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1 Introduction
This paper presents further considerations on Dynamic and Semi-Static Spectrum Reallocation (DSR and SSSR, respectively). A text proposal is introduced in Section 4.
2 Discussion

In [1], reduced planning and optimization effort is claimed to be one of the potential benefits of DSR and SSSR. 

Static Spectrum Refarming (SSR, see Figure 1 below) requires network analysis (when/where to do refarming), network planning (neighbor lists, frequency planning), network optimization and similar efforts.
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Figure 1: Example of static spectrum re-farming
In theory, DSR and SSSR could automate all steps, leading to savings in OPEX, however, while some efforts may be reduced (such as network analysis to decide when/where to perform refarming), new network planning challenges will also be introduced:

· Large numbers of semi-static/dynamic “network plans” are generated, to be then chosen automatically by the network. Detecting and fixing network quality problems (e.g. dropped calls, poor call quality in certain areas) will become more challenging for the operator. As an example of such complexity increase (see Figure 2), there could be up to 2N network plans, where N is the number of cells/clusters.
· In order to avoid Inter System Interference (ISI), DSR/SSSR may also require grouping the cells into coordination clusters, where each cell within a cluster uses the same spectrum configuration (thus having relatively similar load patterns). Creating coordination clusters requires network analysis and parameter auditing efforts.
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Figure 2: Example of semi-static/dynamic spectrum re-allocation
In addition, we need to consider that fast (TTI level) bandwidth changes cannot be made:
-
With respect to LTE, it is reasonable to assume that cell reset is required when changing the bandwidth. This implies that some extra latency is added (e.g., one needs to shift the active connections elsewhere, UEs need to get the new MIBs and SIBs, etc.).

-
Similarly, if the shared carrier has active GSM connections, those need to be ended first or handed over to other frequencies, thereby adding latency.
The above will of course affect service continuity for the UEs involved.
3 Summary
Section 2 of this paper presented further considerations on the Dynamic and Semi-Static Spectrum Re-allocation methods and it is proposed to capture the Text Proposal of Section 4 in the next version of TR 37.870 [2].
4 Text Proposal

BEGINNING OF TEXT PROPOSAL
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ANDSF
Access Network Discovery and Selection Function
BSS load
Basic Service Set load
DSR
Dynamic Spectrum Re-allocation
Eb/No
Bit Energy over Spectral Noise Density
ISI
Inter-System Interference
MIB
Master Information Block
OAM
Operation And Management
RCPI
Received Channel Power Indicator

RSNI
Received Signal to Noise Indicator

RSRP
Reference Signal Received Power
RSRQ
Reference Signal Received Quality
SIB
System Information Block
SSSR
Semi-Static Spectrum Re-allocation

SSR

Static Spectrum Re-farming/Static Spectrum Re-allocation
TTI
Transmission Time Interval
SKIP TO NEXT TEXT PROPOSAL
6.1
Issue 1: Potential solutions for spectrum holes

6.1.1
Descriptions

Spectrum reallocation should satisfy capacity and coverage requirements among different RATs. In order to satisfy the service quality, interference should be taken into account when spectrum reallocation is applied, since if not coordinated it may also cause resource waste in some or all of the involved RATs.
6.1.2
Solutions

The following potential solutions are considered: static spectrum reallocation (i.e., Spectrum Re-farming) and semi-static spectrum re-allocation.
Option 1: Static spectrum reallocation (SSR)
Static spectrum reallocation, known as spectrum refarming, is used by operators to reallocate a certain amount of spectrum from a legacy RAT to an advanced RAT permanently in a whole network or in a certain geographical area, when the difference between them in terms of traffic demand reaches a certain level.  It is understood that spectrum refarming needs a careful network planning including network analysis, parameter audit, neighbour planning, frequency plan, network optimization and drive test. To avoid interference between refarmed area and unrefarmed area, usually some buffer zones should be planned.
The refarming granularity is relevant to the type of RAT. 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 the minimum size of a spectrum hole can be of, e.g., 1.4MHz.

Option 2: Semi-static spectrum re-allocation (SSSR)
Semi-static reallocation requires that some planned radio resource usage schemes are configured in the network, where, e.g. each plan is used for a particular capacity requirement (in this case, when the capacity requirement changes, the network would apply a new plan). Each plan defines a particular allocation of spectrum resources to each RAT. In a particular plan, a spectrum resource (defined in space, frequency and time) is allocated to one RAT only. The shared area is defined as the area where the spectrum may be allocated to more than one RAT under different plans.
-
Each plan may also include a buffer zone around the geographical RAT boundaries to avoid interference between different RATs using the shared spectrum. However, such buffer zones in some cases may also result in inefficient use of spectrum.

-
If the plan assumes existence of shared areas, it may also coordinate spectrum resource usage schemes (e.g. in frequency or time domains). One of the RATs (e.g. the legacy RAT) could be given priority according to e.g. operator policy. 
-
The planned schemes are set in a centralized manner (e.g. by OAM). Triggering of the scheme change could be initiated in a centralised manner (e.g. by OAM), or in a distributed manner (e.g. as a scheme change notification exchanged among peer network entities like BSC, RNC and eNB).
-
The frequency of change of resource usage schemes must be limited (i.e., once per hours or per day) because extra delay is necessary to execute it (due to, e.g., cell reset or termination of active sessions) with potential negative effects on service continuity.
6.1.3
Evaluations
Evaluation of Option 1 (SSR)
Advantages
-
Mature solution
Drawbacks
-
It requires network analysis (when/where to do refarming), network planning (neighbor lists, frequency planning), and network optimization.
Evaluation of Option 2 (SSSR)
Advantages
Drawbacks
-
It may use large numbers of network plans which are chosen automatically by the network. Detecting and fixing network quality problems (e.g. dropped calls, poor call quality in certain areas) can be very challenging for the operator.

-
In order to avoid ISI, it may also require grouping the cells into coordination clusters where each cell within a cluster uses the same spectrum configuration (thus having relatively similar load patterns). Creating coordination clusters requires network analysis and parameter auditing efforts.
END OF TEXT PROPOSAL
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