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1. Introduction
In RAN1#89[1], the followings are agreed. 
	Agreements:
· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
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


This contribution discusses further details on SUL, single active UL and uplink alignment between LTE and NR. 
2. Discussion on SUL
In terms of potential scenarios of supplemental uplink, we can consider scenarios from a UE perspective regarding SUL as in Figure 1. 
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[bookmark: _Ref485317834]Figure 1. Scenarios for SUL
To support SUL operation, multiple PRACH configurations need to be indicated. In case stand-alone SUL scenario is supported, PRACH configuration needs to be informed via RMSI. A UE may select PRACH resource based on UE capability (e.g., whether a UE supports SUL or not) and RSRP like RRM measurement. Furthermore, there are a couple of issues to be addressed. 
· PRACH power determination: different power configuration e.g., TargetReceivedPower can be configurable per each PRACH resource to address pathloss difference in different frequencies. 
· Handling of NR TDD/FDD uplink frequency when SUL is selected in RACH procedure: another issue is whether to allow simultaneous transmission between NR TDD/FDD uplink and SUL or either one is selected. As one of the main motivation of SUL is to handle asymmetric coverage between downlink and uplink, we do not see a strong motivation to allow simultaneous transmission between NR TDD/FDD uplink and SUL. A UE can select one frequency based on RRM measurement, and can stay until it changes its UL frequency via RACH procedure again or configured to change by higher layer. Thus, we propose not to allow simultaneous transmission or dynamic switching between two UL frequencies when SUL is applied. 
· PDSCH – HARQ-ACK and PDCCH—PUSCH timing: it has been agreed to allow dynamic or semi-static indication of timing for HARQ-ACK and PUSCH transmission. When downlink and uplink use different numerology and thus different slot size, the reference timing to apply timing values should be determined. There are a couple of approaches to be considered as the follows. 
· Approach 1 - Timing is determined based on SUL’s slot: for example if PUSCH timing is 1 after PDCCH, the next slot to the slot which overlaps with DL slot of PDCCH is used for PUSCH transmission. 
· Approach 2 – Timing is determined based on DL’s slot: timing can be applied based on DL slot where UL transmission can occur at the start of SUL slot (i.e., next available SUL slot if timing is in the middle of SUL slot)
· Approach 3 – Timing is determined based on DL’s slot and UL transmission may occur using mini-slot: instead of delaying the transmission to the next available UL slot, another approach is to use mini-slot scheduling. This however may not work between certain numerologies (e.g., 60 kHz and 15 kHz) as the slot of SUL may not be equally dividable to DL slots. To handle this approach, mini-slot structure with uneven mini-slot duration may be considered. 
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Figure 2. Timing handling mechanisms
	Nonetheless, the similar/same approach of cross-carrier scheduling and UCI transmission between two different carriers with different numerologies can be also used to handle SUL scenario as well. 
· Dual connectivity scenarios: when a UE is configured with dual connectivity where LTE and NR uplink are shared via TDM, same handling to single active UL is necessary. When LTE and NR shares the spectrum via FDM, UE hardware requirement needs to be clarified. Depending on UE RF structure, further constraints such as uplink timing difference and waveform may exist. 
Proposal 1: When SUL is configured, a UE selects one UL frequency either NR TDD/FDD UL or SUL and stays in the selected UL until it goes to RACH procedure or it is reconfigured. 
Proposal 2: Simultaneous transmission to NR TDD/FDD and SUL is not supported. 
Proposal 3: Dynamic switching between NR TDD/FDD UL frequency and SUL is not supported. 
3. Discussion on half-carrier shift
It has been discussed whether to allow half-carrier shift in NR UL when it shares with LTE UL spectrum. If half-carrier shift is adopted either by indicating UL center with 7.5 kHz shift or by baseband processing, in addition to bandwidth part configuration, UL center frequency needs to be indicated. This information can be either configured with PRACH configuration or indicated in RAR. 
Proposal 4. If half-tone shift is used, necessary information such as center frequency is indicated in PRACH configuration or RAR. 
4. Discussion on single active UL
It has been agreed to support one active UL carrier at a given time for NR NSA operation. To support this, there are overall the following approaches. 
(1) UL resources are semi-statically partitioned between NR and LTE where uplink transmission to each RAT can occur at the assigned UL resources respectively. 
(2) UL resources are dynamically used between NR and LTE based on scheduling and priority based on UCI type and/or CG. Another approach is to allow dynamically select which UL transmission to adopt in each UL resource. To handle potential collision case, priority rule based on such as UCI type and CG is necessary as due to different processing time in each CG, full collision avoidance by the scheduling may not be easily feasible. 
(3) NR and LTE DC are handled as if CA such that UCI aggregation and data can be aggregated between two CGs. In our view, this approach would lead considerable impact on RAN2. Thus, we prefer not to adopt this approach. 

4.1. Semi-static resource partitioning
The simplest approach to support single active UL is to divide resources between LTE and NR. Given LTE requires subframe-based transmission, a subset of subframes can be assigned to NR and other subframes may be assigned to LTE. If there is scheduled LTE UL transmission such as PUCCH or PUSCH in a subframe assigned to NR, a UE can drop the channel regardless whether there is NR UL transmission. To minimize the dropping, one approach is to configure reference HARQ timing. For example, for FDD, HARQ timing from FDD-TDD CA with primary cell frame structure type is 2 can be used where TDD DL/UL configuration with the same set of UL is selected. For example, if UL subframe 2, 3, 4, 7, 8, 9 are assigned for LTE, DL/UL configuration 0 can be used for HARQ-ACK timing with FDD-TDD CA. For PUSCH, regular timing can be used where scheduling can avoid collision. 
Proposal 5. FDD-TDD CA framework can be used for HARQ-ACK timing for LTE FDD to minimize HARQ-ACK dropping when semi-static partitioning is assumed.  
In case LTE TDD and NR FDD are dual connected, NR UL can be restricted to non-LTE UL subframes. In case LTE TDD and NR TDD are dual connected, by shifting frame boundary of NR, the overlapping of NR and LTE UL can be minimized. 
When semi-static resource partitioning is used, some consideration of different TA value needs be to taken care of. For example, if TA of LTE is larger than TA of NR, one or a few OFDM symbols of NR subframe needs to be yielded to LTE for TA handling. 
Proposal 6. Handling of different TA via not utilizing one or a few OFDM symbols in the assigned UL resource is supported. 
4.2. Dynamic resource partitioning
As semi-static resource partitioning may not be efficient in case traffic may change dynamically or there is underutilized RAT. To overcome the issue, one approach is to allow “dynamic UL resource sharing” where each subframe may be assigned to each RAT as a primary CG. If there is no transmission on the assigned primary CG, the resource may be used for the secondary CG. When dynamic resource sharing is considered, different processing time due to numerology and TTI lengths should be taken into account. For example, if LTE is configured with short TTI such as 2 OS sTTI operation, it is possible that UL transmission can be triggered within a subframe. Unless processing time and TTI would be equal between two RATs, it is difficult to fully anticipate UL transmission in a given resource by the other CG. Thus, when dynamic resource sharing is considered, one approach is that the CG with faster processing time and/or shorter TTI may be allowed to steal UL resource if there is no scheduled UL transmission by primary CG. For example, if short TTI operation is not configured, NR with faster processing may use unused resources by LTE. 
Alternative approach is to allow resource sharing between two RATs and handle collisions based on priority rule. For example, short UL transmission may have higher priority over long UL transmission or transmission including UCI has higher priority over transmission without UCI. When collision occurs, the lower priority channel can be dropped either partially or fully. Similar techniques used in uplink channel collisions for short TTI operation can be considered. 
Based on trade offs among different approaches, our proposal for single UL TX would be 
Proposal 7: A subset of subframes are assigned to NR where NR UL transmission are guaranteed in that subframes. LTE CG is the primary CG on other subframes. 
Proposal 8: At least when short TTI operation is not configured in LTE, unused subframes assigned to LTE can be used by NR UL transmission.   

5. Conclusion
We proposed the followings. 
Proposal 1: When SUL is configured, a UE selects one UL frequency either NR TDD/FDD UL or SUL and stays in the selected UL until it goes to RACH procedure or it is reconfigured. 
Proposal 2: Simultaneous transmission to NR TDD/FDD and SUL is not supported. 
Proposal 3: Dynamic switching between NR TDD/FDD UL frequency and SUL is not supported.
Proposal 4. If half-tone shift is used, necessary information such as center frequency is indicated in PRACH configuration or RAR
Proposal 5. FDD-TDD CA framework can be used for HARQ-ACK timing for LTE FDD to minimize HARQ-ACK dropping when semi-static partitioning is assumed.  
Proposal 6. Handling of different TA via not utilizing one or a few OFDM symbols in the assigned UL resource is supported. 
Proposal 7: A subset of subframes are assigned to NR where NR UL transmission are guaranteed in that subframes. LTE CG is the primary CG on other subframes. 
Proposal 8: At least when short TTI operation is not configured in LTE, unused subframes assigned to LTE can be used by NR UL transmission.   
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