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Coordinated Channel Allocation for VAMOS
1 Introduction

At GERAN#50 it was agreed to create a study item named “ENHVAMOS” [1], aiming to investigate possible call quality improvements in VAMOS networks by optimizing RRM mechanisms. Gains were expected especially in synchronized networks.

In [2] it has been proposed to share channel allocation and VAMOS pairing information between interfering cells (i.e. cells that share at least one ARFCN) so as to minimize the total number of AQPSK modulated interferers that need to be cancelled by the MS. This was believed to be advantageous especially at the early deployment stage of VAMOS when the penetration of DARP Phase I mobiles is relatively high, as DARP Phase I receivers are less efficient in combating AQPSK modulated interferers as compared to GMSK modulated interferers.
The above mentioned proposal is a very good starting point for ENHVAMOS. However, there are also rooms for improvements. For instance, a large amount of AQPSK modulated interferers does not necessarily contribute too much to the degradation of speech quality if the strengths of such interferers are all very low, whilst a single GMSK modulated interferer may significantly impact the speech quality if its strength is sufficiently high. Another problem is that frequency hopping has not been considered when discussing radio resource allocation.
This document extends the idea in [2] in that a rough C/I is estimated for every traffic channel taking into consideration interference characteristics (e.g. modulation type), and the resulting C/I ranking forms the basis of traffic channel allocation. The collection of interferers is done through inter-cell information exchange.
2 Concept Description
In a synchronized GSM network where timeslots are aligned, interferers to a given traffic channel are limited to those sharing the same timeslot number. So if the channel occupancy information in all interfering cells is known by the BSC, it will be possible for the BSC to enumerate all interferers. Further if additional information like transmission power of each interferer and relating pathloss can also be obtained or estimated, the BSC will be able to derive the C/I of that traffic channel. The estimated C/I reflects the quality of a traffic channel, so it is very useful to the RRM, especially the channel allocation algorithms.

When a traffic channel needs to be assigned as the result of call setup or handover, a “required C/I” is first determined based on factors like the mobile station’s capability (e.g. whether it supports DARP Phase I) and the chosen voice codec etc. The C/I of each idle traffic channel is then evaluated and a decision is made to choose a suitable traffic channel among those satisfying the ‘required C/I”.

It should be noted that the C/I estimation should take into consideration whether the corresponding idle traffic channel, once allocated, will be in VAMOS mode or non-VAMOS mode.

As the interferers to a given traffic channel may come from cells managed by different BSCs, for the above idea to work it is required for BSCs to exchange information, like TRX and timeslot configurations and channel occupancy etc, in neighbouring cells belonging to each other.
The C/I estimation applies to both downlink and uplink, and is for users both in VAMOS mode and non-VAMOS mode.

3 Frequency Hopping
Frame-based synchronization (i.e. the TDMA frame number, FN, of each cell may not be aligned) is assumed. As FN is an input parameter in hopping sequence generation, it is required for the BSC to know the FNOFFSET between any two cells having overlapping MAs.

With random frequency hopping (HSN≠0), the interfering relationship between two hopping sequences “randomly” changes at TDMA frame level, whereas with cyclic frequency hopping (HSN=0), the interfering relationship is deterministic. To ease the interference estimation effort it is assumed here that cyclic frequency hopping is always used.
For example if the serving cell and the interfering cell share the same MA, and there is a traffic channel using MAIO1 in the serving cell and another traffic channel using MAIO2 in the interfering cell, and if the equation
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holds, then the interference type is CCI.

When evaluating the C/I of an idle traffic channel, the BSC traverses all possible MAs and MAIOs configured for the corresponding TRX and calculate the C/I for each (MA, MAIO) combination. This is also done for all other idle traffic channels and finally the most suitable (TRX, TSL, MA, MAIO) combination is identified in terms of C/I.
4 Estimation of Pathloss
The pathloss from one cell to another can be roughly estimated by reusing the neighbor cell measurement results which have been widely employed for handover and power control purposes in today’s BSCs. Figure 1 illustrates the downlink case, where the mobile station in dedicated mode reports the RXLEV of neighbor cell B to the base station, so the BSC can derive a pathloss sample from cell B to cell A by
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where BsPwr_B is the transmission power of the BCCH TRX in cell B.
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Figure 1   Pathloss estimation by means of neighbor cell measurements

The BSC maintains a pathloss database where for a given cell the pathloss from any interfering cell is stored and can be retrieved whenever needed.

The reported RXLEV for cell B may vary to some extent in different MR samples. The BSC may store a filtered (e.g. running average of) pathloss in the pathloss database.

It should be noted that the BA list in dedicated mode are normally configured for handover purpose, so chances are it does not cover any of the interfering cells. To allow sampling the RXLEV of interfering cells, the BSC should take these cells into consideration when generating the dedicated mode BA list.

With normal measurement reports the number of reported RXLEVs is 6, which may not be sufficiently large to include those of interfering cells of interest. But this is not believed to be a big problem, as the pathloss database stores long-term estimates of pathlosses between interfering cells, so it does not require having relevant RXLEV samples in every MR sample.

If there exists mobile stations that support EMR, more cells can be reported by such mobiles, thus it is easier for the BSC to build up the pathloss database.
5 Estimation of C/I
The “C/I” of an idle traffic channel here is the C/I of that channel assuming it has been assigned to a mobile station. The BSC knows exactly the initial power that will be assigned to that channel so there is a “C” even for an idle traffic channel. (Note that this is not the C/I as perceived by the mobile station)
The interference strength is obtained by subtracting the transmission power of the interferer and the estimated pathloss from the interfering cell to the serving cell. The “I” is then calculated by applying the relating attenuation factor to each interferer (assuming for instance GMSK CCI as the reference) before taking the sum.
When a VAMOS pair acts as an interference source, in downlink it can be modeled as one interferer with the modulation type set to AQPSK, and in uplink it can be viewed as comprising two separate GMSK modulated interferers.

6 Channel Allocation
The selection of a radio channel for TCH assignment is based on the CIR estimation for both downlink and uplink.

7 Inter-BSC Information Exchange
As mentioned above, to allow accurate estimation of C/I, two BSCs managing mutually interfering cells need to exchange cell configuration and call information of the affected cells.
Cell configuration information should include e.g. the transmission power of all active timeslots, the MA configuration, and TRX and timeslot configuration etc.

The information for each ongoing call should include e.g. the MA, MAIO, speech codec, and the MS capability etc.
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