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1 Introduction

In the last RAN #89e meeting, the new WI of RF requirements enhancement for NR frequency range 1 [1] was approved which includes the objectives regarding 2Tx switching. The objectives for 2Tx switching between carrier 1 and carrier 2 are shown as following.

· Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases

· The scenarios include

· For Tx switching based on SUL band combination, or uplink CA band combination 

	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination

	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios

· Length of switching period

· Time mask RF requirements

· Uplink interruption and downlink interruption (RRM) requirements, if needed

· Minimize the impacts on RAN1

· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 

· Minimize the impacts on RAN2

· Update the RRC signaling to indicate the switching period location and length

· Update the UE capabilities

Based on this scope, this contribution will provide analysis on the requirements as switching period, location and interruption for 2Tx switching.
2 Discussion 
2.1 Length of switching period

The switching periods for 1Tx switching have been introduced in 38.331 UE capabilities for band combination lists which are shown as the following IEs. 
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {

    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),

    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),

    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}

By retrieve the history of discussion on 1Tx switching, in our view, we still think multiple non-zero values should be defined in order to allow different UE implementations, especially considering that this capability can be reported per pair of uplink bands. It is also difficult to achieve small switching time for some of band pairs, such as band pair with shared PA. Down-selecting to one single non-zero value for all band pairs in 3GPP specifications is a very tight restriction and prevents more UEs enjoying the benefits from Tx switching. So by following the similar type of introducing switching period for 1Tx switching, we propose
Proposal 1: Allow different capabilities for length of switching period for 2Tx switching between carrier 1 and carrier 2.

2.2 Location of switching period

For UL CA and SUL, since both uplink carriers are NR carriers, the switching period location will share the same requirements for UL CA and SUL for 2Tx switching cases.

Regarding the configuration for the location, in the past discussion, the idea was proposed that carrier loading PUCCH has the priority to avoid the location of switching period which can help to improve the system performance. But it was argued by saying both Tx chains may load the PUCCH as two PUCCH groups. Meanwhile, the relative cost for switching period locating in FDD band with PUCCH transmitting is actually lower than that for locating in TDD band. Because the TDD band has larger bandwidth, equivalent to smaller transmitting time by considering same throughput. So how to select the switching period location is a complicate issue need to consider more factors. At last companies were aligned with the method of semi-static configuration which leaves more flexibility to BS making decision. Now it seems similar situation needs to be considered for 2Tx switching by comparing to the case for 1Tx switching. So the location will be semi-statically configuration by RRC for 1Tx carrier or the 2Tx carrier for the switching between case 2 and case 3.

Proposal 2: For UL CA and SUL, semi-statically configure the switching period on one of the two uplink carriers for 2Tx switching between carrier 1 and carrier 2 
2.3 DL interruption due to switching

From UE perspective, the DL interruption does exist in some of combinations according to the discussion for 1Tx switching in past meetings. The possible reasons inducing interruption include PLL sharing for DL and UL or impact with each other due to shut down or start up, interference coupling through PCB lines etc. Thus, different capabilities were defined for UEs with and without DL interruption. 
Regarding the 2Tx switching, the DL interruption will share the same situation with that for 1Tx switching. The interruption time may be kept same values as for 1Tx switching, but that will depend on the UE architecture designation, e.g., if the switching action happens on both Tx chains with absolutely simultaneous. However, the capabilities for DL interruptions are no doubt need to be defined.

Proposal 3: Define different capabilities for UEs with and without DL interruption for 2Tx switching between carrier 1 and carrier 2
3 Conclusion

In this contribution, we discussed the requirements for switching period, location and interruption for 2Tx switching between carrier 1 and carrier 2, and have the following proposals

Proposal 1: Allow different capabilities for length of switching period for 2Tx switching between carrier 1 and carrier 2.

Proposal 2: Semi-statically configure the switching period on one of the two uplink carriers for 2Tx switching between carrier 1 and carrier 2. 

Proposal 3: Define different capabilities for UEs with and without DL interruption for 2Tx switching between carrier 1 and carrier 2.
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