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Comments to GP-120932 (Downlink Multi-Carrier: Network Case Studies)
1 Introduction

This document contains some comments to GP-120932 [1] where carrier selection and achievable throughput of MCDL are discussed.
2 Comments to Network Configurations
In section 3 “Network Configurations” of [1], a lot of details necessary to understand the actual network configurations, like site configurations, frequency reuse for the hopping/non-hopping layers, MA planning for each hopping layer, frequency hopping parameters, and TRX planning etc, are all not clear.
It is also not clear how “channel group” is defined, how it relates to the MAs, and how TRXs in a cell are “configured” for each channel group.
The sourcing company suggests an elaboration on the network configurations, in a way they are described for live networks, e.g. similar to what has been done in section 5.3 of the MUROS TR [2] but with more details on frequency hopping parameters. Otherwise it would be impossible for companies to understand and/or verify the results provided in section 6 of [1].
3 Comments to Carrier Selection
3.1 Comments to Optimized Carrier Selection
The complexity of the carrier selection approach outlined in section 5.1 of [1] is actually not high in case the carrier selection could be done on a per burst basis. For instance, if the receiver bandwidth is 5 MHz and the ARFCNs for the assigned 4 carriers (denoted as C1, C2, C3, C4) are as shown in Table 1 for a specific burst, the MS could first sort the list of ARFCNs, and then test how far it can go from the largest ARFCN (i.e. ARFCN4) down the sorted ARFCN list while satisfying the receiver bandwidth constraint. The output is the maximum carrier separation starting from ARFCN4. The operation could then be repeated starting from ARFCN3, ARFCN2 and ARFCN1 respectively. Finally the maximum carrier separation is selected among the four. (In case there are multiple maximum values, an additional rule will of course be needed to select one out of them)
Table 1.  ARFCNs for a burst, 4-carrier case
	FN
	ARFCN1 (C1)
	ARFCN2 (C2)
	ARFCN3 (C3)
	ARFCN4 (C4)

	0
	1
	19
	28
	37


However, as also indicated in section 4 of [3], in MCDL for EGPRS, the carrier selection should be done on a per radio block basis, i.e. the selected carrier(s) should satisfy the receiver bandwidth constraint over 4 consecutive FNs. One simple example extending Table 1 is as illustrated in Table 2.
Table 2.  ARFCNs for a radio block, 4-carrier case
	FN
	ARFCN1 (C1)
	ARFCN2 (C2)
	ARFCN3 (C3)
	ARFCN4 (C4)

	0
	1
	19
	28
	37

	1
	10
	28
	37
	1

	2
	1
	19
	28
	37

	3
	37
	10
	19
	28


It is obvious that the above mentioned solution for burst-based carrier selection does not work any more, because the ordered ARFCN list changes from burst to burst.

A straightforward solution for Table 2 is to first derive a table listing the ARFCN separation for any carrier pair, as is done in Table 3 (denoting ARFCNi as fi, i = 1, 2, 3, 4).
Table 3.  ARFCN separation for any carrier pair, 4-carrier case
	FN
	|f1-f2|
	|f1-f3|
	|f1-f4|
	|f2-f3|
	|f2-f4|
	|f3-f4|

	0
	18
	27
	36
	9
	18
	9

	1
	18
	27
	9
	9
	27
	36

	2
	18
	27
	36
	9
	18
	9

	3
	27
	18
	9
	9
	18
	9


It could be seen that the only carrier pair satisfying the bandwidth constraint over all 4 bursts is {C2, C3}, which is then the selected carrier set.
The problem becomes much more complex when there are multiple carrier pairs satisfying the bandwidth constraint. For instance, if the assigned carriers are {C1, C2, C3, C4, C5, C6}, and the carrier pairs satisfying the bandwidth constraint are {C1, C2}, {C1, C3}, {C1, C4}, {C2, C5}, {C2, C6}, {C5, C6}, {C1, C5}. This is depicted in Figure 1.
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Figure 1.  Graph representation of the carrier selection problem
So the problem now is to find the maximum complete sub-graph ({C1, C2, C5} or {C2, C5, C6} in this example) in an undirected graph which is a problem well known to be not solvable in polynomial time.
The above general problem could of course be reduced to a problem with acceptable complexity if some strict restrictions are imposed on radio resource allocations, e.g. only consecutive MAIOs are assigned to the MS. But this is at the cost of lower radio resource scheduling flexibility and will result in lower overall system level gains.
It is not clear whether the optimized carrier selection approach described in section 5.1 of [1] assumes a burst-based carrier selection or a radio-block-based carrier selection. If it is the latter it would be interesting to see more details of the algorithm and some quantified analysis on its complexity. It would also be interesting to know whether it is the intention of the MCDL proposal ([2]) to assume consecutive MAIO allocation (or other radio resource allocation restrictions) as a prerequisite.
3.2 Comments to Carrier Prioritization
As stated in section 5.2 of [1], the approach used for carrier prioritization is that “carrier allocations are discarded based on MAIO, from high to low” “when the carrier allocation’s frequency span is wider than what is supported by the MS”.
First of all, this seems to be possible only when burst-based carrier selection is assumed, which does not make sense for EGPRS where loss of a burst normally results in loss of the whole radio block.

Further, it is not clear from the above description how carriers are discarded. Hence it is (again) impossible to repeat the analysis and verify any result derived from this approach.

Finally, despite the “burst-based” or “radio-block-based” issue, the approach seems to only perform well with consecutive MAIO allocations. With non-consecutive MAIO allocations, it is theoretically far from optimum to discard the highest MAIOs. Hence it would be interesting to see some results regarding the comparison of peak throughput gain of MCDL between consecutive and non-consecutive MAIO allocations.

4 Comments to the Results
It could be expected that in MCDL the (peak) throughput should scale with the number of carriers. For instance, with the same network configuration, the same MS receiver bandwidth and the same carrier selection approach, a 4-carrier allocation should achieve higher throughput than a 3-carrier allocation.
This general trend is reflected in Figure 2 and Figure 3 of [1] (i.e. the solid red curve is above the solid grey curve, and the dashed red curve is above the dashed grey curve), but not in Figure 4 of [1], e.g. in the case of 5 MHz receiver bandwidth.
The sourcing company would like to see some clarifications on the reason why the 3-carrier allocation outperforms the 4-carrier allocation. Further it would be interesting to see some study on whether there are other situations where the N-carrier allocation outperforms the (N+1)-carrier allocation, assuming a carrier selection approach used in [1], or other approaches.
5 Comments to the Conclusion
It is stated in the conclusion part of [1] 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.”
However, as discussed in [4] and quoted below, the sourcing company believes that this is not necessarily the case:

“In DCDL the BSC has the flexibility to schedule a radio block period for a legacy MS whenever there is a need. For downlink multi-carrier with a wideband receiver, the BSC may have to delay the transmission of a packet intended for a legacy MS until when there is a ‘hole’ (receiver bandwidth limitation occurrence), or keep the flexibility as in DCDL at the expense of wasting the radio block period at the ‘hole’ and resulting in even lower peak throughput gains. This is worth being quantified by system simulations.”
6 Conclusions
This document analyses the contents of [1] and provides some comments to them. Besides, the sourcing company proposes the following:
· Discuss the network configurations and frequency hopping settings typical for MCDL operations, to facilitate multi-vendor evaluation of the feasibility of MCDL in terms of throughput gain.
· Study the possible carrier selection approaches, their complexity and any possible implications on radio resource allocations, to justify the feasibility of MCDL in terms of processing time.
· Analyse the peak throughput gain of MCDL in scenarios with different penetration levels of MCDL aware MSs, to understand the possible impact (e.g. wasted radio block periods) of MCDL to the performance of legacy mobiles.
The sourcing company believes that an evaluation of MCDL with regard to the above aspects should be carried out before any work item on MCDL is created.
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