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1   Introduction
The supplementary uplink was agreed to support LTE-NR coexistence and a lot of agreements were achieved in RAN1 as follows:

	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 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 


	Agreement: 

· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


From RAN2 perspective, we need to perform the detailed discussion on the SUL in order to complete the SUL by December. In this contribution, we will have an overview on the SUL support in NR and some related proposals will be provided.

2   Discussion 
2.1 RAN2 impacts overview 

In RAN1 agreements SUL is an UL only carrier which can transmit NR signal. In case when such carrier is shared with LTE, UL sharing is also supported.

From RAN2 point view, the main impact is random access, connected mode reconfigurations, power headroom reporting and some clarifications on MAC. This paper is mainly to address the impact analysis for the following three bullets, other clarifications on MAC is discussed in [1] [2] [3].
a) Random access

Mainly to address the UL selection between SUL and non-SUL carrier based on the existing random access triggering events

b)  Reconfiguration in connected mode

Mainly to address the reconfiguration on PUSCH, PUCCH and SRS on the corresponding UL carriers by NR RRC
c) PHR reporting

Mainly to address the PHR reporting for two UL carriers within a cell and adapt the corresponding PHR format
In the following sections, the detailed impacts are analyzed which is actually common irrespective whether the SUL is applied to non-standalone or standalone deployments. It is also worth mentioning that for L1/L2 impact for SUL and UL sharing from network perspective, the discussion shall be completed by December as per RAN plenary decision. Therefore it is proposed that all the above changes shall be completed by December.

Proposal 1: MAC changes including random access, PHR reporting as well as other necessary clarifications, and changes for RRC configurations shall be completed by December.
2.2 Impact on Random access

For standalone case, UE shall be able to access the NR gNB based on the system information. According to the RAN1 LS [4], the SUL information including the configurations of RACH, UL power control, threshold etc. for UL selection. In addition RAN1 has agreed that RACH procedure is completed with all uplink transmission taking place on the selected carrier. Consequently from RAN2 perspective, the following information should be included in the RMSI for SUL:
· UL carrier frequency
· UL bandwidth

· PRACH configuration

· PUSCH configuration

· PUCCH configuration

· SRS configuration

· Cyclic prefix configuration
· RACH configuration

· UL power control configuration

· Threshold for UL selection
· UL index
With respect to the UL index, as agreed in RAN1, if both SUL and non-SUL carrier are configured the network needs to be able to schedule these two PUSCHs in a dynamic TDM manner. Therefore it is necessary to configure the UL index for these two PUSCHs for the purpose of differentiating the corresponding UL carrier. As long as in Rel-15 there would be up to two UL carriers for one cell, such UL index can be either signaled in the system information or predefined as UL index =0 is non-SUL; UL index=1 is SUL. Both options are feasible, however to configure it in the system information would make better forward compatibility and therefore we slightly prefer to have it in system information.
Proposal 2: The SUL information should be included in RMSI including UL carrier frequency, UL bandwidth, PRACH configuration, PUSCH configuration, PUCCH configuration, SRS configuration, Cyclic prefix configuration, RACH configuration, UL power control configuration, Threshold for UL selection and UL index.
Besides the above, there are some other cases which would trigger contention based RA for the UEs in connected mode, e.g., SR failure or uplink asynchronization, DL/UL data arrival etc.. Similarly as what we have done in LTE, in such cases the UE should also perform the UL selection based on the broadcasted RSRP threshold as initial access procedures. This is common for both standalone and non-standalone cases when the UE is in connected mode and therefore the common configuration shown above carried in system information shall also be included in the RRC dedicated signaling.
Proposal 3: On other existing conditions triggering contention based RA for NSA and SA cases, the UE shall perform UL selection based on the RSRP threshold as initial access.
Proposal 4: The information included in RMSI in Proposal 2 shall also be included in RRC dedicated signaling.
Furthermore based on RAN1 agreement, the UE shall select the UL for initial access based on the RSRP threshold. In details, if the measured RSRP is lower than the threshold, then the SUL shall be selected to perform the random access. It is possible that different UEs might use same preamble in MSG1 on different UL carriers, which might lead to potential collision.  To avoid such collision, UL index should be taken into consideration when calculating the RA-RNTI. Details have also been discussed in [3].
Proposal 5: The RA-RNTI calculation shall take the UL index into account.
In addition to contention based RACH, contention free RACH is also used in various cases. For non-standalone case, e.g. EN-DC, as shown in the following figure, the NR gNB supporting SUL configuration acts as the SgNB. According to the existing SgNB Addition procedure, the UE shall perform contention free based Random Access to SgNB. Based on the existing agreements achieved for EN-DC, the SCG selection is performed by the SgNB and therefore the SgNB shall also make decision of the selected UL when configuring the contention free RACH resources.
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Figure 1: SgNB Addition Procedure
As agreed in RAN1and RAN2, the UE can be configured with one or two ULs if. In case of only one UL is configured, no enhancement is required. However, if two UL are configured to the UE during the SgNB Addition procedure, extra indication will be needed to inform the UE which of the UL is to perform contention free RA. This actually applies to all the MR-DC cases when the cell configured with SUL is added as a PScell or Scell. 
It is also worth mentioning that contention free RACH is also applied to some other cases, e.g. handover, DL/UL data arrival during connected mode when the serving cell is configured with SUL. Therefore, this is a common design for both NSA and standalone cases as long as the UE is in NR RRC connected mode. 
In existing mechanism, such contention free RACH can be either configured by RRC dedicated signalling or via PDCCH order indication. Consequently to support differentiate on which UL the contention free RACH resource is used, the UL index should be included together with the contention free RACH resource. In summary, only one dedicated RACH configuration associated with the corresponding UL carrier index is carried in RRC dedicated signaling, or the preamble index and its associated UL carrier index is carried in PDCCH order.
Proposal 6: For both NSA and SA cases, the UL carrier index should be indicated together with the corresponding contention free RACH resource via PDCCH order or dedicated RRC RACH configuration.
For handover case, similarly as what has been done in LTE, the system information of the target cell for initial configuration is provided to the UE by dedicated RRC signalling via the target node. When the target NR cell is a cell with SUL configuration, the SUL specific configuration should also be carried. For EN-DC, it is a similar case that if the NR SCG supports SUL, the SUL specific configuration should also be included in the SCG-Config. Both handover case and EN-DC case would include such information in the inter-node message as usual.
Proposal 7: SUL specific configuration should also be carried in the inter node messages for EN-DC and handover cases.
2.3 Impact on configuration in connected mode

As shown in the above figures, when the Random Access is completed the UE is able to perform data transmission between the gNB. During connected mode the following four cases can be configured to the UE via dedicated signalling including PUSCH, PUCCH, SRS and power control information. Each configuration shall be linked to a specific UL carrier to indicate whether these configurations are applied to SUL or non-SUL by including the associated UL index. 
Table 1: Agreed four cases

	Case 
	Normal UL
	SUL

	Case 1
	PUCCH + PUSCH
	N/A

	Case 2
	N/A
	PUCCH + PUSCH

	Case 3
	PUCCH + PUSCH
	PUSCH

	Case 4
	PUSCH
	PUCCH + PUSCH


Proposal 8: the NW shall send the RRC (re)configuration to the UE for dedicated configuration at least including PUSCH, PUCCH, SRS and power control per UL carrier within a cell with UL index
2.4 Impact on PHR

In LTE, the PHR is performed per cell. For NR the PHR is also performed per cell even there could be up to two ULs configured. When the UE is configured with non-SUL and SUL, their configurations will be independent and they will be scheduled separately. One typical scenario is that the non-SUL works on 3.5GHz and the SUL works on 1.8GHz, obviously, the configured transmission powers in non-SUL and SUL will be different and the PH will also be different. Based on this assumption, the PHR per UL within a cell should be supported. The details have been discussed in [2].
Proposal 9: Per UL PHR reporting within a cell should be supported.
3   Conclusion

In this contribution, the SUL support in NR was discussed and the following proposals were provided:
Proposal 1: MAC changes including random access, PHR reporting as well as other necessary clarifications, and changes for RRC configurations shall be completed by December.
Proposal 2: The SUL information should be included in RMSI including UL carrier frequency, UL bandwidth, PRACH configuration, PUSCH configuration, PUCCH configuration, SRS configuration, Cyclic prefix configuration, RACH configuration, UL power control configuration, Threshold for UL selection.
Proposal 3: On other existing conditions triggering contention based RA for NSA and SA cases, the UE shall perform UL selection based on the RSRP threshold as initial access.
Proposal 4: The information included in RMSI in Proposal 2 shall also be included in RRC dedicated signaling.
Proposal 5: The RA-RNTI calculation shall take the UL index into account.
Proposal 6: For both NSA and SA cases, the UL carrier index should be indicated together with the corresponding contention free RACH resource via PDCCH order or dedicated RRC RACH configuration.
Proposal 7: SUL specific configuration should also be carried in the inter node messages for EN-DC and handover cases.
Proposal 8: the NW shall send the RRC (re)configuration to the UE for dedicated configuration at least including PUSCH, PUCCH, SRS and power control per UL carrier within a cell with UL index
Proposal 9: Per UL PHR reporting within a cell should be supported.
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