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1   Introduction

Following the RAN3 meeting #84 in Seoul, a text proposal (TP) on Dynamic Spectrum Reallocation (DSR) use cases for the TR was agreed in R3-14163 [1] and captured in Section 5.2 of TR 37.870 [2]. In this paper we are discussing the contents of the TP in [1] and propose to include some amendments to the TR.
2   
Discussion

2.1   Spectrum Hole in Long Term

A long term spectrum hole as discussed in 5.2.1 of [1] does not only depend on the time needed until a certain portion of spectrum can be declared as empty, but from several other aspects.

First, it depends also on regulatory assignments. Irrespective of re-farming or re-allocation of a portion of spectrum, the regulatory approval either with respect to a new RAT assignment or full technology neutrality must be given. As long as this regulatory approval is missing the spectrum hole cannot be tackled at all, neither by re-farming nor by DSR.

Second, it depends on spectrum volume granularity which is not scaled so far. As an example, the smallest LTE carrier determining refaming or re-allocation granularity is 1.4 MHz which determines the vertical step size of a spectrum hole in Fig. 5.2.1-1 of [1] and cannot be avoided neither by re-farming nor by DSR. In addition, the larger the LTE carrier the larger is the unavoidable spectrum hole.

Third, due to different frequency reuse applications of GSM BCCH carriers and pure hopping carriers, it is not possible to specify dedicated spectrum portions as empty. It can only be decided based on resource utilization statistics whether some of the hopping carriers are still needed for the GSM-only users.
Assuming now that a GSM band has become less used, it is not required to wait until a band is completely empty before refarming it to a different RAT, if the band can be reduced in width. For instance, within a 20 MHz GSM band an operator can release as many GSM hopping carriers as needed for the required LTE carrier, e.g., for one 1.4 MHz LTE carrier at least 7 GSM carriers have to released. Due to fractional HW reuse (i.e., the base station is equipped with a limited set of carrier modules) and reuse 3, the granularity might be 3 GSM carriers, i.e. at least 9 GSM carriers (1.8 MHz) are released. Allowing for regulatory approval, the timing of refarming and mitigation of the spectrum hole is then also in the hands of the operator and can be executed on need basis.
Proposal 1: We therefore propose to append the following text in section 5.2.1:
For instance, within a 20 MHz GSM band an operator can release as many GSM hopping carriers as needed for the required LTE carrier, which can be increased step by step. It is noted that minimum spectrum holes of, e.g., 1.4 MHz when refarming to LTE cannot be avoided neither with legacy nor with dynamic spectrum refarming.
Depending on the characteristics of the involved RATs and on local regulatory policy, it may be possible to refarm portions of spectrum without waiting for a band to be completely empty. Based on that, the timing of refarming for spectrum holes mitigation can be defined by operators according to their evolution plans.
2.2   Spectrum Hole in Short Term: Analysis of short term spectrum holes

In Section 5.2.2 of [2], it is argued that periodic, e.g., daily, traffic fluctuations lead to inefficient usage of spectrum, as shown in the figure below.
[image: image1.emf]
In the figure, the holes are present where there is high traffic for PS data and little traffic for CS connections. This figure is lacking in several aspects: It would be necessary to distinguish between CS users of one RAT and packet traffic of another RAT to show that a re-allocation is actually necessary – the figure at hand suggests reporting only 3G (WCDMA and HSPA) traffic. Further, it is clear that the spectrum for PS traffic must be dimensioned to accommodate the peak traffic. As it turns out the PS peak traffic may coincide with high usage of CS traffic, and hence short term spectrum re-allocation would not solve the issue anyway.
Therefore we do not see a need to investigate short term spectrum re-allocation for this case.

Observation: Since it cannot be assumed that peaks of PS traffic coincide with low usage of CS traffic, enough spectrum needs to be allocated beforehand to accommodate suck PS traffic peaks anyway. At this point applying DSR or not to the scenario described in section 5.2.2 of [2] would not make any difference.
As mentioned at the beginning of Section 5.2 of [2], assuming that a traffic pattern which has really spectrum holes can be actually found, it will be still necessary to characterize this use case in detail by examining how often and in what areas it occurs, and what are typical subscription shares for GSM, 3G and LTE and how many users are affected and what is the loss introduced by this purported problem. 
Proposal 2: We therefore propose to add to the TR following subsection:
NOTE: 
In case PS traffic peaks overlap with CS traffic peaks, the short term spectrum re-allocation would bring limited benefit.
3   Conclusion

In this contribution we discussed various aspects of dynamic spectrum reallocation highlighting the ability of established procedures to optimally use spectrum in time and space, and analyzing spectrum needs as presented for the use case of short term spectrum holes.

Proposal: adopt the modifications to the TR as shown below in the Text Proposal of Section 5.
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5   Text proposal

BEGINNING OF TEXT PROPOSAL
5.2.1
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 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. 5.2.1-1. Such “spectrum hole” may limit the network performance.
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   Fig. 5.2.1-1 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.
For instance, within a 20 MHz GSM band an operator can release as many GSM hopping carriers as needed for the required LTE carrier, which can be increased step by step. It is noted that minimum spectrum holes of, e.g., 1.4 MHz when refarming to LTE cannot be avoided neither with legacy nor with dynamic spectrum refarming.

An operator does not need to wait until a band is completely empty before refarming it to a different RAT, if the band can be reduced in width. Allowing for regulatory approval, the timing of refarming and mitigation of the spectrum hole is then also in the hands of the operator and can be executed on a need basis.
SKIP UNCHANGED

5.2.2
Spectrum Hole in Short Term
The load distribution over cells varies all the time due to e.g. work/rest time period 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. 5.2.2-1 (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.
NOTE: 
In case PS traffic peaks overlap with CS traffic peaks, the short term spectrum re-allocation would bring limited benefit.
END OF TEXT PROPOSAL
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