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1. Introduction

In the last meeting, RAN2 and RAN1 made a few agreements on SUL.
Agreements for SUL operation in connected mode:
1
When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)

2
At any point in time, each serving cell has at most one PUSCH for transmission

Options for further discussion on RRC signalling to configure SUL

1
RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.

2
RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs 
Clarification of agreements

1
In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signalling options. 

2
RAN2 consider that it is up to RAN1 to decide where PUCCH is transmitted

3
Option 2 is clarified to " RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, to use both ULs but not schedule them simultaneously based on agreement 1 above"

4
Final decision to use MAC CE signalling would be a RAN2 decision.

5
Final decision to use L1 signalling would be a RAN1 decision.

6 
There is no RAN2 motivation to adopt DCI signalling.
Agreement from RAN1: 

-          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



o    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 



o    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 



o    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



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

This paper will discuss the procedure for SUL based on the normal RRC procedure. 
2.
Discussion
2.1 Supplementary Uplink (SUL)
The supplementary uplink (SUL) intends to overcome the weak uplink coverage. For example, a mismatch between DL and UL coverage can happen in NR frequencies as in below figure 1. In that case, a lower frequency can be used as a supplementary uplink for UL coverage extension purpose because the lower frequency usually provides better coverage as in figure 2. RAN2 is considering two options:
1
RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.

2
RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs 

It means that at least the partial UL configuration (i.e. SRS configuration) is provided regardless of options when SUL is configured. Whenever UE performs its initial access via SUL, it can be regarded that the UE by itself triggers the SUL. Therefore, the gNB needs to provide the relevant UL configuration on two uplinks even during the initial access procedure. 
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Figure 1: Mismatch between DL and UL coverage for NR in 3.5GHz TDD.
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Figure 2: NR sharing with 1.8 GHz UL
2.2 Procedures for SUL support
Figure 1 shows an expected SUL procedure. If a gNB supports the SUL, the additional factors should be considered in the normal RRC procedure (see blue texts in the figure). For example, 
· SUL information in the system information is broadcast, e.g. servingCellConfigCommon IE for NR UL and SUL, which includes RACH configuration and uplink selection parameters,
· DL RSRP-based uplink selection,
· UE capability structure for SUL support and 
· UE behavior for switching the uplink.
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Figure 1

SUL procedure
1. The gNB broadcasts servingCellConfigCommon IE both for NR UL and SUL if it supports SUL. Since the UE selects either NR UL or SUL, the IE servingCellConfigCommon includes all cell-specific configuration both for NR UL and for SUL. The gNB also provides a threshold used to compare to DL RSRP in the uplink selection rule on broadcast.
Proposal 1: The gNB supporting SUL broadcasts servingCellConfigCommon IE including all cell-specific configuration both for NR UL and for SUL. The gNB also provides a threshold value used to compare to DL RSRP in the uplink selection rule on broadcast.
2. The UE selects one uplink between NR UL and SUL based on the RSRP-based uplink selection rule. In RAN1#97, RAN1 made the following agreement on selecting the initial uplink: 

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
3. The UE transmits a preamble on the selected uplink. Then the selected uplink becomes the PUCCH carrier. The default location of the PUSCH is the same carrier as used by PUCCH.
4. The UE receives RAR on downlink.
5. Upon receiving the RAR, the UE starts the timeAlignmentTimer corresponding to the selected uplink. 
6. The UE transmits Msg3 carrying the RRC Connection Request.
7. The UE receives Msg4 carrying the RRC Connection Setup. The RRC message includes the IE servingCellConfigDedicated. The IE carries the UE-dedicated configuration on the uplink selected for the random access. In this step, if the UE has performed its initial access on SUL, it is regarded that the SUL is configured. Accordingly, the gNB provides at least SRS configuration on the opposite uplink, or full uplink configuration on the opposite uplink.
Proposal 2: If the UE performs its initial access on SUL, gNB provides at least SRS configuration on the opposite uplink, or full uplink configuration on the uplink in the RRC Connection Setup. 
8. The UE transmits RRC Connection Setup Complete in the response of the RRC Connection Setup. After the network receives the NAS container included in the RRC message, the network provides the UE capability to gNB if it has kept. If not, the gNB inquires the UE capability. In this step, the gNB identifies the UE capability for SUL support.
9. The gNB can provide the SUL configuration by using the IE servingCellConfigDedicated for various purposes, e.g.
· triggering SUL on either option 1 or option 2 if SUL has not been configured yet

· When going to option 1, the IE includes at least SRS configuration on the opposite uplink. Otherwise, when going to option 2, the IE includes full UL configuration on the opposite uplink.
· switching PUCCH

· According to RAN1 agreement, PUCCH is configured by RRC.

· Releasing one uplink while keeping SUL operation (in option 1), or SUL operation
· The gNB can release or deactivate the uplink configuration on one uplink, except for SRS configuration if it wants to keep the SUL operation. On the other hand, it can release the SUL operation at all. Therefore, in signalling aspect, it is required to distinguish between two cases.  FFS on whether to support activation/deactivation and the corresponding MAC CE for SUL operation. 
10. In any time after providing the configuration on the opposite carrier, the gNB may send PDCCH order for the synchronization with the uplink. If the difference of the two uplink timing is trivial, such separate synchronization process may not be required. Regardless of it, it is beneficial to make the synchronization before switching by using the L1 signalling so that the switching delay can be excluded. Considering the synchronization for two uplinks, separate timeAlignmentTimer could be introduced. But, we assume that a single timeAlignmentTimer can be still used with a simple UE behavior definition. 
Proposal 3: After receiving two uplink configurations, the UE shall keep synchronization for two uplinks. FFS if the separate timeAlignmentTimer is kept for each uplink.
Regarding the synchronization issue on two uplinks, we have another paper, R2-1712868.
Proposal 4: The uplink synchronization shall be kept before receiving L1 signalling.

11. The UE also keeps separate timeAlignmentTimer if defined. 

12. The gNB decides to switch to the opposite uplink carrier for PUSCH transmission. 
13. The UE receives the L1 signalling for switching purpose. 
14. The UE switches to the opposite carrier for PUSCH transmission. 
3. Conclusion
Regarding SUL procedure, it is proposed that
Proposal 1: The gNB supporting SUL broadcasts servingCellConfigCommon IE including all cell-specific configuration both for NR UL and for SUL. The gNB also provides a threshold value used to compare to DL RSRP in the uplink selection rule on broadcast.

Proposal 2: If the UE performs its initial access on SUL, gNB provides at least SRS configuration on the opposite uplink, or full uplink configuration on the uplink in the RRC Connection Setup. 

Proposal 3: After receiving two uplink configurations, the UE has to keep synchronization for two uplinks. FFS if the separate timeAlignmentTimer is kept for each uplink.
Proposal 4: The uplink synchronization shall be kept before receiving L1 signalling.
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