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Introduction
[bookmark: _Ref398821160]NR-LTE co-existence in the same channel has been extensively discussed in the NR study item for better resource utilization and extending the NR coverage. According to the agreed WID for NR, the objectives for NR-LTE co-existence are as follows [1]: 
-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
In RAN1#89, UL carrier sharing were discussed with the following agreements
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

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
· Sent LS accommodating above agreement to RAN2 and RAN4 – Xiaodong (CMCC)

Agreements:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:
· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)


In this contribution, we discuss the support of UL sharing between NR and LTE. 
Discussion  
1.1 Supplementary UL sharing and UL sharing between NR and LTE

In RAN1#89, supplementary uplink frequency is supported with mechanism to be specified.  Supplementary uplink frequency is referred to an UL carrier supplemented to the NR carrier.  The supplementary uplink frequency is a complimentary UL access link to NR carrier.  The complimentary UL access link includes the UL shared channels, UL control channels and PRACH channels.  The supplementary UL frequency can be a carrier shared with LTE UL, at least for the case when NR spectrum is below 6 Ghz.  UL sharing between NR and LTE can be illustrated in Figure 1. There is low frequency spectrum operating LTE system, e.g. FDD band (F1_UL and F1_DL) in 900MHz or 2GHz, and higher frequency spectrum operating NR system, e.g. TDD band in 3.5GHz or higher (F2). The LTE UL carrier, i.e. F1_UL, is shared between LTE and NR.    DL carriers, F1_DL and F2 are dedicated for LTE and NR, respectively.   UL sharing operation is motivated by mainly two reasons as follows,

· Better resource utilization of LTE UL 
Typically, the LTE FDD UL radio resource is not fully utilized due to DL-heavy traffic arrival. Therefore, utilizing LTE UL spare radio resource for NR UL can improve the resource utilization of UL spectrum. This also provides additional radio resource allocated for DL transmission for NR TDD in higher frequency band as shown in Figure 1. 
· Improve the NR UL coverage
If the deployment of NR gNB in higher frequency band and LTE eNB in low frequency band are co-located, there will be coverage gap between NR system and LTE system.  The UL coverage issue for NR system will be more vulnerable comparing to LTE UL coverage since UE transmit power is limited and the limited number of UL slots in NR TDD. Therefore, it would be beneficial if the UL transmission for NR can be operated at UL carrier of LTE system in lower frequency in the standalone NR deployment in higher frequency band shared the cell site with LTE system. 



Fig.1 UL sharing between NR and LTE
Since most of NR UEs would be dual-mode or multi-mode with support of LTE system, operating NR UL transmission on LTE UL spectrum would rarely increase the complexity in RF and baseband processing.    Supporting complementary UL frequency for UL sharing between NR and LTE, network can have the flexibility to schedule the NR UL transmission in the desired UL frequency spectrum based on consideration of the coverage and data rate requirements.  In RAN1#89, it was agreed that UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time for standalone NR operation.  Whether NR UE supports simultaneous NR UL transmission on UL Supplementary frequency and NR UL frequencies is dependent on the UE carrier aggregation capability.  

Proposal 1:  Whether NR UE supports simultaneous UL transmission on UL Supplementary frequency and NR UL frequencies is dependent on the UE carrier aggregation capability.  

1.2 UE capability considerations to support UL sharing between NR and LTE 

UE supporting supplementary UL frequency should be part of UE capability discussion. In LTE, UL frequency is configured at each band either FDD or TDD band.  UE could have RF tuning and coupling design fixed in the RF circuit design for each band.  Supporting supplementary UL frequency would decouple the DL and UL frequency for each operating band.  This will increase the complexity and the cost of the UE RF circuit design since the RF tuning and coupling circuit would have different combination of operating bands. Thus, supporting supplementary UL frequency and UL sharing between NR and LTE should be part of UE capability discussions.  
In order to support effective NR operation with supplementary UL frequency, UE is mandatory to support supplementary UL frequency when it supports LTE and NR carrier aggregation or dual connectivity.  In this case, the gNB will have full flexibility to configure the UE UL transmission in either LTE UL frequency or NR UL frequency, or both.  


Fig 2. Support of NR-LTE UL sharing by UL carrier aggregation
· UL non-CA with UL transmission configurable between LTE and NR UL carrier frequency. 
To reduce UE complexity in supporting UL simultaneous transmission on both LTE and NR UL frequencies, it could limit the NR system to schedule UE UL transmission on either of the two frequencies. gNB determines the UL carrier for a UE to transmit the data or control considering the coverage the available spectrum resource.  
The UL carrier configuration in this case can have two alternatives, i.e. semi-static UL carrier configuration and dynamic UL carrier configuration, as shown in Figures 3 and 4, respectively.  In the semi-static configuration case, the UL carrier used for data and control transmission can be assigned by gNB by RRC signalling. UE RF retuning would be necessary during the UL carrier reconfiguration and the UE behaviour should be specified. 


Fig 3. Support of NR-LTE UL sharing by semi-static UL carrier configuration
In the dynamic configuration case, the UL carrier used for data and control transmission can be indicated by gNB using L1/L2 signaling. UE RF retuning will be more frequent than semi-static case thus the potential resource loss due to the retuning is expected to be higher. 


Fig 4. Support of NR-LTE UL sharing by dynamic UL carrier configuration

Proposal 2:  Supporting UL Supplementary frequency should be part of UE capability  

Conclusions
In this contribution, we discussed several UE capability alternatives to support supplementary UL frequency and NR-LTE UL sharing in the standalone and non-standalone deployments.  We have the following proposals,

· Proposal 1:  Whether NR UE supports simultaneous UL transmission on UL Supplementary frequency and NR UL frequencies is dependent on the UE carrier aggregation capability.  
· Proposal 2:  Supporting UL Supplementary frequency should be part of UE capability  
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