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1   Introduction
During the Multi-RAT joint coordination discussion in RAN3#85 meeting, the semi-static spectrum reallocation solution based on planned radio resource usage schemes was agreed in [1]. In shared areas, spectrum resource coordination is needed to avoid the inter-RAT interference in the shared areas.

This contribution discusses the inter-RAT interference issue for GSM/LTE case and gives possible coordination solutions.
2   Discussion

For the GSM/LTE semi-static spectrum reallocation mechanism, LTE can change the bandwidth occupation by changing the system bandwidth or combination of carriers in a semi-static manner. And different clusters may use different spectrum division between GSM and LTE. The interference issue that appears in this scenario can be illustrated as in Figure 1. 
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Figure 1.GSM/LTE inter-RAT interference issue
Here we find the inter-RAT interference issue appears between GSM and LTE in the overlapped spectrum range of G/L between two clusters.
G/L inter-RAT interference between clusters 

In the border of clusters, if the spectrum allocated to LTE in cluster A is allocated to GSM at a neighbouring cluster B, inter-site inter-RAT interference appears.  The following section gives the possible solutions to resolve this inter-RAT interference.
2.1   Option 1: buffer zone
One simple way to resolve this is planning a buffer zone between two RATs, as depicted in Figure 2. The buffer zone solution is to separate the inter-RAT interference in space domain, in a planned manner. In the buffer zone area, neither LTE nor GSM can use the shared spectrum, which result in a waste of resource.

[image: image2.png]Shared

LTE
Cluster Buffer |Cluster
A zone B




[image: image3.png]Buffer zone





Figure 2.Buffer zone solution
The main drawback of the buffer zone solution is a wide area waste of spectrum resource. The propagation character of the wireless signal is shown as Figure 3, in which for the area close to the BS (base station) the signal strength drop rate is sharp, while in the faraway area the signal strength drop rate is very smooth. So in order to avoid the impact of inter-RAT signal interference, the buffer zone area is required to be very large. Assuming as an example a GSM downlink transmission power = 43dBm, and that the inter-RAT interference is required to be < -110dBm, then in an ISD 500m case, the buffer zone is required to be about 4km (given A=128.1, B=37.6). 
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Figure 3.Pathloss drop rate with distance
2.2   Option 2: inter-RAT interference coordination
In order to avoid the spectrum resource waste, inter-RAT interference coordination can be used to avoid the inter-RAT interference in the shared spectrum, as depicted in Figure 4. Each LTE cell in the buffer zone area can make use of the overlapped spectrum in a coordinated manner with the neighbouring GSM cells within its coordination area. For those LTE cells close to the Cluster B with more GSM cells involved in the coordination area, less resource are left for LTE. And for those cells farer away to Cluster B, less GSM cell need to be coordinated and more resource are available for LTE. After a certain distance (usual buffer zone width), all the overlapped spectrums can be used by LTE.
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Figure 4.Inter-RAT coordination with neighbour cell

In this coordination manner, inter-RAT information should be exchanged between GSM and LTE, each GSM cell within the cluster B is assigned with the fixed TCH configuration, and its assigned resource in frequency domain or time domain is also planned (for example TCH 1, 2, 3 in time period of 8:00~15:00, and TCH 1 for other hours), with these information exchange, LTE eNB can combine the GSM frequency usage by the involved cells and their planed allocations. 
For the frequency domain coordination of inter-RAT interference, because the direct resource collision is avoided, the impact of inter-RAT interference is only the interference leakage from the neighbouring frequency resource. The leakage drops about 25~30dB after 200 kHz, as shown in Figure 6 [2]. For the GSM/LTE scenario, also assuming GSM downlink transmission power = 43dBm, and the inter-RAT interference is required to be < -110dBm, then in ISD 500m case the buffer zone can be minimized to zero (given A=128.1, B=37.6). It means that thanks to the inter-RAT interference coordination, the shared spectrum in the buffer zone can be used. Spectrum usage is increased compares to Option 1.
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Figure 6.Interference leakage estimation
3   Conclusion / Proposals
In this contribution, we discussed the G/L inter-RAT interference issue in the semi-static spectrum reallocation solution. It is proposed RAN3 to agree the following proposal:

Proposal 1: it is proposed RAN3 to confirm the interference issue for G/L spectrum reallocation and corresponding TP.
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5   Text Proposals

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
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

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).
In the border of clusters of GSM/LTE spectrum reallocation, which apply different plans, the inter-site inter-RAT interference appears.  There are two possible ways for interference coordination, either via traditional buffer zone or via inter-RAT information exchange for interference coordination. The following figure shows the mechanism for interference coordination. Each LTE cell in the buffer zone area can make use of the overlapped spectrum in a coordinated manner with the neighboring GSM cells within its coordination area. For those LTE cells close to the Cluster B with more GSM cells involved in the coordination area, less resource are left for LTE. And for those cells farer away to Cluster B, less GSM cell need to be coordinated and more resource are available for LTE. After certain distance (usual buffer zone width), all the overlapped spectrums can be used by LTE.
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Figure 6.1.2-1.Inter-RAT coordination with neighbour cell

In this coordination manner, inter-RAT information should be exchanged between GSM and LTE, each GSM cell within the cluster B is assigned with the fixed TCH configuration, and its assigned resource in frequency domain or time domain is also planned (for example TCH 1, 2, 3 in time period of 8:00~15:00, and TCH 1 for other hours), with these information exchange, LTE eNB can combine the GSM frequency usage by the involved cells and their planed allocations. 
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