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1   Introduction
During the Multi-RAT joint coordination discussion in RAN3#84 meeting, the use cases of spectrum holes have been captured in [1] for further study. For the solutions, static, semi-static, and dynamic spectrum reallocation are describes in [2], in which the concerns of interference issue between RATs is worth consideration.
In this contribution, the inter-RAT interference issue is analyzed for all the spectrum reallocation solutions.
2   Discussion
2.1   Static spectrum reallocation (spectrum refarming)
Spectrum refarming usually refarms a certain range of frequency for legacy RAT to advanced RAT in the whole network, and separates the inter-RAT interference thoroughly. For refarming between two large areas e.g. cities, a large scale buffer zone between two areas is used to separate inter-RAT interference, so no inter-RAT interference coordination mechanism is necessary in this solution.
2.2   Semi-Static spectrum re-allocation

The interference problem is different depending on the involved RATs, and in the following sections we analyze the interference issue in G/L and U/L respectively.
2.2.1   G/L semi-static spectrum re-allocation
The G/L semi-static spectrum re-allocation solution re-allocates the spectrum between GSM and LTE in space granularity of cell cluster level. Within the cluster, inter-RAT interference is separated by fixed frequency division, and doesn’t need to be considered. While at the cluster edge, spectrum overlap may appear and inter-RAT interference for the overlapped bandwidth requires inter-RAT interference coordination.
Interference analysis of different GSM channels:
· BCCH: GSM BCCH is deployed in the dedicated spectrum, there’s no LTE interference to the GSM BCCH.

· TCH: GSM TCH is also protected from LTE interference, for intra-cluster GSM TCH, LTE interference will not leak to GSM TCH, for either uplink or downlink. For the inter-cluster GSM TCH, LTE signal from the neighbour LTE cell is very low in power density comparing to GSM, together with inter-RAT coordination for the possible overlapped spectrum, the LTE will not cause serious interference to GSM TCH.

Interference analysis of different LTE channels:

· PSS/SSS: the SCC using the shared spectrum and the PCC using LTE dedicate spectrum is strictly synchronized.LTE PSS/SSS is protected from GSM interference since no intra band GSM interference exists.
· PBCH: when adding the SCell in shared spectrum, all the necessary system information is transmitted in the RRC signalling from PCell, so PBCH is not required (Section 7.5 in [3]).

· PCFICH/PDCCH/PHICH: all these UE dedicate downlink control channels can be transmitted from PCell, and is not required in the SCC (Section 11.1 in [3]).
· PDSCH/PUSCH: the SCHs in SCC are scheduled in SCell, and the inter-cell GSM interference impact to the performance may be coordinated at the cluster border.
· PUCCH: the LTE PUCCH only exists in the PCC, not interfered by GSM (Section 5.2.3 in [3]).
From the analysis above, since LTE uses the SCC to share spectrum with GSM, all the control channels can go through the PCC and only SCHs are using the shared spectrum. Inter-RAT coordination is only required at cluster border for LTE SCHs and GSM TCHs. The coordination could be in frequency domain or in time domain, as shown in Figure 1. For the overlapped spectrum, in one time only one RAT can use each resource, to avoid the inter-RAT interference. 
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Figure 1.Inter-RAT interference coordination
2.2.2   U/L semi-static spectrum re-allocation
For the inter-RAT interference analysis of U/L semi-static spectrum re-allocation when UMTS and LTE cells are closely neighbouring to each other without any guard band, the target is to deal with the unbalanced inter-RAT interference strength in uplink. 

As depicted in Figure 2, for U-U case of (a), cell edge users usually have two connection, U1 and U2 both have RTWP control to avoid the inter-cell interference competing. While for U-L case of (b), in order to avoid the inter-cell power competing in uplink, the U1 cell should take cell edge LTE users into account when controlling the U1 RTWP, when decreasing U1 RTWP, L1 edge users’ transmission power also can be reduced. For LTE, OI like procedure inter-cell interference control also can involve neighbouring U1. 
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Figure 2.cell edge power coordination for U/L semi-static spectrum re-allocation
Another solution to deal with the unbalanced inter-RAT interference at U/L cell edge is shown in Figure 3, for the sharing spectrum, the U cell and L cell using the shared spectrum can be shrink. This means the users at U/L edge area will not exist so the inter-RAT interference can be removed. The implementation of this solution could be:

· Modify the handover trigger thresholds to trigger inter-frequency handover earlier, before UE enter into the inter-RAT area (U1-L2’ edge in Figure 3);

· Use the shared spectrum carrier as the secondary carrier, when UE enters the inter-RAT area, avoid the uplink scheduling in the secondary carrier (L2’ in Figure 3) and avoid the strong interference to the neighboring inter-RAT cell;

· For LTE, if L2 and L2’ in Figure 3 belong to one cell L2, L2 can schedule the users at U1-L2 edge with the LTE dedicate spectrum resource, and avoid the strong interference to U1.
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Figure 3.Cell coverage shrink for U/L semi-static spectrum re-allocation
2.3   Dynamic spectrum re-allocation
Similar as semi-static solution, the interference issue is analyzed between G/L and U/L respectfully. 
2.3.1   G/L full-dynamic spectrum re-allocation
Interference analysis of different GSM channels:

· BCCH: GSM BCCH is deployed in the dedicated spectrum, there’s no LTE interference to the GSM BCCH.

· TCH: GSM TCH and LTE signals are neighboured, in order to avoid the impact of LTE interference leakage to the neighbouring GSM TCH, a coordinated manner which may require several PRB of guard band.

Interference analysis of different LTE channels:

· PSS/SSS: the SCC using the shared spectrum and the PCC using LTE dedicate spectrum is strictly synchronized. GSM can avoid the usage of spectrum on which LTE PSS/SSS located, then the LTE PSS/SSS would be protected.

· PBCH: when adding the SCell in shared spectrum, all the necessary system information is transmitted in the RRC signalling from PCell, so PBCH is also not required (Section 7.5 in [3]).

· PCFICH/PDCCH/PHICH: all these UE dedicate downlink control channels can be transmitted from PCell, and is not required in the SCC (Section 11.1 in [3]).

· PDSCH/PUSCH: the SCHs in SCC can be scheduled in SCell, and the intra-cell GSM interference is coordinated by scheduling (several PRB guard band), and inter-cell GSM interference impact to the performance is also coordinated at the cell/cluster border.

· PUCCH: the LTE PUCCH only exists in the PCC, and is not interfered by GSM (Section 5.2.3 in [3]).
From the analysis above, since LTE use the SCC to share spectrum with GSM, all the control channels can go through the PCC and only SCHs are using the shared spectrum. The spectral efficiency of the SCHs can be improved by interference coordination with GSM, similar as the coordination solution description in Section 2.2.1.
2.3.2   U/L full-dynamic spectrum re-allocation
The inter-cell inter-RAT interference in uplink when the neighbouring cells can be controlled by joint power control like in the semi-static solution. For the analysis of UMTS channel interruption:

· PSS/SSS: UMTS UE keeps synchronized in primary carriers, primary carrier and secondary are strictly  synchronized too, re-synchronization in secondary carrier is not required, so the interruption of UMTS PSS/SSS will not cause problems;

· CPICH/DPCCH/DPDCH: UMTS keeps radio link monitor in the primary carrier (Section 8.5.6 in [4]), and all the SRB go through primary carrier too, so the interruption of these channels will not cause problems;

For the analysis of LTE channel interruption:

· CRS: since in UMTS timeslots no PDSCH will be used, and the radio link monitor is kept in the primary carrier (Section 5.3.11.1 in [5]), the missing of CRS will not cause any problem to LTE UE; 
· PSS/SSS: LTE UE keeps synchronized in primary carriers, primary carrier and secondary are strictly  synchronized too,  so the interruption of LTE PSS/SSS will not cause problems;
· PBCH: when adding the SCell in shared spectrum, all the necessary system information is transmitted in the RRC signalling from PCell, so PBCH is not required (Section 7.5 in [3]);
· PDCCH/PCFICH: LTE UE will not be scheduled in UMTS timeslots, so the interruption of downlink control channels in UMTS timeslots will not cause problems to the LTE UE;

· PUCCH: PUCCH does not occur in LTE secondary carrier, so there’s no impact (Section 5.2.3 in [3]);

· PHICH: for those PHICH that could occur in UMTS timeslots, the corresponding of PUSCH scheduling can use cross-carrier scheduling, then these PHICH may go through primary carrier.
From the analysis above, there is no interference issue if joint power control is used. The only issue if at the beginning of the timeslots, the instance CQI measurements could involve the influence from previous intra-cell inter-RAT interference. However, this influence only exists at the beginning (a few milliseconds) and can be solved by implementation such as LTE differentiated CQI reporting, CQI adjustment etc.

3   Conclusion
In this contribution, we discuss the interference issue for the different DSR solutions. The conclusion is there’s no inter-RAT interference risk for essential channels of involved RATs with inter-RAT interference coordination (similar as ICIC/eICIC mechanisms in LTE). 
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