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1. Background
In R16, two uplink carriers dynamic switching mechanisms between case 1 and case 2 (shown below in table 1) have been specified in sub-clause 6.1.0 of TS 38.214  for inter-band EN-DC without SUL, inter-band UL CA and standalone SUL, where carrier 1 is capable of one transmit antenna connector and carrier 2 is capable of two transmit antenna connectors. This kind of two antenna connector architecture enable carrier 2 to support both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port. Accdoring to TS 38.101-1 and TS 38.101-3, for inter-band EN-DC without SUL, carrier 2 could only be the NR band carrier. For NR inter-band CA, the gNB determine which carrier is the carrier 2. And for SUL, NR TDD band is the dedicated carrier 2 band. 

Table 1 two uplink carrier switching cases from the aspect of RF TX chain
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



In order to support more feasible UL TX switching capability, R16 specify two kind of UE capability via uplinkTxSwitching-OptionSupport IE for inter-band CA and EN-DC. UE can report the supported options, i.e. option 1 or option 2 or both for inter-band CA, option 1 or option 2 for EN-DC
· Option 1(switchedUL): If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


· Option 2(dualUL): If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
o    UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
o    UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


2. Discussion
The motivation of the dynamic switching is to select the better uplink carrier and better transmission mode in a given slot for transmission assuming that there are only two con-current transmitters. In Rel-16 only carrier 2 could support 2Tx transmission and carrier 1 is limited to 1Tx transmission. The main reason is in the beginning of R16 some NR operating bands (lower than around 2.5GHz) do not support UL-MIMO due to the limitation of device capability.. 
In RAN4# 95e-meeting, CR[1] was approved to add more NR bands support UL MIMO. This means all the specified NR bands in [1] can support 2Tx transmission without any device limitation anymore.
	NR operating band

	n1

	n2

	n3

	n7

	n25

	n301

	n34

	n38

	n39

	n40

	n41

	n48

	n66

	n70

	n712

	n77

	n78

	n79

	NOTE 1:	Uplink transmission is not allowed at this band for UE with external vehicle-mounted antennas.
NOTE 2:	UL MIMO is targeted for FWA form factor.



In RAN4 #96e-meeting, some band combinations requested by operator to support dynamic TX switching for CA and EN-DC and listed in [2]. Since n1, n3, n39, n40, n41, n77, n78, n79 NR operating bands have already been included in the CR[1] to support the UL-MIMO, it is desirable to specify the 2TX->2TX switching scheme to further improve the UL performance for those band combinations.
[image: C:\Users\cmcc\AppData\Local\Temp\1599037121(1).png]
Figure 1 Band combinations for TX switching
In R17, we propose to specify UL Tx switching between 2Tx carrier and 2Tx carrier for inter-band UL CA and standalone SUL as there is no device limitation any more from aspect of RAN4. Besides, UL-DL subframe configuration with larger ratio of DL slot most likely will be used in practical NR network deployment, leading to the lack of the UL slot and the limitation of some 5G application with larger UL demands. 2Tx to 2Tx switching can improve the UL throughput significantly by enabling UL-MIMO transmission in both UL carriers. 
2.1 Inter-band UL CA 2TX->2TX switching scenario
For FDD+TDD CA, take n1+n78 as an example, the figure below illustrates the 2Tx->2Tx switching mechanism. Assuming 100MHz in n78 with DDDSUDDSUU configuration and 50MHz in n1, the UL throughput of 2Tx(n1)->2Tx(n78) can improve about 37% UL throughput compared to 1Tx(n1) -> 2Tx(n78). Since NR n1 and n78 bands already support the UL-MIMO, 2Tx->2Tx transmission switch can be achieved.

  
Figure 3 the illustration of the 2TX->2TX switching mechanism for TDD+FDD inter-band CA
For TDD+TDD CA, take n41+n79 as an example, the figure below illustrates the 2Tx->2Tx switching mechanism. In previous RAN1 meeting, maximum 76800Ts misalignment is supported with slot alignment and partial SFN alignment for R16 NR inter-band CA. As illustrated in the below figure, n41 configured with DDDDDDDSUU and n79 configured with DDDSUDDSUU. n79 is configured with 3-slot offset in advance, all the UL slots on both carriers are TDMed in order to optimize the UL performance.  At slot 8 of n41 band, the UE will switch from n49 2Tx to n41 2Tx. Compared to transmitting UL only on n79, 2Tx(n49)->2Tx(n26) can improve about 66.7% UL throughput assuming 100MHz bandwidth in both n41 and n79. 


Figure 2 the illustration of the 2TX->2TX switching mechanism for TDD+TDD inter-band CA

Proposal 1: It is proposed to specify the UL Tx switching between 2Tx carrier and 2Tx carrier in Rel-17 for inter-band UL CA as below.
· Option 1(switchedUL): UE is expected to be scheduled or configured with 2Tx transmission on either carrier 1 or carrier 2. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P 

	Case 3
	2T+0T
	2P+0P,1P+0P



· Option 2(dualUL): If uplink Tx switching is configured,
o   UE can be scheduled or configured with 2Tx transmission on either carrier 1 or carrier 2.
o   UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P



2.2 Standalone SUL 2TX->2TX switching scenario
Current RAN4 specification does not support UL-MIMO for SUL. The main reason is that SUL bands are relative low FDD/TDD bands, and the original FDD/TDD bands did not support UL-MIMO in Rel-15. However, as we discussed above, in previous RAN4 meeting, several low FDD/TDD bands are specified to support UL-MIMO, including n1, n2, n3, n7, n25, n30, n34, n38, n39, n40, n48, n66, n70 and n71. So technically, the corresponding SUL bands can also support UL-MIMO, e.g. n84 (n1 SUL), n80 (n3 SUL), n95 (n34 SUL), n97 (n40 SUL), n98 (n39 SUL). 
Hence, we support to specify UL-MIMO for SUL bands and requirements first in RAN4. According to the experience of introducing UL-MIMO to FDD/TDD bands, CRs are sufficient to introduce UL-MIMO for SUL bands. After RAN4 specify the requirements, RAN2 can remove the restrictions on SUL band UL-MIMO configuration.
Proposal 2: It is proposed to specify UL-MIMO for SUL bands (i.e. n80, n84, n95, n97, n98) and remove the UL-MIMO configuration constraints. 
In RAN4 #96 e-meeting, CR to introduce a new SUL band n97 (n40 SUL 2300-2400MHz) has been approved. Take n97+n41 SUL band combination as an example, 2Tx(n97)-->2Tx(n41) switching can improve about 50% UL throughput compared to 1Tx(n97)->2Tx(n41) switching assuming 100MHz in n41 configured and 50MHz in n97.

Figure 4 the illustration of the 2TX->2TX switching mechanism for SUL band combination
Based on the above analysis, it is desirable to specify 2TX->2TX switching scheme for SUL to enhance UL throughput.
Proposal 3: It is proposed to specify the UL Tx switching between 2Tx carrier and 2Tx carrier in Rel-17 for standalone SUL as below.  If uplink Tx switching is configured, UE can be scheduled or configured with 2Tx transmission on either SUL or TDD NR band.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P



2.3 Objectives of UL Tx switching between 2Tx carrier and 2Tx carrier
We propose the following objectives of UL Tx switching between 2Tx carrier and 2Tx carrier
· Specify the SUL operating bands for UL-MIMO in RAN4 (i.e. n80, n84, n95, n97, n98), remove restrictions on SUL band UL-MIMO configuration [RAN4, RAN2]
· Specify UE RF requirements to allow switching between 2Tx carrier and 2Tx carrier for inter-band UL CA and SUL, i.e. time mask
· Specify the DL interruption RRM requirements, if needed
· Strive to reuse RAN1 mechanism for Tx switching between case 1 and case 2 in Rel-16
· Strive to reuse RAN2 signaling for Tx switching between case 1 and case 2 in Rel-16
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.

3. Conclusion
In this contribution, we suggest the following proposals from the perspective of UL performance enhancement.
Proposal 1: It is proposed to specify the UL Tx switching between 2Tx carrier and 2Tx carrier in Rel-17 for inter-band UL CA as below.
· Option 1(switchedUL): UE is expected to be scheduled or configured with 2Tx transmission on either carrier 1 or carrier 2. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P 

	Case 3
	2T+0T
	2P+0P,1P+0P



· Option 2(dualUL): If uplink Tx switching is configured,
o   UE can be scheduled or configured with 2Tx transmission on either carrier 1 or carrier 2.
o   UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P



Proposal 2: It is proposed to specify UL-MIMO for SUL bands (i.e. n80, n84, n95, n97, n98) and remove the UL-MIMO configuration constraints. 
Proposal 3: It is proposed to specify the UL Tx switching between 2Tx carrier and 2Tx carrier in Rel-17 for standalone SUL as below.  If uplink Tx switching is configured, UE can be scheduled or configured with 2Tx transmission on either SUL or TDD NR band.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P,1P+0P
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