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1. Introduction

In NR Rel-15 discussion, many operators showed great interests in the support of 2Tx for FR1 UE. The main benefits of 2Tx over 1Tx are in three aspects. Firstly, with the wide deployment of massive MIMO and the use of 16, 32 or 64 receiver antenna ports at NR BS, the operating SNR level for UL-MIMO can be significantly decreased. So compared to LTE, UL-MIMO with 2Tx is much more useful for NR. Secondly, given the use of 4Rx, 2T4R implementation on UE is more preferred than 1T4R for SRS antenna switching, which will improve the downlink MIMO performance. Thirdly, 2Tx is linked to the support of 26dBm high power UE in practical.
According to our knowledge, NR commercial UEs can support at most 2Tx in FR1 at the current stage. Thus, for UEs supporting 2Tx, to enable 2Tx on NR carrier together with EN-DC, SUL and UL CA, RAN4 requirements on the switching period between two uplink carriers are required. 

In this contribution, we would like to trigger the discussion on the RAN4 requirements to enable uplink 2Tx on NR TDD carrier for EN-DC, feature SUL and UL CA.
2. Discussion
In TS 38.101-1, the 2Tx UE requirements are specified in Section 6. In Table 1, we summarize the requirements. The requirements apply for the UE capable of single carrier, SUL and UL CA on FR1. For most of UL MIMO requirements, the corresponding single antenna RF requirements are reused and applied in terms of the sum of test metrics at each UE antenna connector. 
Table 1: Summary of 2Tx (UL-MIMO) UE RF requirements

	Section 
	Section title
	Requirements

	6.2D
	Transmitter power for UL MIMO
	UE maximum output power for UL MIMO

UE maximum output power reduction for UL MIMO

UE additional maximum output power reduction for UL MIMO

Configured transmitted power for UL MIMO

	6.3D
	Output power dynamics for UL MIMO
	Minimum output power for UL MIMO
Transmit OFF power for UL MIMO

Transmit ON/OFF time mask for UL MIMO

Power control for UL MIMO

	6.4D
	Transmit signal quality for UL MIMO
	Frequency error for UL MIMO

Transmit modulation quality for UL MIMO

Time alignment error for UL MIMO

Requirements for coherent UL MIMO

	6.5D
	Output RF spectrum emissions for UL MIMO
	Occupied bandwidth for UL MIMO

Out of band emission for UL MIMO

Spurious emission for UL MIMO

Transmit intermodulation for UL MIMO


Observation 1: In TS 38.101-1, the general UL MIMO requirements are specified and applied to UE operating on FR1.
3. Support of UL 2Tx together with EN-DC, SUL and UL CA
3.1
TDM approach

Firstly, let us take EN-DC DC_1_n78 as an example to elaborate the problem of supporting UL 2Tx on NR carrier with the current RAN4 requirements. If the UE is required to support UL 2Tx on band n78, then the UE should be able to support 1Tx on LTE band 1 and 2Tx on NR band n78 simultaneously. Totally UE is required to support three uplink transmitters at the same time. 

According to our survey among the UE vendors, it would be very challenging to support three transmitters for the time being, because three independent sets of power suppliers and other circuits are required in UE. Moreover, the implementation of three transmitters will significantly increase the power consumption, the form factor and make the UE the hotter. So we would like to consider an more feasible way to support 2Tx together with EN-DC, SUL and UL CA.
For EN-DC, the SUO mode has been specified. In that mode, LTE and NR are transmitted alternatively in UL. 2Tx can be used in NR duty cycle, while 1Tx can be used in LTE duty cycle. In this mode, UE needs to support two transmitters in total. Compared to 1Tx on LTE and 1Tx on NR, the main benefit of the alternative transmission with 1Tx on LTE and 2Tx on NR comes from the wider bandwidth on the NR carrier.

Similarly, for SUL, the transmissions are naturally alternated between the UL and SUL carriers. For the transmission on normal UL carrier, 2Tx can be used.

For UL CA, we consider both FDD-TDD NR UL CA and TDD-TDD NR UL CA. For TDD-TDD UL CA, there is one use case where the uplink slots between two carriers are not overlapped. In such case, there is no need of simultaneous transmission on two TDD carriers, and 1Tx transmission on one carrier and 2Tx on the other carrier can alternate.

Therefore, for UEs capable of two transmitters, TDM approach with no simultaneous transmission on two carriers is feasible to enable NR UL 2Tx together with EN-DC, SUL and UL CA, which is obviously a low cost and complex solution, and almost has no impact on physical layer or higher layer design.
Observation 2: For UEs capable of two transmitters, TDM approach with no simultaneous transmission on two carriers is feasible to enable NR UL 2Tx together with EN-DC, SUL and UL CA. 
3.2
RAN4 requirements

As discussed above, the baseline assumption is that commercial UEs can support up to two transmitters at the current stage. Based on it, the feasible approach is TDM on two carriers, in order to support UL-MIMO (2Tx antennas) on NR mainstream bands for EN-DC, feature SUL and UL CA.

When looking into this approach as shown in Figure 1, UE needs to switch from 1Tx on one carrier to 2Tx on the other carrier. From operator’s point of view, we were seeking for the possibility of do the switching within 0 us. However, based on the feedback from chipset vendors, currently it is impossible to realize 0us switching time for UE capable of two transmitters.
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Figure 1: Illustration of 1Tx -> 2Tx and 2Tx->1Tx switching
In order to avoid the restriction of three transmitters on UE implementation, certain switching period has to be allowed. During the switching period, UE should not be scheduled for uplink transmission. Besides, it is important for both network and UE to know the length and location of such switching period, otherwise there will be potential failure for the uplink demodulation.

In our view, such UE behavior for 1Tx to 2Tx switching across carriers is quite general for EN-DC SUO mode, SUL and UL CA. And such behavior is important and needs to be specified if UL-MIMO is expected to be used together with those features. By doing so, the network and UE can be coordinated.

But the current requirements as shown in Section 2 cannot meet the target. If following the requirements of transmit ON/OFF time mask for UL MIMO, there is no switching period allowed between 1Tx and 2Tx switching across the carriers.

Therefore, we think new time mask requirements are needed. The length and location of the switching period for 1Tx to 2Tx across the uplink carriers need to be specified. And those requirements could be generalized for different use cases.

Proposal 1: Specify new general time mask requirements for the length and location of switching period when UE is switched between 1Tx on one carrier and 2Tx on the other carrier in single uplink operation mode.
To accommodate different UE implementations, it makes sense to define the different capabilities related to the switching period. According to the offline discussion with vendors, it is proposed to consider the following values: {0us, 35us, [70]us, [120]us}.

Proposal 2: Define different UE capabilities for the length of switching period, and the candidate values include {0us, 35us, [70]us, [120]us}.
3.3
Time mask requirements for EN-DC
For EN-DC SUO mode with 2Tx on NR carrier, the switching of uplink transmission across carriers happens on the boundary of LTE and NR slots. With the assumption of no change on LTE physical layer design, the switching period has to be located in the NR slot. 

So we consider to allocate X us switching period at the beginning of NR slot when switching from 1Tx on LTE carrier to 2Tx on NR carrier, and allocate X us switching period at the end of NR slot when switching from 2Tx on NR carrier to 1Tx on LTE carrier. 

Proposal 3: For EN-DC SUO mode, define X us switching period at the beginning of NR slot when switching from 1Tx on LTE carrier to 2Tx on NR carrier, and define X us switching period at the end of NR slot when switching from 2Tx on NR carrier to 1Tx on LTE carrier.
3.4
Time mask requirements for SUL and UL CA
For SUL and UL CA, since the switching is done from one NR carrier to the other NR carrier, one uniform time mask can be defined. The switching period can be located in either of the two NR carriers.
Proposal 4: For SUL and UL CA, define X us switching period when switching between 1Tx on one NR carrier and 2Tx on the other NR carrier, and the switching period can be located in either of the two NR carriers.

4. Conclusion
In this contribution, we trigger the discussion on the feasible approach to enable 2Tx together with EN-DC, SUL and UL CA. In our view, the TDM approach with alternative transmissions on different carriers would be an efficient way. We have the following observations and proposals:
Observation 1: In TS 38.101-1, the general UL MIMO requirements are specified and applied to UE operating on FR1.
Observation 2: For UEs capable of two transmitters, TDM approach with no simultaneous transmission on two carriers is feasible to enable NR UL 2Tx together with EN-DC, SUL and UL CA. 
In order to enable TDM approach we propose that:
Proposal 1: Specify new general time mask requirements for the length and location of switching period when UE is switched between 1Tx on one carrier and 2Tx on the other carrier in single uplink operation mode.
Proposal 2: Define different UE capabilities for the length of switching period, and the candidate values include {0us, 35us, [70]us, [120]us}.
For SUO mode of EN-DC, we propose to define the switching period as follows:
Proposal 3: For EN-DC SUO mode, define X us switching period at the beginning of NR slot when switching from 1Tx on LTE carrier to 2Tx on NR carrier, and define X us switching period at the end of NR slot when switching from 2Tx on NR carrier to 1Tx on LTE carrier.
For SUL and UL CA, we propose to define the switching period as follows.
Proposal 4: For SUL and UL CA, define X us switching period when switching between 1Tx on one NR carrier and 2Tx on the other NR carrier, and the switching period can be located in either of the two NR carriers.
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