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1
Introduction
In RAN#82 meeting, a new WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was agreed in [1], one of the objectives is the enhancement of single Tx switched uplink, as showing below,
6. Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG

In this contribution, we give the analysis on the potential enhancement on single UL operation on TDD EN-DC and FDD EN-DC. 
2
Single Tx switched uplink operation for TDD EN-DC
According to RAN4 specification TS38.101-3, no band combination is indicated as “single UL is allowed” for inter-band TDD EN-DC case, it means there is no problematic band combination for TDD or potential emission issues for the band combination, thus the single Tx switched uplink operation is precluded from inter-band TDD EN-DC scenario. For intra-band TDD EN-DC, single UL is allowed for intra-band contiguous and non-contiguous EN-DC in band 41. So the study of potential performance enhancement is focusing on intra-band TDD EN-DC.

Observation 1: Potential enhancement on single UL operation for EN-DC is only focused on intra-band TDD EN-DC. 

Since potential enhancement on single UL operation for EN-DC is only focused on intra-band TDD EN-DC, it would be important for RAN1 to discuss if it is beneficial to specify specific single UL solution for this specific case only. 

Proposal 1: RAN1 to discuss if specific single UL solution should be specified for the intra-band TDD EN-DC only.
As agreed in RAN1#93 meeting, only case 2 HARQ timing was supported for TDD EN-DC. Figure 1 gives an example of uplink subframe usage for intra-band TDD EN-DC, the NR need to have the same UL and DL transmission direction with LTE to avoid the cross-link interference, in another word, the transmission direction between LTE and NR is aligned and synchronized.
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Figure 1: example of DL-reference UL/DL configuration for TDD LTE-NR DC

The drawback of the case 2 HARQ timing is not all the DL subframes can be scheduled by LTE, due to the UL subframe carrying the DL HARQ-ACK is used by NR. To improve the TD-LTE DL throughput, the DL-reference configuration defined for TDD eIMTA can be introduced, the reference configuration can be UL/DL configuration 2, 4 or 5. As showing in figure 1, the TDD LTE carrier is configured with UL/DL configuration 2, the DL-reference UL/DL configuration is UL/DL configuration 5. So DL HARQ timing follows the timing of UL/DL configuration 5, subframe 2 is used for LTE UL data transmission and carrying the HARQ-ACK feedback of the nine DL subframes, the LTE UL HARQ timing is following its own UL/DL configuration, i.e., configuration 2. In this case, the subframe 7 can be used for NR UL transmission, LTE and NR are time domain multiplexed in UL. 
Observation 2: Configuring DL-reference configuration for TD-LTE can improve the DL performance for EN-DC UE.
In case of the case 1 HARQ timing is introduced for TDD EN-DC, the related PUCCH format and resource in LTE side need to be specified. Naturally the PUCCH format 3/4/5 can be supported to carry DL HARQ-ACKs especially with the support of DL CA. If the PUCCH fallback operation is supported, i.e., DAI=1, PUCCH format 1a/1b need to be supported as well. The PUCCH format 1a/1b resource is implicit derived according to CCE index and is block interleaved in the bundle window, so the bundle window used by legacy UE will follow the SIB1 indicated UL/DL configuration, however bundle window for EN-DC UE will follow case 1 reference configuration. It means the legacy UE scheduled in one subframe, and EN-DC UE scheduled in another subframe could derive the same PUCCH resource, which casue the PUCCH resource collison. The solution for TDD eIMTA is to define a new PUCCH resource offset for eIMTA UE to avoid the resource collision. During the discussion in Rel.15 FDD EN-DC, the new PUCCH resource offset method is not preferred by majorities, eNB scheduling method is used to avoid the PUCCH resource collision. But for TDD EN-DC, as mentionted above, the PUCCH resource collision between EN-DC UE and legacy UE is almost impossible to be avoided via the eNB scheduling. Thus for TDD EN-DC, it’s not necessary to optimize the PUCCH resourece usage. For simplicity, only PUCCH format 3/4/5 can be supported without fallback to PUCCH format 1a/1b.
Proposal 2: If case 1 HARQ timing is introduced for TDD EN-DC, the PUCCH fallback operation is not supported.
3
Enhancement for single UL operation for EN-DC

The Rel.15 defined single UL operation for EN-DC focused on the DL HARQ aspect, and it was agreed that UE is allowed to transmit only in the subframes designated as UL in the reference TDD configuration. So the number of available UL subframes for LTE is depending on the configured reference configuration, the maximum available UL resources for FDD LTE is the 60% with the reference configuration 0 as showing in Table 1. To improve the UL resources usage, in case of the UL subframe is not scheduled in one leg, this UL subframe is to be used by another leg. So it is possible all UL subframes are scheduled for data transmission by LTE only or NR only. With this case, the tighten coordination between eNB and gNB would be required, the scheduling information need to exchange in real time, or the eNB and gNB share the same scheduler to avoid the UL resource allocation collision. This is too restrictive to eNB or gNB implementation, and it is impossible if the two nodes are from different network vendors.     
Table1: exiting TD-LTE UL/DL configurations
	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Observation 3: Utilizing all UL subframes by LTE or NR is too restrictive for eNB and gNB implementation.

4
Conclusions

In this contribution, the potential enhancements on single uplink operation are discussed, the following proposal and observations are made.
Observation 1: Potential enhancement on single UL operation for EN-DC is only focused on intra-band TDD EN-DC. 

Proposal 1: RAN1 to discuss if specific single UL solution should be specified for the intra-band TDD EN-DC only.
Observation 2: Configuring DL-reference configuration for TD-LTE can improve the DL performance for EN-DC UE.
Proposal 2: If case 1 HARQ timing is introduced for TDD EN-DC, the PUCCH fallback operation is not supported.
Observation 3: Utilizing all UL subframes by LTE or NR is too restrictive for eNB and gNB implementation.
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