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1 Introduction

Dynamic Spectrum Reallocation (DSR) and Semi-Static Spectrum Reallocation (SSSR) are mentioned in [1] as a possible solution to address so-called “spectrum holes”, i.e. in scenarios when, for various reasons, the spectrum allocated to one RAT does not match the required network capacity of the same RAT. DSR and SSSR aim to address this imbalance by allocating spectrum across RATs deployed by the same operator (if available).
A couple of issues limiting the effectiveness of DSR are already highlighted in Sec. 5.2 of [1], namely:
1. The need to understand usage and traffic trends across desired RATs in a certain time frame, including the number of subscribers who are using only a single RAT;

2. The effect of local vs. large-scale averages according to the particular area chosen, which may significantly alter the spectrum “pool” available for reallocation.

The issues above apply to SSSR too and mainly impact the planning phase. There are also additional criticalities limiting DSR/SSSR performance, which stem from its interaction with RAN-level mechanisms. Such RAN-level mechanisms may have very different ways of operating, will act on different time scales, and will differ significantly according to implementation, so they may be even more difficult to predict. Some of the issues below were mentioned in [2], but were not discussed during offline sessions at RAN3 #84: we think it is beneficial to include them in [1].
2 Discussion
2.1 Interaction with RAN Mechanisms

Let us assume that e.g. GSM and LTE are deployed over the same spectrum in a particular area. The aim of DSR/SSSR is to dynamically reallocate the same spectrum pool to GSM or LTE according to e.g. estimated or measured load information from the BTSs or eNBs.
Here are some of the practical drawbacks which the operator should consider before deploying DSR or SSSR in that area:

1) The involved eNBs and BTSs cannot be considered independently from the surrounding coverage area. DSR/SSSR may impact the coverage in the surroundings, causing areas of suboptimal performance. This will require additional planning beforehand.
2) We could envisage an open-loop spectrum reallocation and a closed-loop spectrum reallocation. SSSR could be based on an open-loop spectrum reallocation, e.g. a fixed schedule, possibly via OAM coordination. DSR could be based on a closed-loop spectrum reallocation, i.e., it could operate according to e.g. load information exchanged between the RAN nodes. Open-loop mode is going to be slower and less responsive to unforeseen variations, while closed-loop mode is going to be more signaling-intensive and highly dependent on load estimates by the different RAN node implementations.
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 if needed, but this would result in an additional undesirable constraint. Excluding e.g. some “reserve” GSM spectrum from the reallocation pool for emergency use, will further limit DSR/SSSR effectiveness.
4) When reallocating radio resources across RATs, different implementations may react differently to such an “artificial” change in available capacity, possibly leading to unnecessary (and unpredictable) handovers, ping-pongs, and/or dropped connections.

5) DSR will also interact with Mobility Load Balancing (MLB), Inter-Cell Interference Coordination (ICIC), User Plan Congestion management (UPCON), and other functionality. Convergence across relevant RAN nodes will not be trivial (and definitely very implementation-dependent), especially considering the various time scales for all these functionalities. The fact that different RATs are involved will further complicate things, and requires additional analysis.
6) The last observation may also apply to SSSR, since any change in spectrum allocation will “bump” any underlying dynamic functionality into a different state, potentially causing an initial discontinuity as a new steady state is sought.

Observation 1: Interaction with RAN mechanisms may severely limit DSR/SSSR effectiveness.

2.2 Architectures of Different RATs

The fact that some RATs (i.e. GSM, UMTS) allocate resources from nodes which control many base stations (i.e. the BSC and the RNC, respectively) while LTE operates in a distributed manner (e.g. ICIC), can be an issue: resource allocation mechanisms in different RATs operate according to their respective architectures. The signaling load implications of such interaction are also unknown.

Observation 2: Interaction with resource allocation mechanisms in different RATs, which operate according to their respective architectures, may severely limit DSR effectiveness.
2.3 Complementing 3GPP Coverage with WiFi

The vast majority of UEs in use today are WiFi-capable, and most operators are deploying WiFi coverage already today. The traffic capacity for which e.g. 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. In some cases, therefore, deploying WiFi may be an alternative to DSR.
We can also notice that, by providing WiFi and 3GPP coverage at the same time, the need for “top-down” coordination of 3GPP RATs may be greatly reduced.
Observation 3: DSR might not be required since Wi-Fi deployment is expected to provide all the gains of DSR including the issue of lack of coverage.
3 Conclusions and Text Proposal
We have presented a few issues which may limit the effectiveness of DSR, and a possible alternative; these were introduced in a previous paper [2] but were not discussed offline at the last RAN3 meeting. We believe that they are worth capturing in the TR text.
Proposal 1: Add Sections 2.1, 2.2 and 2.3 above after Sec. 5.2.4 of [1] according to the text proposal below.
START OF CHANGE
6.1.3.x Interaction with RAN Mechanisms

If e.g. GSM and LTE are deployed over the same spectrum in a particular area, there are some practical drawbacks which the operator should consider before deploying dynamic spectrum reallocation (DSR) and/or Semi-Static Spectrum Reallocation (SSSR) in that area:

1) The involved eNBs and BTSs cannot be considered independently from the surrounding coverage area. DSR/SSSR may impact the coverage in the surroundings, causing areas of suboptimal performance. This will require additional planning beforehand.

2) We could envisage an open-loop spectrum reallocation and a closed-loop spectrum reallocation. SSSR could be based on an open-loop spectrum reallocation, e.g. a fixed schedule, possibly via OAM coordination. DSR could be based on a closed-loop spectrum reallocation, i.e., it could operate according to e.g. load information exchanged between the RAN nodes. Open-loop mode is going to be slower and less responsive to unforeseen variations, while closed-loop mode is going to be more signaling-intensive and highly dependent on load estimates by the different RAN node implementations.

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 if needed, but this would result in an additional undesirable constraint. Excluding e.g. some “reserve” GSM spectrum from the reallocation pool for emergency use, will further limit DSR/SSSR effectiveness.

4) When reallocating radio resources across RATs, different implementations may react differently to such an “artificial” change in available capacity, possibly leading to unnecessary (and unpredictable) handovers, ping-pongs, and/or dropped connections.

5) DSR will also interact with Mobility Load Balancing (MLB), Inter-Cell Interference Coordination (ICIC), User Plan Congestion management (UPCON), and other functionality. Convergence across relevant RAN nodes will not be trivial (and definitely very implementation-dependent), especially considering the various time scales for all these functionalities. The fact that different RATs are involved will further complicate things, and requires additional analysis.
6) The observation above may also apply to SSSR, since any change in spectrum allocation will force any underlying dynamic functionality into a different operating point, potentially causing an initial discontinuity as a new steady state is sought.
6.1.3.y Different RAT Architectures
Some RATs (i.e. GSM, UMTS) allocate resources from nodes which control many base stations (i.e. the BSC and the RNC, respectively) while LTE operates in a distributed manner (e.g. ICIC). This can be an issue: resource allocation mechanisms in different RATs operate according to their respective architectures. The signaling load implications of such interaction are also unknown.

6.1.3.z Complementing 3GPP Coverage with WLAN
The vast majority of UEs in use today are WiFi-capable, and most operators have already deployed WiFi. The traffic capacity for which e.g. 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. In some cases, therefore, deploying WiFi may be an alternative to DSR.

We can also notice that, by providing WiFi and 3GPP coverage at the same time, the need for “top-down” coordination of 3GPP RATs may be greatly reduced.
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