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1 Introduction 
Work item to specify BS and UE requirements supporting Contiguous Carrier Aggregation with 3 component carriers were setup in [1]. Although the WI scope covers DL only, the UE receiver requirements in case of CA are specified per carrier aggregation bandwidth class, in which the channel spacing and guard band are two indispensable components that shall be clearly specified [2-9]. 

Furthermore, the carrier aggregation bandwidth class is also the fundamental parameter for UE transmitter requirements, particularly to determine the boundary for applicable SEM, ACLR, and spurious emission requirements. Therefore, it’s necessary to taking the impacts on transmitter requirements into account to avoid unintentionally introducing undesirable problems for future work on transmitter requirements although the requirements themselves are out of the scope of existing WI.
In this paper, we discuss and propose the solutions for channel spacing and guard band concerning contiguous carrier aggregation with 3 or more carriers.
2 Discussion
2.1 Carrier Spacing
The carrier spacing for contiguous carriers shall be specified for any two adjacent carriers only. The carrier spacing between non-adjacent carriers can be uniquely determined based on the frequency spacing between any adjacent carriers. 

The current specification allows the actual carrier spacing to be varying between the nominal carrier spacing and the minimum carrier spacing, and this is stated in Subclause 5.7.1A in TS36.101 as

“The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario” 

By this statement, it’s clear that the existing requirements are applicable to any carrier spacing including the nominal carrier spacing and the minimum carrier spacing. Therefore, one of the way-forward suggested in [8], “develop selected core and performance requirements and tests also for minimal channel spacing” is a valid and reasonable approach to move forward.
By further review of the existing UE receiver requirements, it’s found that the channel edge is used as the reference point for UE receiver requirements for CA Class C. The same approach can be employed for CA Class D. The UE receiver requirements are specified in a way that there should be no problem to be applicable for any carrier spacing including nominal carrier spacing and minimum carrier spacing.

For UE transmitter requirement which may not be within the scope of existing WI, the spectrum emission mask was specified also with reference to the channel edge of the aggregated channel bandwidth. Although the shape of the emission mask is specified according to the nominal channel spacing, there is no problem to apply the defined SEM for the minimum carrier spacing, giving the required PA power back-off (or MPR/A-MPR) is smaller at minimum carrier spacing than that at nominal carrier spacing. 
There is a minor issue with the boundary between the OOB domain and spurious emission domain where a frequency offset of 5MHz+aggregated channel bandwidth, or BWChannel_CA+5MHz is used as the boundary with regards to the channel edge. As aggregated channel bandwidth is varying according to the actual carrier spacing, the boundary between OOB domain and spurious emission domain could also be varying. It’s necessary to add a second note in sub-clause 6.6.3.1A in TS36.101 to clearly state that 

NOTE 2:
BWChannel_CA is based on nominal carrier spacing. The requirements specified in present sub-clause are applicable for carrier spacing being the minimum carrier spacing.
In summary, the carrier spacing for carrier aggregation of contiguous carriers shall be specified in the following way by modifying the existing texts:
For carrier aggregation of contiguous carriers, the nominal channel spacing between any two adjacent E-UTRA component carriers is defined as the following:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective adjacent E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.


The suggested changes are technically identical to the proposal in [4], however we would like to use different wording as “contiguous carriers” are defined term which covers not only intra-band contiguous carrier aggregation, but also intra-band non-contiguous carrier aggregation with contiguous carriers in one or more sub-block. 
2.2 Problems with the recently added statement on intra-band non-contiguous CA
There was one short paragraph added on carrier spacing for intra-band non-contiguous CA:
“For intra-band non-contiguous carrier aggregation the minimum channel spacing between E-UTRA component carriers shall be larger than the nominal channel spacing defined in this subclause.”
This statement is problematic as it seems to indicate that carrier spacing in case of intra-band non-contiguous CA would be something different from what has been specified between nominal carrier spacing and minimum carrier spacing. This is not true in case of aggregation of contiguous carriers in one sub-block. This sentence shall be removed as suggested in [3].
2.3 Carrier combination and carrier placement
Guard-band is related with carrier combination and carrier placement. There could be different carrier placements with 3 component carriers. We would like to point out that carrier placements shall not be specified in an exhaustive way for some of the carrier combinations. This particularly refers to the following 2 cases:  combination of 3 carriers in which 2 of the component carriers are identical, and all the 3 carriers are different.

2.3.1 Case 1: 2 out of the 3 CC(s) are identical
This includes the follows:
10MHz+20MHz+20MHz

15MHz+15MHz+20MHz
15MHz+20MHz+20MHz

Please be noted that best carrier placement of those 3 components carrier is to make them as symmetric with regards to an empty central carrier for the following benefits
1> DC interference at UE receiver is avoided.

2>Total aggregated channel bandwidth is minimized. 

3>Same aggregated channel bandwidth for Downlink and Uplink.

4>Reduced the testing complexity by removing the other combinations.

Therefore, only the following combination shall be supported in case of 3 carriers with 2 of the component carriers are identical:

20MHz+10MHz+20MHz

15MHz+20MHz+15MHz
20MHz+15MHz+20MHz

2.3.2 Case 2: All the 3 CC(s) are different
In case of the 3 component carriers are 10MHz, 15MHz, and 20MHz, there are 6 different placements, such as 10+15+20, 10+20+15, 15+20+10, 15+10+20, 20+10+15, and 20+15+10. The question is whether all the 6 carrier placements shall be supported. Supporting of all the 6 combinations would increase the design and testing complexity, especially considering the memory effects of nonlinearity which result in unsymmetrical spectrum. Only one carrier placement in all the combinations shall be supported, which is the one have the minimum aggregated channel bandwidth. In this case, it should be 15+20+10.
2.4 Guard-band

With the determination of the carrier combination and placement, the guard band shall be 5% of maximum channel bandwidth at the channel edge, or 0.05 ma x(BWLowest_carrier, BWHighest_carrier), where BWLowest_carrier, BWHighest_carrier are the channel bandwidth(s) of the lowest carrier and the highest carrier.
3 Conclusions and proposals

We have the following proposals:
1) Nominal carrier spacing shall be specified for any adjacent E-UTRA carriers in case of carrier aggregation of contiguous carriers. It is understood that the requirements apply to nominal carrier spacing as well as minimum carrier spacing. 
2) In case of aggregation of 3 component carriers, not all the carrier placements shall be supported and tested for each combination. Only one carrier placements shall be supported for each combination. For example, in case of aggregation of 10, 20, and 20MHz, only 20+10+20 shall be supported.

3) The guard band shall be 5% of maximum channel bandwidth at the channel edge, or 0.05 max(BWLowest_carrier, BWHighest_carrier).
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