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MCDL – Network Case Studies
1 Introduction
The Multi-carrier Downlink, MCDL, feature was presented and discussed at GERAN#54, see [1]. In short, the feature enables the allocation of multiple carriers ((2) to a MS in the downlink, while not putting additional requirements on the MS HW to support the feature, in contrast to the Downlink Dual Carrier feature.
To support the feature, a wideband MS receiver that envelope multiple carriers is assumed. 

The limit in bandwidth of the wideband receiver might put restrictions on the number of carriers possible to schedule the MS, depending on the MA.
This paper analyses the applicability of the feature in three current network deployments in terms of the number of carriers that can be allocated to the MS, and how to choose the carriers to receive.
2 Bandwidth limitation
Due to the limited bandwidth of a wideband MS receiver, and that the bandwidth might not be able to envelope all carriers assigned to it, some functionality of the MCDL feature is needed in the network and MS to determine what carriers to receive.

In [1] more detail is given, and scenarios are exemplified. In this document attention is given to analyzing network configurations, given a certain bandwidth limitation.
3 Network configurations
Three networks have been analyzed. Two of the networks (A & B) use baseband hopping throughout the network, while the third network (C) uses a mix of baseband and synthesizer hopping. The frequency allocations of the networks investigated are shown in Table 1. The table lists the blocks of contiguous frequencies allocated to the operator. All networks have frequency allocation in two different bands.
Table 1. Network frequency allocation (band #1;band #2)
	Network
	Frequency allocation

	A
	25 MHz; 10 MHz, 10 MHz

	B
	20 MHz; 25 MHz

	C
	10 MHz; 10 MHz


Consecutive MAIOs are allocated to the multiple carriers in case of baseband hopping. In the network using synthesizer hopping, the carriers are allocated according to the MAIO plan, starting with the lowest MAIO value in the cell, and allocating multiple carriers with increasing MAIO.
The TRX distribution for the three networks is shown in Figure 1. Each channel group is treated separately in each cell. Channel groups of only one TRX have been omitted since there is no reason to apply the multi carrier feature in these scenarios. For example, one cell has two channel groups, one constitutes the non-hopping BCCH carrier, and the other four are hopping TRXs. It is then only the four hopping TRX that will be considered from that cell.
It can be seen that there are allocations of at most 11 TRXs in Network B while the most common configuration, considering all networks is 3-4 TRXs.

[image: image1.png]Probability [%]

50

45

IS
=

@
&

@
&

™
o

~
S

o

10

I Network A
[ Network B
I Network C

-

,I_ID - [

5 7 8
Number of TRXs per channel group

©
S
g}





Figure 1. TRX distribution for network A, B and C.

4 Analysis

For each number of carriers allocated, only the channel groups configured with ( #TRX are included in the data set. It should be noted that the HW supported in the cell might be the limiting factor, e.g. 4 carriers are allocated but there is only three TRX configured in the channel group, in which case it is discarded. Thus, for the carriers investigated, different data sets have been used to generate the different figures.
The results are presented in terms of equivalent carrier throughput. I.e. for an allocation of 3 carriers, the resulting throughput might be 2.4 carriers, due to the bandwidth restrictions in the MS.

The investigation is limited to 2-4 carrier reception with a MS bandwidth spanning 5-20 MHz. This is to investigate expected bandwidth supported by dual/tri mode terminals, and a reasonable number of carriers that could be expected to be supported by the MS. 
The analysis is made assuming no changes to the current network planning.
5 Carrier selection
Given an allocation of a number of carriers, there are different ways to choose which carriers to receive, given a set of ARFCNs for each burst. 

Two alternative approaches have been used in this evaluation.

5.1 Optimized carrier selection
The most straight forward approach, but also the more complex of the two, is to go through all possible combination of carriers given a certain MS bandwidth. The allocation that maximizes the number of carriers received in each radio block period is chosen.
The method can also be extended to cover the dimension of allocated TS, i.e. the carriers that maximizes the throughput in terms of frequency and TS allocation is chosen.

5.2 Carrier prioritization

A more simple method is to have a pre-determined carrier prioritization. I.e. both the MS and network need to know which carrier(s) to discard when the carrier allocation’s frequency span is wider than what is supported by the MS.

In the analysis it is assumed that carrier allocations are discarded based on MAIO, from high to low.

6 Results

In this section results are shown from the three network scenarios. 
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Figure 2. Carrier throughput for 2-4 carrier allocation, at different MS BWs assumed. Network A.
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Figure 3. Carrier throughput for 2-4 carrier allocation, at different MS BWs assumed. Network B.
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Figure 4. Carrier throughput for 2-4 carrier allocation, at different MS BWs assumed. Network C.
As can be seen, there is a difference between network A and network B in the number of carriers that can be supported, although the total operator allocation in both networks is the same. Network C shows little limitation by the bandwidth of the MS, even at lower BW figures, except for the 4 carriers allocation where 2-2.5 carriers on average are supported at 5 MHz MS bandwidth.
The obvious, and expected, trend for all networks is that the wider the MS bandwidth, the more probable it is to support a certain allocation.

The carrier throughput in Network A is close to, put does not reach full throughput at larger BW. This is due to a non-contiguous allocation in one of the bands that spans the MA for some cells up to 38 MHz, see Figure 5.
In network B at 20 MHz bandwidth the probability to receive all carriers allocated is close to optimum, irrespective of number of carriers chosen. At lower MS BWs there is a larger variety with approximately 1.5 carriers received, irrespective of carriers allocated at MS BW of 5 MHz. This can, to a large extent, be explained by the maximum frequency spread in the MA, which in Figure 5 can be seen to be above 5 MHz for around 95% of the channel groups.
In network C the high throughput is reached, already at low MS BW. With MS BW (10 MHz there are no carrier restrictions (due to the frequency allocation of the network)
It should be noted that a reduction in number of carriers do not translate into a lost transmission opportunity for the network since transmission to other users, allocated on the same resources is possible, as exemplified in [1].
The difference between the optimum and priority based carrier selection is also somewhat different between network A, B and C. For network A and C there is reasonably small difference between the two algorithms, while larger difference is seen for network B. Still, both options follow the same trend, and are identical in the case for two carriers allocated to the MS. 
To further understand the results, the frequency span covered by the MA in all channel groups is shown in Figure 5. It can be seen that the characteristics of the networks are different, but that both Network A and B roughly has a probability of covering 90% of the channel group allocations with a bandwidth of 17-18 MHz, while the corresponding figure for Network C is 7 MHz.
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Figure 5. Maximum MA spread in frequency for network A and B.

7 Conclusion
The paper analyzes the applicability of the MCDL feature in three current network deployments in terms of the number of carriers that can be allocated to the MS, and how to choose the carriers to receive.
It is assumed that there are no changes done to the current network planning.

As expected the BW limitation of the MS will put restrictions on how often all carriers can be received. However, for a MS supporting 20 MHz BW (supported from for example LTE), close to full reception was seen for all scenarios investigated. For Network C the maximum contiguous allocation was 10 MHz in each of the two bands in the allocation, and thus maximum reception was achieved with MS BW ( 10 MHz. 
It is important to notice that if a carrier needs to be discarded due to BW limitations at the MS, the radio resources can be used by another allocation, thus, not wasting scheduling opportunities.
Two alternative methods to determine what carriers to be received during a certain radio block period has been investigated and it has been shown that a sub-optimum method can perform reasonably close to an optimum search, with reduced complexity. It can be noted that also, in this regard, differences are seen in the different networks investigated.
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