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1. Introduction
For the UL sharing of LTE-NR co-existence, the following agreement was achieved during RAN1 Adhoc in January.  

Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS
In this contribution, one of the important use case for UL sharing of NR-LTE, and several mechanisms to achieve UL sharing of NR-LTE co-existence will be discussed. 

2. Discussion on use case for UL sharing of NR-LTE
From the perspective of operating, the seamless coverage with standalone operation is one key target that NR needs to achieve. Considering the diverse frequency range that NR may operate, especially those frequency bands that higher than the current LTE, e.g, 3GHz~6GHz and above 6GHz, the coverage of NR on these higher frequencies might be limited due to the larger pathloss and penetration loss. Due to the limit of the UL transmit power of UE, the uplink transmission will be the bottleneck of NR, especially when aiming to meet higher UL service target. If the UL carrier/transmission of NR can operate on a low band frequency, which frequency is just the SUL, the coverage of NR can be significantly enhanced. The SUL frequency for NR to enhance coverage can be achieved from: Case 1) the frequency LTE mode operating on; Case 2) asymmetric configuration of downlink bandwidth and uplink bandwidth in paired spectrum; Case 3) some dedicated resources used for UL transmission only. In all these cases, Case 1) is just what we called UL sharing also. It is recommended to study and specify mechanisms to achieve the benefit offered by supplementary UL frequency, especially low band SUL frequency, and further to address UL sharing of LTE and NR, so as to exploit the UL coverage benefit for NR in different deployment cases. 
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Fig. 1. Illustration of cases for supplemental UL for NR
Proposal 1: It is recommended to study and specify mechanisms to achieve the benefit offered by supplementary UL frequency, especially low band SUL frequency, and further to address UL sharing of LTE and NR, so as to exploit the UL coverage benefit for NR in different deployment cases.
3. Discussion on the mechanisms for SUL usage
In this contribution, the standalone operation of NR is to be discussed, thus the mechanisms based on NR-LTE DC are not analysed. To achieve standalone operation of NR with UL sharing of NR-LTE, both CA based solution and paired carrier based solution will be discussed. In the following, the pros and cons of the two solutions are analysed. 
· Option1): SUL worked as Scell of the carrier on unpaired spectrum. 
One example is illustrated in Fig. 2, the F2 is the NR carrier on unpaired spectrum, while the F1 is coordinated/extracted frequency to be shared between NR and LTE on paired spectrum. In this solution, for the UEs in poor coverage, it is impossible to exploit of the benefit of the lower band frequency, since the configuration of secondary uplink carrier is normally dependent on the Pcell, whose bottleneck in uplink, e.g., the initial access and RRC connection, will impose the limitation on the usage of the SUL. 
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Fig. 2. Illustration of Option1) of CA, only F2 can be the Pcell of the UE.
· Option2): SUL worked as supplementary paired Carrier of a standalone carrier on unpaired spectrum
This option is illustrated in Fig. 3. When the F2 and the UL of F1 are paired together, the initial access and RRC connection can be carried by the paired carrier, e.g., the UL transmission for initial access (Msg1 and Msg3) can be performed on UL carrier of F1 or F2 based on certain criteria (e.g., pathloss), which will offer the feasibility to maximize the usage probability of the NR downlink resources on the unpaired spectrum since the uplink transmission with higher requirement of spectrum efficiency can be carried on the UL carrier of F1, considering the better coverage performance of F1. For those uplink transmission with relatively low requirement on spectrum efficiency, the transmission can be performed on F2. Based on the above analysis, it is recommended to further study this option to enhance UL coverage of NR by UL-sharing of NR-LTE. 
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Fig. 3. Illustration of Option2) of paired carrier.
Proposal 2: Compared with CA-based solution, SUL worked as supplementary paired Carrier of a standalone carrier on unpaired spectrum can provide better coverage performance. It is recommended to further study option of SUL worked as supplementary paired Carrier of a standalone carrier on unpaired spectrum to enhance UL coverage of NR by UL-sharing of NR-LTE.
4. Conclusions 
In this contribution, we discussed one of the important use cases for UL sharing of NR-LTE, and analyze several mechanisms to achieve UL sharing of NR-LTE co-existence. We propose:  
Proposal 1: It is recommended to study and specify mechanisms to achieve the benefit offered by supplementary UL frequency, especially low band SUL frequency, and further to address UL sharing of LTE and NR, so as to exploit the UL coverage benefit for NR in different deployment cases.
Proposal 2: Compared with CA-based solution, SUL worked as supplementary paired Carrier of a standalone carrier on unpaired spectrum can provide better coverage performance. It is recommended to further study option of SUL worked as supplementary paired Carrier of a standalone carrier on unpaired spectrum to enhance UL coverage of NR by UL-sharing of NR-LTE.
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