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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 some planned radio resource usage schemes was agreed in [1]. In shared areas, the spectrum resource coordination is needed to avoid the inter-RAT interference in the shared areas.

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

For the UMTS/LTE semi-static spectrum reallocation mechanism, the cells may change the RAT from UMTS to LTE temporary in local areas, and vice versa. In the edge of the two specific plans, the inter-RAT interference must be considered carefully, as shown in Figure 1. 
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Figure 1.UMTS/LTE inter-RAT interference issue

Type 1: Uplink U/L inter-RAT interference issue

In uplink, power control is used to overcome near-far effect and compensate the path loss in UMTS and LTE. The power control/interference control function is designed in intra-RAT domain. However, the inter-cell interference control function like intra-UMTS (RTWP control) and intra-LTE (OI control) are only effective in intra-system environment, but not effective when neighbouring cell is inter-RAT cell in U/L semi-static spectrum reallocation scenario. 

In the shared area, when LTE UEs have high output power are close to the UMTS cell, the UMTS RTWP ramps and the RTWP control is triggered. However the RTWP control only suppresses the output power of the UEs in its own cell, which may cause outage in the victim UMTS cell.
Therefore, it is necessary to discuss the inter-RAT interference in uplink.

Type 2: Downlink U/L inter-RAT interference issue

In downlink, UMTS cell and LTE cell have similar maximum output power. The downlink performance of UMTS or LTE can be ensured if the neighbouring cell is UMTS or LTE, as long as the neighbour cell’s output power is restricted by the same threshold, e.g. 43dBm. So in downlink, the inter-cell inter-RAT interference has no difference with intra-RAT interference, and therefore no extra actions are required.
2.1   Option 1: buffer zone
One simple way to resolve the inter-RAT interference is to plan a buffer zone between two RATs, as depicted in Figure 3. The buffer zone solution is to separate the inter-RAT interference in space domain. In the buffer zone area, neither LTE nor UMTS can use the shared spectrum, which causes a waste of resource.
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Figure 2.Buffer zone solution

In the UMTS/LTE semi-static spectrum reallocation solution, when L2 in Figure 3 uses the spectrum F2 as LTE while U1 uses the spectrum F2 as UTMS, in order to avoid causing the potential high and uncontrollable uplink interference to inter-RAT neighbours, the buffer zone area of e.g. one cell width can be used.

2.2   Option 2: partial buffer zone
In order to reduce the spectrum waste in Option 1, the enhanced solution which only employs partial buffer zone can be considered as shown in Figure 4. In this option, for the shared spectrum of F2, the involved inter-RAT cells of U1’ and L2’ only use the F2 in a restricted area, avoid scheduling the UEs close to the inter-RAT neighbours which results in a suppressed inter-RAT interference at the cell edge.
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Figure 3.Partial Buffer Zone
To realize this partial buffer zone function, either handover based or carrier aggregation based mechanisms can be used. Take LTE as an example, possible solutions are:

· Cell L2 and cell L2’ are different cells, and the F2 is the capacity layer of the LTE. UEs can be moved to L2’ when they are far away to the U1’, and moves back to L2 when they becomes close to U1’. 

· L2 and L2’ is one cell which has 10MHz bandwidth, for those UEs close to the L1/U1’, only the 5MHz of F1 can be scheduled; while for those UEs faraway to the L1/U1’, all the 10MHz bandwidth can be scheduled.

· L2 and L2’ are different cells, UEs in L2 adds the L2’ as carrier aggregation SCell. Only for those UEs faraway to the L1/U1’, the SCell resource (F2) can be scheduled.

This solution can reduce the spectrum waste of buffer zone option and improve the spectrum usage, but the main drawback of this solution is that there is still a waste of the shared spectrum because of the “partial buffer zone”.
In order to effectively separate the inter-RAT interference, the cell border should be controlled carefully. To realize this, the victim cell suffering high inter-cell interference shall transmit the required control threshold to the inter-RAT neighbour, to restrict the scheduling of UEs in them. The transmitted information could be UE path loss threshold or RSRP threshold in LTE cell, or the path loss difference threshold between LTE cell and the victim UMTS cell.
2.3   Option 3: inter-RAT joint power control
The main idea of this option is to extend the uplink inter-cell interference control in UMTS and LTE to the inter-RAT domain. Since UMTS UE and LTE UE doesn’t have big difference in maximum output power level, the only action needs to be added is to require the neighbouring inter-RAT cell to restrict the output power of the UEs causing the interference. The addition of a new inter-RAT message for this option is shown in Figure 5. When UMTS RTWP or LTE IoT is high and triggers the interference control, the inter-RAT information exchange is needed for interference coordination. The other RAT should decrease the UL transmit power in the neighbouring cell by intra-RAT power control. This solution can easily solve the inter-RAT interference unbalance problem in U/L semi-static spectrum reallocation, while not causing spectrum waste. The performance is also related to the frequency of the information exchange, i.e. better performance with more immediate information exchange. For this solution, the information exchange can reuse the existing information in intra-RAT scenario, such as the RTWP value in UMTS system, and IoT value (high, middle, low in OI message) in LTE system. 
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Figure 4.U/L inter-RAT joint power control
3   Conclusion / Proposals
In this contribution, we discussed the U/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 U/L spectrum reallocation and corresponding TP.

4   Reference

[1] 3GPP TR37.870, “Study on Multi-RAT joint coordination (Release 13)”.
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 UMTS/LTE spectrum reallocation, which apply different plans, the inter-site inter-RAT interference appears. In uplink, when LTE UEs have high output power are close to the UMTS cell, the UMTS RTWP ramps and the RTWP control is triggered. However the RTWP control only suppress the output power of the UEs in its own cell, which may cause outage in the victim UMTS cell. Therefore it is necessary to resolve the uplink interference issue. There are three possible ways for interference coordination, via traditional buffer zone, or partial buffer zone, or via inter-RAT joint power control.

Partial buffer zone is to control the cell border according to the interference level from the other RAT. The victim cell suffering high inter-cell interference shall transmit the required control threshold to the inter-RAT neighbour, to restrict the scheduling of UEs in the other RAT. The transmitted information could be UE path loss threshold or RSRP threshold in LTE cell, or the path loss difference threshold between LTE cell and the victim UMTS cell.
Inter-RAT joint power control is to extend the uplink power control in UMTS and LTE to the inter-RAT domain. Since UMTS UE and LTE UE doesn’t have big difference in maximum output power level, it only requires the neighbouring inter-RAT cell to restrict the output power of the interference causing UEs. When UMTS RTWP or LTE IoT is high and triggers the interference control, the interfered RAT sends the interference coordination request to the other RAT. The other RAT should decrease the UL transmit power in the neighbouring by intra-RAT power control. The coordination request information can be the existing information in intra-RAT scenario, such as the RTWP value in UMTS system, and IoT value (high, middle, low in OI message) in LTE system.
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