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1   Introduction
In RAN3 #83 meeting, there was an initial discussion to improve the efficiency of spectrum resource usage in multi-RAT co-existed networks. 
Similar issue has been identified in ITU, as the description in [1]:

“In addition, fully static spectrum usage strategy cannot make efficient usage of allocated spectrum for certain service due to dynamic change of network load. In time, space, and frequency domain, there exist unused radio resources, i.e. so-called spectrum holes. Flexible spectrum usage can improve the frequency efficiency by spectrum sharing and making use of spectrum holes, which includes the aspects of cognitive radio techniques, authorized spectrum sharing e.g. ASA (Authorized Shared Access)/LSA (Licensed Shared Access) and joint management of multiple RATs.”

An EU (Europe Union) project named SEMAFOUR (SElf-MAnagement FOr Unified heterogeneous Radio access networks) also did some research in this area [2].

In this paper, some major use cases are presented for efficient usage of licensed spectrum with dynamic load change.
2   Discussion
2.1   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 will last about 10 years. However with the traditional static spectrum refarming approach, it cannot keep a tight track with GSM/UMTS spectrum requirement reduction and needs wait a long time (usually 1~2 years) until a specific spectrum is empty. In this period, the legacy system cannot make sufficient use of owned spectrum and an unused “spectrum hole” occurs as shown in Fig. 1, which limits the network performance.
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Fig. 1 Spectrum hole in long term

2.2   Spectrum Hole in Short Term
The load distribution over cells varies all the time caused by e.g. work/rest time shift in business area and resident places, and the human behaviour difference over time and business groups. Spectrum holes can be found in many periods within one day, where the legacy system cannot make sufficient use of owned spectrum but the advanced RAT is in overload situation. Typically CS and PS traffic could vary differently as shown in Fig. 2 (data from real network). It is assumed that most of PS traffic is carried by LTE, and CS by legacy G/U in the future. This spectrum hole occurrs in short time term as well.
[image: image2.png]Traffic amount

——— ¢S tafic [olana]
——— PS trafic [HSOPA user number"10/cel]

Spectrum

Time [hou]





Fig. 2 Spectrum hole in short term
2.3   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 we found in 2013 most of cells (>70%) have a load below 30%; the hotspot cells whose load are above 70% are only less than 5%. It would be possible for most of cells to share out spectrum to LTE. In hotspots, there may be no spectrum sharing for legacy RAT due to the high load. However this can be enhanced by densification of sites or addition of LTE small cells, such as in the urban area in Fig. 3. While the most range of suburban area can get sufficient spectrum from sharing with G/U with much less investment.
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Fig. 3 Spectrum hole in space

3   Conclusion 
In this contribution, the spectrum hole problems in the multi-RAT co-existed networks are clarified, and potential gain can be expected if spectrum holes are resolved. It is proposed RAN3 to agree the following TP of the use cases for spectrum holes and further investigate  it in multi-RAT joint operation SI.
******************Text Proposal*********************************
Use case 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 will last about 10 years. However with the traditional static spectrum refarming approach, it cannot keep a tight track with GSM/UMTS spectrum requirement reduction and needs wait a long time (usually 1~2 years) until a specific spectrum is empty. In this period, the legacy system cannot make sufficient use of owned spectrum and an unused “spectrum hole” occurs as shown in Fig. 1, which limits the network performance.
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Fig. 1 Spectrum hole in long term

Use case 2: Spectrum Hole in Short Term

The load distribution over cells varies all the time caused by e.g. work/rest time shift in business area and resident places, and the human behaviour difference over time and business groups. Spectrum holes can be found in many periods within one day, where the legacy system cannot make sufficient use of owned spectrum but the advanced RAT is in overload situation. Typically CS and PS traffic could vary differently as shown in Fig. 2 (data from real network). It is assumed that most of PS traffic is carried by LTE, and CS by legacy G/U in the future. This spectrum hole occurrs in short time term as well.

[image: image5.png]Traffic amount

——— ¢S tafic [olana]
——— PS trafic [HSOPA user number"10/cel]

Spectrum

Time [hou]





Fig. 2 Spectrum hole in short term

Use case 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 we found in 2013 most of cells (>70%) have a load below 30%; the hotspot cells whose load are above 70% are only less than 5%. It would be possible for most of cells to share out spectrum to LTE. In hotspots, there may be no spectrum sharing for legacy RAT due to the high load. However this can be enhanced by densification of sites or addition of LTE small cells, such as in the urban area in Fig. 3. While the most range of suburban area can get sufficient spectrum from sharing with G/U with much less investment.
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Fig. 3 Spectrum hole in space

******************Text Proposal*********************************
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