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1    Introduction
RAN1 have discussed the support of supplementary uplink frequency (SUL) for several meetings. In RAN1#89 and RAN1#90 meeting, two liaisons were agreed and sent to RAN2 [1] [2]. The related agreements are provided as follows.
	During RAN1#89 meeting, RAN WG1 has agreed to specify mechanisms for supporting supplementary Uplink frequency as below:
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



	In RAN1 #90 meeting, the following was agreed:
Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 


In this contribution, we discuss the potential RAN2 impacts on support of supplementary uplink frequency.
2    Discussion
2.1 Uplink configuration parameters of SUL
According to RAN1 LS [2], the following information of the SUL should be captured in the RMSI:
· RACH configuration
· UL power control configuration
· Threshold for UL selection
However, from RAN2 perspective, the listed information is not enough to support UE initial access via the SUL. Based on the LTE system information design, we propose to add the following IEs as the SUL information:
· UL carrier frequency
· UL bandwidth
· PRACH configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
· UL cyclic prefix configuration
However, in NR the radio resource configuration is still under discussion and it is FFS whether the above listed configuration will be kept. Anyway the common radio resource configuration will be defined in the system information for NR cell and the uplink configuration will be included. To our understanding, we can take the radio resource configuration to be defined in NR SI as baseline and all the uplink part within it should be indicated as the configuration information for SUL. Besides it, the SUL specific configuration should also be included, e.g., the threshold for UL selection.
Proposal 1: The SUL configuration shall at least include all uplink configuration parameters defined for NR, i.e. UL carrier frequency, UL bandwidth, PRACH configuration, PUSCH configuration, PUCCH configuration, SRS configuration, UL cyclic prefix configuration and UL power control configuration etc. In addition the SUL configuration shall also contain additional parameters at least including threshold for UL selection.
Then the question is where the configuration should be put. In LTE, cell specific parameters which are used for IDLE mode UE are provided in broadcast signalling. We believe same principle shall be used for NR SUL. Therefore we can split the parameters in proposal 1 into common resources configuration (include cell specific parameters) and dedicated resources configuration (UE specific parameters). Common resources related parameters shall be included in RMSI, including:
· UL carrier frequency
· UL bandwidth
· RACH configuration
· UL power control configuration
· Threshold for UL selection
· PRACH configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
· Cyclic prefix configuration
In addition, for EN-DC or handover scenario, the common resources configuration for SUL shall be transferred to the UE via dedicated signalling since for EN-DC the UE is not required to read system information, and for handover to reduce the interruption time, the UE shall get the information without reading the system information from the target cell.

Proposal 2: Common resources configuration for SUL shall be contained in RMSI and RRC dedicated signalling, as listed below:
· UL carrier frequency
· UL bandwidth
· RACH configuration
· UL power control configuration
· Threshold for UL selection
· PRACH configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
· UL cyclic prefix configuration
Dedicated resources parameters for SUL include:
· UL power control configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
Proposal 3: Dedicated resources configuration for SUL shall be contained in RRC dedicated signalling as listed below:
· UL power control configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
In order to simplify the RMSI structure, it is preferred to define a new IE to include all the SUL configuration parameters mentioned above. Taking the LTE RRC message structure as baseline, the IE can be named RadioResourceConfigCommonSUL and all the parameters included are cell specific and to be carried in RMSI or RRC dedicated signalling. Similarly, a RadioResourceConfigDedicatedSUL IE can be defined for dedicated resource configuration. 
Proposal 4: Define a RadioResourceConfigCommonSUL IE to support common resource configuration for SUL including all the SUL configuration in Proposal2 in RMSI and RRC dedicated signalling.
Proposal 4a: Define a RadioResourceConfigDedicatedSUL IE to support dedicated resource configuration for SUL including all the SUL configuration in Proposal3 in RRC dedicated signalling.
2.2 UE capability 
According to RAN4 agreement, SUL bands are defined in the general NR operating bands table and SUL-NR band combinations are defined in a separate table. Both single uplink transmission at one time and dual uplink simultaneous transmission can be considered [4]. 
If UE supports certain band combination with one SUL band and one regular NR band, for uplink it means that UE can work in the following manners:
1) SUL uplink
2) Regular NR uplink
3) SUL uplink + regular NR uplink (if UE supports dual uplink simultaneous transmission)
According to RAN plenary discussion, NSA SUL is also supported in Rel-15, which is band combination with at least three bands, i.e. LTE, SUL and regular NR. In this case, except for the supported band combination, UE needs to report the multiple uplink transmission capability, i.e. whether or not to support simultaneous uplink transmission and which uplink combination (s) can be transmitted simultaneously between LTE and NR. 
Hence, we propose that the SUL UE capability should include at least:
· SUL band combination for SA i.e. SUL+ regular NR 
· The SUL band combination reported by the UE implicitly indicates the support of SUL feature
· Single uplink or simultaneous uplink transmission between SUL and regular NR
· SUL band combination for NSA i.e. LTE+SUL+ regular NR
· The SUL band combination reported by the UE implicitly indicates the support of SUL feature
· Single uplink or simultaneous uplink transmission, i.e. whether or not to support simultaneous uplink transmission and which uplink band combination (s) can be transmitted simultaneously between LTE and NR.
Proposal 5: The SUL UE capability should indicate the supported SUL band combination and single/simultaneous uplink transmission capability in NR system.
So far, only band combinations with one SUL band and one NR band are proposed. But RAN2 signaling design needs to consider forward compatible. From our understanding, it is possible to have more than one SUL band/CC + more than one NR band/CC. 
Proposal 6: RAN2 singling design need to support SUL band combination with more than one SUL band/CC and more than one NR band/CC.
2.3 Uplink frequency switch in connected mode
The main motivation of introducing SUL is to improve the UL coverage for the high frequency scenarios. As mentioned in RAN1 LS, for initial access, UE will select the PRACH resources based on measured RSRP. UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold. 
After initial access procedure UE can continue to transmit in the uplink of the carrier where initial access procedure is performed. If UE is not capable of simultaneous uplink transmission, network could switch UE to another carrier. The switch from regular carrier to SUL carrier is mainly because of coverage issue. The switch from SUL carrier to regular carrier is mainly because of load balance i.e. to leave resource on SUL carrier to serve UE at cell edge  The switch can be performed by the following two solutions:
1) RRC reconfiguration
2) MAC CE
In general, the network could configure the UL frequencies for connected UE via RRC messages. Every time the network performs the configuration, only the configuration of the selected UL should be included in the RRC message. Then, based on UE measurement report, the network is able to make the decision to switch the UL and configure UE with the new uplink configuration. 
For MAC CE based solution, the network should provide two set of uplink configurations of two different frequencies to the connected UE in the initial configuration via RRC message and according to the RAN1 agreements, only one of them should be activated. Then, based on the feedback from the UE side in real time, the network is able to monitor the UL condition and when the condition of the switch UL frequency is met, the network should perform the UL switch via the MAC CE. 
For NSA NR, the SUL is also applicable. In NSA scenario, no matter whether SUL configuration information is broadcasted by SgNB or not, the UE is able to get the SUL configuration information from the NR SgNB by SgNB generated NR RRC configuration. With the SUL configuration information, based on MAC CE from SgNB, the UE is indicated which UL shall be used for SgNB side, i.e. the NR RRC configuration and MAC CE performed in NR SgNB side can be same as that in SA NR cases
Proposal 7: NR should signal two set of UL resources configuration to the connected UE via RRC configuration and use MAC CE or RRC to indicate which UL shall be used, and the solution can be applicable for SUL of SA and NSA.
3   Conclusions
In this contribution, we discuss the RAN2 impacts on support of supplementary uplink frequency and propose that:
Proposal 1: The SUL configuration shall at least include all uplink configuration parameters defined for NR, i.e. UL carrier frequency, UL bandwidth, PRACH configuration, PUSCH configuration, PUCCH configuration, SRS configuration, UL cyclic prefix configuration and UL power control configuration etc. In addition the SUL configuration shall also contain additional parameters at least including threshold for UL selection.
Proposal 2: Common resources configuration for SUL shall be contained in RMSI and RRC dedicated signalling, as listed below:
· UL carrier frequency
· UL bandwidth
· RACH configuration
· UL power control configuration
· Threshold for UL selection
· PRACH configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
· UL cyclic prefix configuration
Proposal 3: Dedicated resources configuration for SUL shall be contained in RRC dedicated signalling as listed below:
· UL power control configuration
· PUSCH configuration
· PUCCH configuration
· SRS configuration
Proposal 4: Define a RadioResourceConfigCommonSUL IE to support common resource configuration for SUL including all the SUL configuration in Proposal2 in RMSI and RRC dedicated signalling.
Proposal 4a: Define a RadioResourceConfigDedicatedSUL IE to support dedicated resource configuration for SUL including all the SUL configuration in Proposal3 in RRC dedicated signalling.
Proposal 5: The SUL UE capability should indicate the supported SUL band combination and single/simultaneous uplink transmission capability in NR system.
Proposal 6: RAN2 signaling design need to support SUL band combination with more than one SUL band/CC and more than one NR band/CC.
Proposal 7: SUL resources configuration can be signalled through either RRC reconfiguration or MAC CE, and the solution can be applicable for SUL of SA and NSA.
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