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Introduction
RANP #89e meeting approved the WI for NR FR1 RF enhancement in Rel-17 [1], capturing the objectives of UE uplink switch enhancement to 2Tx – 2Tx switching under either SUL or UL CA band combinations. Those objectives are copied as in the below box.
	· 2) 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
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.



According to the WID objectives, RAN4 will mainly discuss and specify the length of the switching time period, the time mask requirements for 2Tx – 2Tx switching and the DL interruption caused due to difficult band combinations. It is expected that if certain RAN1/RAN2 impact is identified, LS-s to RAN1 or RAN2 are needed to trigger the discussions in the corresponding WGs.
This contribution presents discussions on technical insights upon the open issues above. First we talk about the general concept of 2Tx – 2Tx uplink switching and reference UE architecture. Then we discuss the possible length of time period that the switches need. We propose to reuse all the values that had been defined in Rel-16 for 1Tx – 2Tx uplink switch for all scenarios. We also talk about the location of the switching periods. It is also expected that the mechanism of location configurations should reuse the Rel-16 one. 
It is worth noting that the proposals and discussions in this paper apply both to SUL and UL CA band combinations.
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Concept and UE architecture 
In Rel-16 the mechanism and RAN4 requirements were specified for UE Tx switching between case 1 and case 2. The motivation was to select the better uplink carrier and better transmission mode in a given slot for transmission assuming that there are only two con-current Tx-s. In Rel-16 it was assumed that only one transmitter can be supported on one carrier and two transmitters can be supported on the other carrier. As recently two transmitters are enabled for more NR bands, it is possible for UE to support two Tx-s on both carriers. In this case, the Tx switching would be conducted between two carriers on which the UE is both capable of 2Tx transmissions. The uplink throughput is further improved. In the meanwhile, UL-MIMO requirements for interested SUL/TDD/FDD bands are to be further specified to enable UE 2Tx transmissions on both carriers when configured switching with SUL or UL-CA band combinations. 
In the below figure, it is illustrated that the concept of UE uplink switching between 2Tx carrier and 2Tx carrier. With the switching periods defined in the specifications, the UE is allowed to switch its uplinks between carriers and schedule 2Tx transmissions on both carriers. Either UL MIMO or UL Tx diversity benefits a lot system performance in respective scenarios.
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Figure 1: Concept of uplink switching between 2Tx carrier and 2Tx carrier
In Rel-16, we identified already that the switching period highly depends on the UE architecture. Thus it is necessary to have a clear understanding about the typical UE architecture when we consider to introduce 2Tx – 2Tx Tx switching. In the below figure, we provide an example of UE implementation with 2Tx architecture serving as a reference assumption. Note that one of the typical band combination in China is considered in the illustration.
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Figure 2: Reference UE architecture with 2Tx for UL Tx switch between 2Tx carriers
There is also another possible architecture for certain cases that involves more parts than the above one. Chances are that high end UE may pursue shorter switching times in cost of having more planned resources. The below figure gives a glance of such kind of design and note that though more parallel RF resources are planned but there are at most 2 con-current ones operating at the same time.
[image: ]
Figure 2b: Alternative UE architecture with 3Tx for UL Tx switch between 2Tx carriers
Following the logics that we had during Rel-16, the corresponding switching period values to the respective architectures mentioned in the above figures are 140us/210us and 35us, with the assumption of certain specific UE implementations.
Switching periods
In the above section, we provide the reference architectures for UE implementation which serve as the assumption when we consider to specify the switching period values for UE Tx switching between 2Tx carriers. 
Proposal 1:  Specify 35us, 140us and 210us as the options from which a UE choose to report its capability of switching period for Tx switching between 2Tx carriers in Rel-17, which is to reuse the values defined in Rel-16 for 1Tx – 2Tx switching.
Location of the switching periods
It is pretty much the same with that of Rel-16 that RAN4 needs to specify the UE requirements for switching between 2Tx carriers including the length and location of the switching periods, the combination of which two is the RF time mask requirement. In this section we talk about the location of the switching periods.
One principle under consideration is to avoid the interference to other user’s PUCCH(s) carrying HARQ ACK/NACK which shares the same resources in time-domain OCC (orthogonal cover code) manner with the target user on an uplink carrier where the switching period is located. Assume that the configured duration for PUCCH(s) on the carrier is 14 symbols. If the switching location is on that carrier, then one or a number of OFDM symbols in PUCCH for the target user should be punctured and thus will cause the loss of CDM orthogonality between PUCCHs of the target user and other users, which will cause higher inter-user interference to PUCCHs and degrade their performance. In order to address that issue, it is natural for the UE configured with SUL to locate the switching period on the carrier that is without PUCCH configuration. It is feasible since there is only one PUCCH group is used for SUL, which is aligned with the restriction in the WID. Thus it is proposed that the switching period(s) are located on the carrier that is without the configured PUCCH.
This is identical idea with that of Rel-16. Thus we propose:
Proposal 2:  Reuse Rel-16 mechanism on location of the switching periods in Rel-17 for UE Tx switching between 2Tx carriers.
Conclusions
This contribution presents discussions on technical insights upon the open issues above. First we talk about the general concept of 2Tx – 2Tx uplink switching and reference UE architecture. Then we discuss the possible length of time period that the switches need. We propose to reuse all the values that had been defined in Rel-16 for 1Tx – 2Tx uplink switch for all scenarios. We also talk about the location of the switching periods. It is also expected that the mechanism of location configurations should reuse the Rel-16 one. The below proposals apply both to SUL and UL CA band combinations.
Proposal 1:  Specify 35us, 140us and 210us as the options from which a UE choose to report its capability of switching period for Tx switching between 2Tx carriers in Rel-17, which is to reuse the values defined in Rel-16 for 1Tx – 2Tx switching.
Proposal 2:  Reuse Rel-16 mechanism on location of the switching periods in Rel-17 for UE Tx switching between 2Tx carriers.
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