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1. Introduction
In RAN1#89 [1], the followings are agreed.
	Agreements:
· [bookmark: _GoBack]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


We discuss dual connectivity operation with single active UL. 
2. Discussion
When single active UL is considered for NSA operation, we can consider the following three dual connectivity scenarios as shown in Figure 1. 
[image: ]
[bookmark: _Ref485460301]Figure 1. DC Scenarios for single UL TX
As discussed in our companion contribution [2], generally we can consider semi-static and dynamic UL resource partitioning. In this contribution, we discuss further details on single active UL operation in different DC scenarios. 
Scenario 1 – FDD and TDD DC
When NR CG uses TDD operation with DL centric and/or UL centric slot structure with potentially different numerology between two CG, only partial resource in a subframe is necessary for NR UL transmission. If LTE and NR slot/subframe structure is shown in Figure 2, to allow UL transmission in slot m, the entire subframe n may not be usable for LTE. 
[image: ]
[bookmark: _Ref485403339]Figure 2. Illustration of frame structure of LTE and NR
Particularly, in slot m+4 and m+5, though very small portion of UL is necessary for NR UL, the entire subframe may not be used for LTE UL transmission. To overcome this issue, one approach is to apply short TTI operation in LTE where short TTI based UL transmission can be still occurred in the subframe which overlaps with NR UL portions. In other words, based on short TTI of LTE, resource partitioning may be achieved instead of subframe-level resource partitioning between NR and LTE. Figure 3 shows an example of LTE/NR UL resource partitioning based on sTTI operation. 
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[bookmark: _Ref485460319]Figure 3. Illustration of 2OS sTTI based Resource Partitioning between LTE and NR
To support this, NR CG needs to inform its intended slot structure such that LTE CG can partition UL resource between CGs. Based on semi-static or dynamic resource sharing based on the partitioned UL resource, UL transmission can be scheduled and performed. 
Proposal 1: When TDM between LTE and NR CG is considered, short TTI operation is also utilized if supported. Short TTI based resource partitioning can be used particularly when NR adopts TDD operation with DL/UL centric slots.  
Scenario 2 – UL sharing via TDM
For the second case, as the uplink is shared between LTE and NR, the same numerology for uplink transmission may be considered. In this case, resource partitioning at subframe level may be more appropriate. To minimize impact on LTE side, as mentioned in our companion contribution [2], FDD-TDD CA framework can be used in LTE as if TDD PCell and FDD DL only SCell are aggregated. 
When TDM is used between LTE and NR UL resources, some considerations on PRACH transmission may be necessary. Not to impact on initial access procedure or RACH procedure, our preference is to allow RACH-related UL transmission can have higher priority over other transmission such that PRACH/Msg3 can be transmitted anytime regardless of resource partitioning. 
Proposal 2: When TDM is used, PRACH/Msg3 can be transmitted in any UL resource regardless of partitioning.
Scenario 2 – UL sharing via FDM
When FDM is used between LTE and NR carrier, it can be treated as if intra-band contiguous UL CA. Further restriction and necessary requirements can be investigated by RAN4 if this scenario is recognized as important case. 
Scenario 3 – DC with SUL
In terms of resource alignment and HARQ/PUSCH timing, this scenario can be treated similar to Scenario 2 with TDM. 
3. Single UL transmission with dynamic resource sharing
Whether UL resource would be partitioned semi-statically or not, a UE may perform UL transmission based on scheduling and configuration. When gNB and eNB are collocated or connected via ideal backhaul, instead of allocating UL resources semi-statically, dynamic resource partitioning can be considered. When dynamic resource sharing is used, there are different approaches for resource utilization. 
(1) First scheduled transmission is always prioritized: if a UE is scheduled with a UL transmission, it is assumed that no other following scheduling can drop the scheduled transmission. If this approach is used, CG with less processing time cannot take the resource from the other CG regardless of its urgency. This priority applies only between channels across CGs not within a CG. 
(2) When collision among different channels occur, the priority is determined based on UCI type and/or CG. Lower priority channel can be dropped or stopped or punctured. When this approach is used, on-going transmission may not be dropped. This approach may not be efficient when eNB and gNB are connected via non-ideal backhaul as eNB and gNB may not anticipate which one has been selected by the UE. 
(3) Resources can be partitioned between two CGs where the CG has higher priority in the allocated resource. If collision occur, the primary CG’s channel would be prioritized. In other words, resources unused primary CG may be reused by second CG on the given UL resource. This approach can be applied to non-idea backhaul case where at least scheduling on the allocated resources are guaranteed. 
Given the benefits and potential specification impacts, our preference is to apply semi-static resource partitioning between two CGs where the resource not used by primary CG may be reclaimed to the other CG. 
Proposal 3: A set of UL resources allocated to NR UL can be indicated to UE. In other UL resources, a UE assumes LTE UL is prioritized. A CG is defined as the primary CG in a given UL resource if the resource has been assigned to the CG. 
Proposal 4: If two channels are colliding at a given UL resource, channel for primary CG is prioritized. 

4. Conclusion
The followings are proposed in this contribution.
Proposal 1: When TDM between LTE and NR CG is considered, short TTI operation is also utilized if supported. Short TTI based resource partitioning can be used particularly when NR adopts TDD operation with DL/UL centric slots.  
Proposal 2: When TDM is used, PRACH/Msg3 can be transmitted in any UL resource regardless of partitioning.
Proposal 3: A set of UL resources allocated to NR UL can be indicated to UE. In other UL resources, a UE assumes LTE UL is prioritized. A CG is defined as the primary CG in a given UL resource if the resource has been assigned to the CG. 
Proposal 4: If two channels are colliding at a given UL resource, channel for primary CG is prioritized. 
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