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1 Introduction
The choice of channel spacing for contiguous carrier aggregation has raised intensive discussions in last meeting. In this contribution, we also analyzed adjacent CCs’ interference scenarios and give our proposals.
2   Analysis
In RAN4 Adhoc#3, a way forward for the nominal channel spacing was agreed in [1] as follows below:
1. the channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios; 
2. studies  for UE RF requirements until next meeting should be focused on 2 values for CC spacing:
a. minimum spacing;
b. close to Rel-8 spacing (rounded downwards to 300 kHz grid);
3. the aim is to specify ultimately UE RF requirements for one nominal channel spacing (not excluding other spacing in system deployment).
Above two options of CC spacing values, each has its merits and demerits, as summarized below:
· Option1: Minimum channel spacing

This choice assign adjacent CCs as compact as possible with transitional band between CCs almost zero (not over 300kHz). 
Merit: Lowest IFFT/FFT points and ADC bandwidths, lowest aggregated channel bandwidth
Demerit: Unavoidable Adjacent CCs’ interference in some deployment scenarios 
· Option2: close to Rel-8 spacing  (rounded downwards to 300 kHz grid);
The guardband between adjacent CCs’ is close to Rel-8, for example for two 20MHz CCs, the guardband between them is 1.8MHz.

Merit: Keeping enough guardband between CCs to guarantee adjacent channel interference level not over Rel-8’s level at least;  
Demerit: Increase the implementation complexity , lower spectral efficiency as aggregated channel bandwidth increased .
In RAN4#56 meeting, many companies evaluate  OOB emissions based on these two options, and simulation results show that there is no obvious difference between them. However, we should figure out the primary factor on channel spacing is adjacent CCs’ interference, not OOB emissions requirements. The disputed issue is the rationality of the interference scenarios and whether receiver performance loss is reasonable or not. In this chapter we analyze the rationality and receiver performance influence of different interference scenarios as discussed in [2] and [3].

2.1 Scenario1: Rel-8 UEs camping in LTE-A network
As shown in figure 1 below, in a LTE-A network, two UEs camp in CC1 and CC2 separately, both of them can be legacy UE or LTE-A UEs.  Scenario1 is a common scenario in LTE-A Rel-10, as per CC in CA is compatible down wards with Rel8/9. 
From DL point of view, since DL signals for adjacent CCs are synchronous and keep orthogonality in frequency domain, the influence in UE receiver performance of adjacent CCs’ interference should be neglectable .  
From UL point of view, as UL signals from different UEs in adjacent CCs can not keep absolute synchronization, the impact of UL interference is more serious than DL. However, the influence is still limited since timing error is tiny as timing requirements constrained in TS36.133 chanter 7.1. Moreover, eNodeB can adjust UL signals from different UEs. It is in fact similar to Rel-8 scenarios: two UL signals camp in the same eNodeB with different RBs allocation in the channel bandwidth. In this case, restrict UL signals interference in the channel bandwidth by means of in-band emission requirements. For a LTE-A UE we can also define in-band emission requirements over the aggregated channel bandwidth to restrict adjacent CCs’ interference. For Rel-8 UE, OOB requirements can restrict the interference to adjacent CC out of channel bandwidth, but the 2MHz on the edge between CCs can not be guaranteed. We should evaluate UL receiver performance influence assuming two Rel-8 UEs camping in two CCs separately as the most serious scenarios. 
To sum up, for scenario1, since UEs camp in the same network, CCs are synchronous and orthogonal in frequency domain. Then, the influence in UE receiver performance is neglectable. 
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Figure1: Scenario1-Rel-8 UEs camping in LTE-A network

2.2 Scenario2: Rel-8 eNodeB assigned in one of CCs

As show in figure 2 below, with a LTE-A network, there is also a Rel-8 eNodeB assigned in CC 2. This scenario is realistic and can exist in many deployment scenarios:

· Rel-10 networks assigned gradually co-exist with legacy eNBs

· Deployment boundaries
· Rel-10 networks assigned in hotspots with a Rel-8 macro-cell co-existence
· Het Net Scenarios
In these scenarios, as DL/UL signals in adjacent CCs are from different eNodeBs, synchronization and orthogonality can not hold between them. 
As shown in figure 3, in Rel-8/9 network, two adjacent CCs (eNBs) has 2MHz separation. Adjacent CCs’ interferences in DL and UL are studied in co-existence research and can be guaranteed by ACLR and ACS requirements which are satisfied by TX/RX filters as there are a transitional band between adjacent channels.  

However, in LTE-A, if we assign adjacent CCs compact with nearly zero guard band , the interference from adjacent CCs could be serious and unavoidable, especially for edge RBs. The interference could be severe since UCI in UL is usually assigned in channel edge and TX/RX filter can not work effectively in these areas. The system performance loss is serious without guard band between adjacent CCs from UE ACS test view as evaluated in [2]. 
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Figure2: Scenario2-Rel-8 eNodeB assigned in one of CCs
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Figure 3：Adjacent Channel Interference in Rel-8 

Based on the analysis above, we can conclude that we should keep some guard band between adjacent CCs in order to decrease adjacent CCs’ interference. Moreover, the reserved guard band can be used by additional small carrier to improve spectrum efficiency in some deployment scenarios such as in later Release 11 when chances of interference scenario 2 not longer typical or even exist. Overall, we think option 2 has advantages from the flexibility of network operation. 
But the values of guard band between CCs need further research. The option2: keep Rel-8 guard band can also cause some problems especially in future releases:
· For 30MHz scenario (15MHz +15MHz), there are only 1.5MHz reserved for edge guard band, or we should improved the aggregated channel bandwidth to 30.5MHz (However this may have some problems since spectrum is usually auctioned in fix blocks)

· For 50MHz scenario(5MHz + 20MHz +20MHz +5MHz), there are only 0.5MHz reserved for edge guard band.
· For 60MHz,80MHz scenario, if keeping Rel-8 channel spacing , there are only 2MHz reserved for edge guard band ;

As guard band between CCs take over spectrum resources, we should increase overall aggregated channel bandwidth or reduce edge guard band (implementation complexity increased). We should notice that the Rel-8 guard band is calculated by 90% spectrum efficiency which is a RAN1 decision.  For large channel bandwidth (such as 10MHz, 20MHz), the large guard band is unnecessary from implementation view.  If we keep the same value as in Rel-8, it will cause spectrum waste unnecessary as the influence of adjacent channel interference in LTE-A network is less than in Rel-8.
The specific values for the reserved guard band need further study considering the flexible network operation, specification workload , system performance influence and spectrum efficiency.

3   Conclusion
In this contribution, first we analyze the rationality and receiver performance influence of different interference scenarios. We conclude that some guard band need to be reserve to decrease adjacent CCs’ interference and the specific values for the reserved guard band need further study considering the flexible network operation, specification workload , system performance influence and spectrum efficiency.
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