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1 Introduction

Spectrum refarming in the time domain (dynamic spectrum reallocation) was one of the use cases introduced at the last RAN3 meeting for multi-RAT resource management. This, was claimed, could address “scenarios where a large number of people are gathering in the same place, such as the Olympic Games, or in case of some other social event, [where] there may be a burst in voice service request. In such a scenario, the 2/3G network resources may not be sufficient to provide voice service to all users.”[1] In this type of scenario (we will call it “sports arena scenario”) the service requested by most users changes in the same way in time (e.g. going between packet data to voice during intermissions, and vice versa during half-times). We notice that this may be also true in theaters, concert halls, or any type of social venue where the behavior of a whole group of users is constrained by some external factor (i.e. a performance, movie, or sports event).
It has been proposed to address this type of scenario with dynamic spectrum reallocation (i.e. allocating the spectrum between different RATs according to the service request). This is not the only way to address a sports arena scenario. In fact, the sports arena scenario may be equally well, if not better, addressed by complementing the deployed RAT(s) with additional WLAN access points, thus exploiting the available capability of UEs to connect via WiFi. This might even reduce the coordination effort from the operator’s part, since in a way it will be the user’s behavior that will “coordinate” the traffic.
2 Discussion
Let us consider an example traffic variation for the sports arena scenario, such as the one in Figure 1 [1]. This assumes that most users will mostly surf, share, chat and message during performance, and mostly talk only during intermission. In order to address this usage pattern with dynamic spectrum reallocation, assuming e.g. GSM and LTE are deployed over the same spectrum in that particular area, we could think of assigning the same pool of resources to GSM or LTE according to e.g. estimated or measured load information from the BTSs or eNBs.
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Figure 1 Traffic variation between PS and CS services during a football game [1].

We believe that this approach, while interesting on paper, may have some practical drawbacks:
1) The eNBs and BTSs covering the venue cannot be considered independently from the surrounding RAN nodes, especially for an open arena. Reassigning frequency resources back and forth between different RATs may impact the coverage in the surroundings, causing areas of suboptimal performance. In order to minimize this risk, thorough planning must be done beforehand.
 
2) Such a “top-down” approach could be open-loop or closed-loop. In an open-loop mode, radio resource reallocation could be done according to e.g. the planned event schedule (concert length or intermission time, etc.), possibly even via OAM (or OAM coordination). In a closed-loop mode, reallocation could be done according to e.g. load information exchanged between the RAN nodes. Open-loop mode is going to be possibly slower and less responsive to unforeseen events like e.g. schedule changes, while closed-loop mode is going to be very signaling-intensive and dependent on traffic load estimates by the different RAN node implementations. Either way, the complexity of such a solution for the RAN is going to be considerable (particularly for the closed-loop mode).
3) It may be undesirable to operate e.g. GSM at a reduced capacity in case of an emergency. Of course radio resources could be quickly reallocated in such an event, but a decreased capability for emergency or rescue services, at least for a limited time, would still be present. Excluding some “reserve” GSM spectrum from reallocation, to be used only in case of emergency, as stated in [3], will only make the reallocation even less advantageous. In fact, as is discussed in Sec. 2.1, there are more effective ways to gain capacity than reassigning GSM spectrum to other RATs.
4) RAN nodes belonging to the same RAT can already signal load information to offload traffic. When e.g. deallocating radio resources from LTE to GSM, the impact of deallocation on different implementations of the same RAT might be different, possibly leading to unnecessary handovers, ping-pongs, and/or dropped connections. This might ultimately do more harm than good.
5) Besides load balancing, such a radio resource reallocation function will also interact with other functionalities such as MLB, ICIC, UPCON, and others. Also with respect to these other functionalities, which are spread out over the RAN nodes, convergence will not be trivial (and definitely very implementation-dependent), especially considering the various time scales over which these functionalities operate. The fact that different RATs are involved will further complicate things. 

Proposal 1: Addressing the sports arena scenario with dynamic spectrum reallocation may have practical drawbacks for the operator.
The fact that some RATs (i.e. GSM, UMTS) allocate resources from nodes which control many base stations (the BSC and the RNC, respectively) while LTE operates in a distributed manner (e.g. ICIC), far from being a mitigating factor as claimed in [3], can actually make things worse, since every resource allocation mechanism will operate according to its own characteristics. This issue is particularly evident when operating between e.g. 2G/3G on one side (which use a centralized controller) and LTE on the other (which has a distributed architecture, where radio coordination happens on a peer-to-peer level within clusters of neighbors). The signaling load implications are unknown.
It is interesting to note that as subscriber penetration for older generation RATs decreases (GSM subscriber penetration will drop to 10% by 2020 according to [3]), spectrum that operators allocate to older generation RATs is also bound to decrease rapidly and be reassigned on a more permanent manner to more efficient RATs [3]. This will only make this sort of inter-RAT dynamic reallocation mechanisms less attractive, since the “pool” of spectrum available for reallocation will be significantly reduced. It could also be debated, given the tremendous growth of later-generation RATs, whether considering such functionality for a 10-year technology lifecycle is justified.
Proposal 1bis: The complexity of the foreseen mechanism should also be put into perspective by considering a realistic technology lifecycle.
2.1 Complementing 3GPP Coverage with WiFi
Let us start from two very trivial observations: first, the vast majority of UEs today in use are WiFi-capable, and second, most social venues have WiFi coverage already today. Looking at some reports of a recent major sports event [2], the trend for WiFi coverage in sports events seems to be addressing larger and larger amounts of traffic. Some additional factors in favor of this massive growth may be e.g. the transport of timing services and IP video feeds over the same WiFi network. While all this may be peculiar to a specific sports event, the traffic capacity for which a social venue WiFi network is dimensioned can be arguably much larger than whatever can be reasonably gained by taking existing radio resources from a 2G RAN and reallocating them to a 4G RAN. It is not uncommon to see several hundreds, if not thousands, of WiFi APs in a large sports arena already today, with a total traffic volume of several hundreds of GBs for a single evening.
Proposal 2: A WiFi network covering a sports arena may deliver a much higher packet data capacity than what can be gained by taking existing radio resources from a 2G RAN and reallocating them to a 4G RAN.

We can also notice that, by providing WiFi and 3GPP coverage at the same time, the need for “top-down” coordination of 3GPP RATs is greatly reduced, provided that the WiFi network is appropriately dimensioned.
Proposal 3: If WiFi and 3GPP coverage are provided at the same time, the need for “top-down” coordination of 3GPP RATs is greatly reduced.
3 Conclusions and Proposals
We have shown that dynamic spectrum reallocation is not the best way to address the sports arena scenario. We have also shown that using a WiFi network in the venue for packet traffic may be much more advantageous and future-proof, considering that packet traffic is growing already today beyond what can be obtained by reallocating 2G radio resources to 4G.
Proposal 1: Addressing the sports arena scenario with dynamic spectrum reallocation may have practical drawbacks for the operator.

Proposal 1bis: The complexity of the foreseen mechanism should also be put into perspective by considering a realistic technology lifecycle.

Proposal 2: A WiFi network covering a sports arena may deliver a much higher packet data capacity than what can be gained by taking existing radio resources from a 2G RAN and reallocating them to a 4G RAN.

Proposal 3: If WiFi and 3GPP coverage are provided at the same time, the need for “top-down” coordination of 3GPP RATs is greatly reduced.
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� It is worth noting that this is a case of time-based dynamic spectrum reallocation “spilling over” to the space domain: the two topics cannot be considered entirely orthogonal, in our opinion.


� In � REF _Ref387152867 \r \h ��[3]� it is claimed that dynamic spectrum reallocation can work well with existing functionality, without bringing any additional evidence. This tends to reinforce the impression that careful analysis is really needed on this issue. 





