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1. Introduction
This contribution discusses the mmWave band UE Tx/Rx center frequency issue for intra-band contiguous CA and provides a proposal for the Tx requirements Fc consideration.
2. Discussion
2.1 LTE UE Tx/Rx Fc assumption for intra-band CCA
There was a RAN4 contribution [2] clarified the possible Tx Fc. Although the intention of that contribution was to revisit the EVM and carrier leakage requirement, it’s a good reference for this contribution. Figure 1 was copied from [2]. In the LTE operation, if 1UL/xDL intra-band contiguous CA is configured to UE, it was consumed that the Tx Fc is the same with the single carrier Tx that Fc is in the center of the Tx component carrier. For the xUL/yDL, there could be several possibilities as shown in the figure that Fc could be in the center of xCC or possibly each CC has a LO.
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Figure 1: Possible Tx Fc for 2CC intra-band contiguous CA, copied from [2]
Therefore, 1UL/xDL Tx requirements are defined as the same with single carrier requirements. For xUL/yDL Tx requirements, the EVM and carrier leakage requirements considered all of the possibilities [3]. The conclusions were reasonable and there are some implementation flexibility. Actually, it was assumed the Tx LO and Rx LO are separated components or different output ports in the cases (a) and (d). For case (b) and (c), if x<y, then the Tx/Rx LO are different. That assumption was ok in LTE which is sub-6GHz bands, because most of the devices support only 1Tx. The 2Tx implementations are a little complicated but it’s still feasible. 
Observation 1: In LTE, it was assumed that Fc is in the center of the Tx component carrier for 1UL/xDL intra-band contiguous CA, i.e. Tx Fc and Rx Fc are different frequencies.
Observation 2: In LTE, it was assumed that Fc is in the center of the Tx x component carriers or each component carrier could have a separate LO for xUL/yDL intra-band contiguous CA when x=y.

Observation 3: In LTE, it was assumed that Tx Fc and Rx Fc are different frequencies for xUL/yDL intra-band contiguous CA when x<y.
2.2 mmWave UE problem

mmWave UE architecture is different with sub-6GHz UE that superheterodyne architecture is thought as an achievable architecture. Figure 2 shows an example for 8 antenna elements implementation.
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Figure 2: mmWave UE RF architecture example
In the superheterodyne architecture, there’re two LOs (FIF and FRF) to covert the baseband signal to final RF signal. Then there should be 16 LOs if 8 RF paths or antenna elements are supported. Compared with sub-6GHz, the LO number is very big. Then considering different Tx/Rx Fc can be very challenge. If no separate Tx LOs compared with Rx LOs are implemented, there’s no problem for single carrier case. But Tx performance for intra-band contiguous CA needs some discussion. 
Figure 3: 1UL/2DL intra-band contiguous CA

As shown in Figure 3, if Fc for Tx/Rx is the same then the Tx performance of 1UL/2DL intra-band contiguous CA is different with single carrier Tx performance. There could be image and other in band emissions in the frequency range of other CC. The xUL/yDL intra-band contiguous CA can see similar performance issue if x<y. However, solving this problem is not easy or it’s not a good choice to pay extra penalty to double the IF and RF LOs. 

Observation 4: It’s very challenge to implement different Tx/Rx Fc for mmWave due to the superheterodyne architecture and multiple antenna elements support.

Therefore, we should study if the performance could be acceptable for the system. In the maximum channel bandwidth discussion, the understanding is that UE is allowed to support the large channel bandwidth using CA. That means for the large channel bandwidth, UE can support it in single carrier mode or CA mode. Then taking 400MHz CBW as an example, UE can support it in 400MHz CBW or 200+200 MHz intra-band contiguous CA mode. Looking at the 400MHz single carrier mode, the Fc for Tx/Rx are the same which is equal to the case in Figure 3. Therefore, the Figure 3 performance is similar with single carrier mode. The difference for the two working mode can be each CC has separate baseband filter in CA mode, but the waveform performance after PA can be very similar. Therefore, we have the following proposal.
Proposal: Tx/Rx center frequency is assumed as the same when the intra-band contiguous CA for mmWave band is discussed.
3. Conclusion
This contribution discusses the Tx/Rx center frequency issue. The LTE assumption was firstly recalled that the following observations provided.
Observation 1: In LTE, it was assumed that Fc is in the center of the Tx component carrier for 1UL/xDL intra-band contiguous CA, i.e. Tx Fc and Rx Fc are different frequencies.
Observation 2: In LTE, it was assumed that Fc is in the center of the Tx x component carriers or each component carrier could have a separate LO for xUL/yDL intra-band contiguous CA when x=y.

Observation 3: In LTE, it was assumed that Tx Fc and Rx Fc are different frequencies for xUL/yDL intra-band contiguous CA when x<y.
Then for mmWave, the observation 3 is found as,

Observation 4: It’s very challenge to implement different Tx/Rx Fc for mmWave due to the superheterodyne architecture and multiple antenna elements support.

Finally, we make the proposal as following,

Proposal: Tx/Rx center frequency is assumed as the same when the intra-band contiguous CA for mmWave band is discussed.
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