A-QPSK modulated interference to target cell. This is especially true when the network wants to hold the VAMOS pair for a longer time to avoid frequent pair/unpair action or to increase the pairing possibility.Considering the poor capability of SAIC terminals to combat interferences of other than GMSK modulated, the above principles are suggested to lower the performance impact to target cell.
On the other hand, VAMOS paired users in CC neighboring cells are also bearing CCI from target cell. By making it Null or GMSK as possible, VAMOS paired users could cancel it effectively using SAIC algorithms and thus achieve a better link performance.The link performance of VAMOS paired users with QPSK modulated interference is of 2~5dB loss compared with that with GMSK modulated interference[1].
Alternative Solutions to implement a coordinated RRM
As discussed in section 2.1, BSC shall configure a mapping between target VAMOS cells and its CC neighboring cells. There may be several layers of CC neighboring cells to one target cell the number of which configured in the mapping depends on the number of that invloved in the coordinated RRM process and the processing capability of BSC. The following figure is an illustration of how BSC configures the mapping from actual network deployment where a 1/3 frequency reuse is assumed.CC cells are same colored and numbered with cell-ID in the middle. 
	Target cell
	CC neighboring cells(1st layer)
	CC neighboring cells(nth layer)

	Cell_1
	Cell_8,Cell_9,Cell_10,Cell_11,Cell_12,Cell13 
	…… 

	Cell_2
	Cell_4,Cell_6,Cell_15,Cell_17… 
	…… 

	Cell_3
	Cell_5,Cell_7,Cell_14,Cell_16.
	……

	……
	…… 
	…… 
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Figure 1. Illustration of mapping table (target cell and its CC neighboring cells) in BSC
Two possible ways could be considered as implementation of coordinated RRM: a semi-static configuration way or a dynamic tracing way. 
2.2.1 semi-static configuration
To avoid the colllision of VAMOS paired users in CC cells (including target cell and its CC neighboring cells), the most direct way is to configure in BSC a preferred VAMOS resource pool for each cell which is segregated from each other (see the illustration below) by OMC equipments.BSC shall allocate firstly preferred reource to paired or stand-alone users, and then to the rest resources. On the preferred VAMOS resource, VAMOS pairs take precedence over stand-alone users, robust users have lower priority.
The re-configuration of preferred resource may happen on a week or month basis according to cell load changes observed.
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Figure 2. Illustration of coordinated RRM in BSC by semi-static configuration of preferred VAMOS resource pool
2.2.2 Dynamic tracing 
If not configured beforehand, the preferred VAMOS resource pool in the target cell could be decided when BSC has managed to obtain all the currently VAMOS pair-occupied resources in each CC neighboring cells and substract them from the total resource target cell has.BSC may maintain for each target cell a table (see the figure below) which records all the currently VAMOS pair-occupied resources in target cell and its CC neighboring cells, and update it periodically (using a timer) or when triggered by events (eg. Initial access, pairing, unpairing).The rest resources are regarded as preferred VAMOS resource pool. In target cell, BSC shall allocate firstly preferred reource to paired or stand-alone users, and then the rest resources. Again, on this pool, VAMOS pairs take precedence over stand-alone users, robust users have lower priority.
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Figure 3. Illustration of coordinated RRM in BSC by dynamic tracing
It can be easily seen that dynamic tracing method can quickly follow the cell load changes and adjust RRM accordingly, thus is more flexible than semi-static configuration. However, in the trial or initial deployment phase of VAMOS network when there are few users to be paired, the semi-static configuration method could also be used to avoid abrupt drop of network quality.
Under the above scheme, if target cell and its CC neighboring cells are inter-BSC configured(which could easily happen considering that there are over 120 BSCs in a medium sized city of China), new messages on A interface shall be needed for BSC to obtain the currently VAMOS pair-occupied resources from neighboring BSCs. In this case, the mapping table in section 2.2 shall be modified to:
	Target cell
	CC neighboring cells
(1st layer)
	CC neighboring cells
(nth layer)

	Cell_1
	Cell_8
	Cell_9
	Cell_10
	Cell_11
	Cell_12
	Cell_13
	……

	BSC_1
	BSC_1
	BSC_1
	BSC_1
	BSC_1
	BSC_2
	BSC_3
	……


Table 1． Mapping table in BSC when coordinated cells are inter-BSC configuredTableighboring cells(1sttion 2.2 shall be modified to:

 cells are inter-BSC configured, ration method



























Where cell 12 and cell 13 are assumed to belong to BSC 2 and BSC 3 seperately.
When it’s time for target cell 1 to update its record of currently VAMOS pair-occupied resources in CC neighboring cells, BSC 1 is supposed to update the status of internal cells(cell 8~cell 11), meanwhile send a Request Message to BSC 2 and BSC 3 seperately in order to obtain resource status in cell 12 and cell 13.Upon receiving the request, BSC 2 and BSC 3 will collect the currently VAMOS pair-occupied resources in the cells BSC 1 requested, and send back to BSC 1 in a Response Message. BSC 1 read the response and complete update for target cell 1.
Impacts to A interface
Since there is no interface connecting BSCs directly [2], A interface would be used to transmit the request and response messages discussed in section 2.2.2.Similar to the Handover related messages, MSC will only read the target BSC ID and transfer the whole message over to the target BSC. The following figure is an illustration of the process.
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Figure 3. Illustration of messages transferring between BSCs across MSC
The Request message may include the following IEs: message type, source BSC ID, target BSC ID and requested cell IDs.The Response message may include: message type, source BSC ID, target BSC ID, requested cell ID and its corresponding resource status.
3. Conclusion
Proposal 1: It is proposed to use a coordinated radio resource management method among co-channel neighboring cells in BSC, the possible ways include semi-static configuration and dynamic tracing. This does not preclude any other ways of implementation in BSC under the principle of coordinated RRM. 
Proposal 2: to inlude in A interface the new message types and their corresponding descriptions.
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