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Introduction
According to the online and offline discussion on the use cases for Dynamic spectrum re-allocation, this paper proposes necessary text for TR 37.870.
Text Proposal
******************Text Proposal1*********************************
3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Spectrum re-allocation:
	Assignment of spectrum from one RAT to another, in a reversible manner, for a period of time (temporal) or in an area (spatial). 
	It consists of these categories:
	Temporal Spectrum re-allocation:
		The re-allocation is for a time period that is dynamic, semi-static or static.
Dynamic should be understood in terms of seconds or minutes
Semi-static should be understood in terms of hours or days
Static (also known as spectrum refarming) should be understood in terms of months or years.  
	Spatial Spectrum re-allocation
		The re-allocation is for a particular area, which is smaller than a whole geographic region.  Both spatial and temporal re-allocation may be combined.

Traffic Steering: 
The network triggers the offload of traffic of some served/camped UEs from one RAT to another.
Spectrum Hole
The spectrum hole is a portion of the spectrum licensed to the operator which for some reasons at some time in some places is not fully used.
******************Text Proposal1*********************************
******************Text Proposal2*********************************
5.x Use cases for Dynamic spectrum re-allocation
It should be analyzed whether following uses cases, producing spectrum holes, require dynamic spectrum allocation functionality. This scenario can be better understood by looking at the following statistics, if available:
1. expected frequency/relevance of this scenario;
2. expected amount of LTE and 3G users in a certain time frame (e.g. 2016-2020);
3. expected amount of GSM-only users in a certain time frame (e.g. 2016-2020);
4. expected amount of involved GSM-only users.
5.x.1 Spectrum Hole in Long Term 
With the development of 3GPP networks, mobile subscribers transferring from GSM/UMTS to LTE will be a global phenomenon, and usually the procedure may last about 10 years. However, the transfer progress varies in different areas. It is impossible to have a uniform prediction of such progress, as different operators have different plans for spectrum refarming according to their own predictions. The accuracy of such predictions may also vary.  Furthermore, the traditional static approach to spectrum refarming cannot keep up with the reduction in spectrum requirements of GSM and UMTS, and thus needs to wait a long time (usually 1~2 years) until a specific spectrum portion is empty. In this period, when the legacy system cannot make sufficient use of the owned spectrum, a “spectrum hole” occurs as shown in Fig. 5.x.1-1. Such “spectrum hole” limits the network performance.
[image: ]
Fig. 5.x.1-1 Spectrum hole in long term
If the spectrum available for sharing may be allocated in smaller or irregular “chunks” (e.g. narrow bandwidth configurations possible for some RATs), this may help to alleviate the “spectrum hole”, at least locally, provided that the involved RATs are able to efficiently use it.
5.x.2 Spectrum Hole in Short Term
The load distribution over cells varies all the time due to e.g. work/rest time period shifts in business vs. residential areas or due to differences in customer usage over time periods and business groups. Spectrum holes may be found in some periods within the same day, where the legacy system cannot make sufficient use of the owned spectrum yet the more advanced RAT is in an overload situation. CS and PS traffic could vary significantly as shown in Fig. 5.x.2-1 (data from a real network). It is assumed that most PS traffic is carried by LTE, and most CS traffic is carried by legacy GSM/UMTS in the future. This spectrum hole may occur in a short time interval as well.
[image: 1]
Fig. 5.x.2-1 Spectrum hole in short term
5.x.3 Spectrum Hole in Space
In real networks, the highly loaded cells are only in a small portion of the network; for example, in a commercial network in 2013 it was found that most cells (>70%) have a load below 30%; the hotspot cells with load above 70% are only less than 5%. It would be possible for most cells to share out spectrum to LTE. In hotspots, spectrum sharing with legacy RATs may not be possible due to high load, but this situation can be improved by site densification or by adding LTE small cells (as shown for the urban area in Fig. 5.x.3-1). On the other hand, most of the suburban area can obtain enough spectrums by sharing it from GSM/UMTS with much less investment. 
[image: 1]
Fig. 5.x.3-1 Spectrum hole in space
5.x.4 Local vs. Large-Scale Averages
The “spectrum hole” effect mentioned above (both in space and in time) needs to be put in perspective with respect to local averages. For example, the possible gain due to dynamic spectrum reallocation may vary significantly according to the particular area, due to the various traffic patterns. In particular, with respect to a coverage area, if we consider e.g. a border region between the coverage of two RATs, the possible spectrum “pool” available for reallocation may be more limited than if we were to consider a larger multi-RAT coverage area. 
In the same way, the “spectrum hole” may significantly vary according to the particular time frame with respect to the traffic pattern and the available spectrum resources.


******************Text Proposal2*********************************
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