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1. Introduction
The mmWave NC CA ACS/IBB problem was raised in [1] and no conclusion was reached in the TP [2]. It was discussed further in the last meeting [3] and WF [4] was approved to have more discussion. This contribution provides the views from our company based on some further analysis.
2. Discussion
2.1 mmWave NC CA structure and sub-6 NC CA structure

For sub-6 NC CA RF receiver structure, there was common understanding that the structure similar with Figure 1 is used.
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Figure 1: sub-6 intra-band NC CA Rx reference architecture, copied from [3]

Rx signal is divided after LNA and separate LPF is used for each sub-block. Therefore, for sub-6 NC CA ACS/IBB, single carrier requirements can still apply without problem.

For mmWave intra-band NC CA support, there could be two choices for the structure. The more powerful solution is totally separated RF chain including LNA, LPF and ADC, but as mmWave single carrier already needs several RF chains to have beamforming gain, making the RF chains number double is not always a good choice for all of the NC CA scenarios considering the cost, space and power consumption. Thus if the CC separation is not so large, one RF chain but several BB paths can support NC CA. The structure concept was figured in [1] and copied as following,
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Figure 2: Single RF chain to support mmWave intra-band NC CA, copied from [1]
In the figure, “Down-converter” includes RF and IF and the “BB Filter” is the analog BB LPF which can help to attenuate part of ACS and IBB interference. When the carriers before BB filter is two or more separated sub-blocks, the attenuation to the interference to each block can’t be guaranteed. For the in-gap interference, no attenuation exists at all. For out-of-gap interference, the attenuation existing or not is according to the CC separation and the CC CBW. If the sub-blocks are at the edge of the BB filter, there’s attenuation for the out-of-gap interference, otherwise fundamentally no attenuation as in-gap case.
Based on the above analysis, we think the same approach with sub-6 NC CA ACS/IB can’t be used for mmWave.

Observation 1: The mmWave intra-band NC CA Rx architecture is different with sub-6 GHz, therefore the ACS/IBB requirement for NC CA should be reconsidered.
2.2 NC CA ACS/IBB requirements
For the requirements, we did some evaluation and have the same proposal with [1] as following,
Proposal 1: For mmWave intra-band non-contiguous CA, the ACS is relaxed 8 dB compared with single carrier ACS, the IBB is relaxed 14.5 dB compared with single carrier IBB.

Furthermore, the requirements should apply to in-gap and out-of-gap interference for the sub-blocks.

Proposal 2: The requirements proposed in proposal 1 apply to the in-gap and out-of-gap interference cases.
2.3 Specification consideration
For the ACS/IBB for CA, there’re already some requirements specified in the latest spec [6]. However, they’re specified before the specific band combinations are proposed. Therefore, it should be careful that some requirements may not be achieved when the aggregated bandwidth is large or the NC CA GAP is large. 
Observation 2: The CA requirements are introduced in general, it should be revisited when some specific band combinations with implementation difficulties are identified.
Furthermore, the current NC CA band combination proposals are very unclear in the latest WID. NC CA proposals are more confusing, for example n257 non-contiguous, no information on the number of CC, GAP and largest CC separation. UE needs to know the detail information if UE is planned to support it. For example, if the spectrum GAP is very large such as > 2GHz, UE may not support this CA at all. When there’s no detail information, UE may declare to support the small GAP case but can’t be used in the real deployment thus brings troubles to this band combinations. There’s another CA_n260A- n260A-n260A-n260A-n260A-n260A-n260A-n260A non-contiguous proposal, 8 CCs are clarified but still no GAP and CC separation information. If the largest CC separation is 3GHz as the width of the band, and the CCs are randomly placed, it’ll be the very difficult NC CA. UE may not be able to support the extreme cases then doesn’t support the CA at all. Therefore, we think for the band combinations proposal, more information should be clarified, so do the requirements in the specification. And the same problem exist in the intra-band contiguous CA. For example n257 contiguous, no information of how many CC and BW of each bands are provides.

Proposal 3: When operators propose mmWave contiguous or NC CA band combinations, the detail information should be provided, such as the number of CCs, the GAP between the CC, the largest CC separation, and other necessary information for example spectrum holdings.
Proposal 4: The requirement for each specific mmWave NC CA should clarify the GAP and the CC separation.

For the current NC CA ACS/IBB general requirement, we provided a draft CR [7] to implement proposal 1 and proposal 2.
3. Conclusion
This contribution provides the views of how to define mmWave intra-band NC CA ACS/IBB requirements, the following proposals are proposed,
Observation 1: The mmWave intra-band NC CA Rx architecture is different with sub-6 GHz, therefore the ACS/IBB requirement for NC CA should be reconsidered.
Observation 2: The CA requirements are introduced in general, it should be revisited when some specific band combinations with implementation difficulties are identified.

Proposal 1: For mmWave intra-band non-contiguous CA, the ACS is relaxed 8 dB compared with single carrier ACS, the IBB is relaxed 14.5 dB compared with single carrier IBB.

Proposal 2: The requirements proposed in proposal 1 apply to the in-gap and out-of-gap interference cases.
Proposal 3: When operators propose mmWave contiguous or NC CA band combinations, the detail information should be provided, such as the number of CCs, the GAP between the CC, the largest CC separation, and other necessary information for example spectrum holdings.

Proposal 4: The requirement for each specific mmWave NC CA should clarify the GAP and the CC separation.
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