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1
Introduction
RAN1#89 agreed [1] that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. This contribution discusses related RAN4 aspects and what issues need to be investigated further for supporting NSA UEs with single UL only. 
2
Discussion
RAN1#89 agreed [1] that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time, when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. 

Agreements:

· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported
The discussion seems to have happened based on contribution [2], with the decision being based on way forward document [3]. The reasoning for 1Tx UE support seems to have been due to UE RF implementation issues like intermodulation products, degraded DL sensitivity especially in certain frequency band combinations. The RAN1 contribution in [3] states the following about these problematic frequency band combinations:

· To give a few examples: It was agreed in RAN4#82bis that LTE and NR carrier aggregation band combinations with LTE_4DL/1UL CC (B1,3,7,20) + NR_1DL/1UL CC (3.4-3.8GHz) is to be supported [7].   
· The IM5 produced at the NR transmitter from the 2nd harmonic of Band 3 uplink (1710-1785 MHz) and NR uplink (3.3-3.8 GHz) could well fall into the Band 7 downlink frequencies (2620-2690 MHz) under the above 4DL/1UL CC (B1,3,7,20) + NR_1DL/1UL CC (3.4-3.8GHz) simultaneous dual uplink operation. 
· Similarly, a simultaneous 4th order harmonic of uplink transmission at Band 20 and NR uplink transmission can also create IM5 intermodulation product interfering Band 7 downlink reception and thus desense the Band 7 receiver. 
· This issue would not only happen in LTE-NR DC case, for NR only case if there are two UL frequencies as the above, similar problem would occur.
It is worth noting that the RAN4 LTE specifications for 2DL/2UL has the following combinations defined; 1+42, 3+42, 19+42, 21+42 and 28+42, 41+42 where Band 42 (LTE TDD Band at 3400 MHz – 3600 MHz) is involved. Furthermore following 2UL/3DL combinations have been standardized involving Band 42 1+42/1+3+42, 3+42/1+3+42, 1+42/1+19+42, 19+42/1+19+42, 1+42/1+21+42, 21+42/1+21+42, 1+42/1+28+42, 28+42/1+28+42, 3+42/3+19+42, 19+42/3+19+42, 3+42/3+21+42, 21+42/3+21+42, 3+42/3+28+42, 28+42/3+28+42, 41+42/3+41+42, 19+42/19+21+42, 21+42/19+21+42, 21+42/21+28+42, 28+42/21+28+42, 41+42/28+41+42 and finally in addition to 2UL/2DL and 2UL/3DL there are  31 2UL/4DL combinations involving band 42. In this light it seems odd to conclude that 2UL does not work. There also hundreds of other band combinations involving 2UL without band 42 in specification which quite many have IMD issues. Has RAN4 work for those cases where there is IMD issues been useless, if so it would have been helpful from RAN4 workload point of view not to standardize those, so we are wondering why those companies that in RAN1 thought that 1 Tx is necessary did not raised this issue in RAN4 during LTE CA work. Furthermore if RAN1 conclusion is right can we assume that RAN4 does not anymore specify band combinations that involve IMD problems for LTE?
For LTE it was explicitly decided that LTE UL Dual Connectivity UEs need to support 2 Tx.  

For NR the ~3.5 GHz band is not yet defined. RAN4 is currently working on frequency range from 3.3 GHz to 4.2 GHz, which is wider than the current Band 42. However, RAN4 has not yet decided if the frequency range from 3.3 GHz to 4.2 GHz should be defined as single band or e.g. two separate bands. Also, the UE requirements and potential relaxations, which may be needed for practical UE implementation have not yet been thoroughly analyzed and thus decided in RAN4. Instead of simply jumping into a conclusion that 1Tx UE needs to be supported for LTE – NR UL DC, it would be important that companies would rather analyse and openly discuss UE implementation challenges and what would need to be taken into account in the band definition and UE requirements to make 2UL feasible for all or at least for majority of the LTE – NR UL DC UEs.  As the current status of the NR ~3.5 GHz band and requirement definition might have not been clear in RAN1 when agreeing 1Tx UE support, it would be good for RAN4 to inform the current requirement status to RAN1 and possibly also RAN2 since 1Tx UE support is expected to impact RAN2 work as well. RAN4 should also invite companies in RAN1 to contribute to the RAN4 NR band and UE requirement development for ensuring that 2Tx UE in LTE – NR UL DC are feasible like in LTE. 
Proposal 1: RAN4 send a LS to inform RAN1 and RAN2 that it has not yet decided the band definition(s) and UE requirements for the frequency range 3.3-4.2 GHz  and invite companies seeing this frequency range, related UE requirements and band combinations for LTE – NR DC problematic for practical UE implementations to contribute to the RAN4 NR band and requirement development to make 2 Tx UE implementations feasible.
As discussed in [4], 1 Tx UE support is expected to have noticeable system impacts and implications on RAN2 specifications and also LTE – NR DC performance even if RAN1 specification impacts could be avoided as suggested in RAN1. Therefore, we would propose that RAN4 will study in detail how problematic 2Tx UE support is for UE implementation and for which LTE – NR frequency band combinations 1 Tx UE support would need to be defined or if in most cases 1 Tx support could even been avoided by suitable frequency band and UE requirement definitions. 
Proposal 2: RAN4 should study how problematic 2Tx UE support in LTE – NR DC configurations is for UE implementations and for which LTE – NR frequency band combinations 1 Tx UE support would need to be defined.
Proposal 3: RAN4 should study if 1 Tx UE support could be avoided at least for majority of  LTE – NR DC UEs by suitable frequency band and UE requirement definitions.
3
Conclusions

This contribution has discussed RAN1#89’s agreement and related RAN4 aspects for 5G NR needing to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. Based on the discussion we propose the following:

Proposal 1: RAN4 send a LS to inform RAN1 and RAN2 that it has not yet decided the band definition(s) and UE requirements for the frequency range 3.3-4.2 GHz  and invite companies seeing this frequency range, related UE requirements and band combinations for LTE – NR DC problematic for practical UE implementations to contribute to the RAN4 NR band and requirement development to make 2 Tx UE implementations feasible.

Proposal 2: RAN4 should study how problematic 2Tx UE support in LTE – NR DC configurations is for UE implementations and for which LTE – NR frequency band combinations 1 Tx UE support would need to be defined.

Proposal 3: RAN4 should study if 1 Tx UE support could be avoided at least for majority of  LTE – NR DC UEs by suitable frequency band and UE requirement definitions.
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