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1 Introduction

In RAN2#99bis, the following agreement was made related to SUL [1]: 

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 

Comeback session on Wednesday:

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 signaling 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. Signaling (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 signaling would be a RAN2 decision.

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

6 
There is no RAN2 motivation to adopt DCI signaling.

In RAN1 #90bis, further details of SUL have been discussed and the foIlowing agreements were made [2]: 

	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




In this contribution, we discuss control-plane related aspects of SUL.
2 Impacts of SUL on Control Plane
SUL is being introduced in NR as a method to improve the uplink coverage for a UE operating in high frequencies.  Depending on the UL coverage  the UE may or may not need to be configured with SUL, and using the different options discussed in RAN2#99bis.
Therefore based on this we think the network should be able to configure the UE in three different modes:

1. Single UL for each cell: At cell center the UE doesn’t need to be configured with SUL. This would avoid unnecessary SRS transmission from the UE when it is in good channel conditions.  

2. SRS-only configuration (option 1):  As the UE moves away from the cell center, the NW may configure only SRS on a low frequency UL carrier (SUL) so it can determine whether/when the UE has an UL carrier in the low frequencies which may be better suited for UL transmissions.  The use of this mode of configuration (option 1 in RAN2#99bis agreements) can be for the NW to be able to change the UL, or determine when to configure both ULs based on the UE’s UL coverage.  It therefore avoids the need to configure the UE with both UL carriers at all times.
3. Full configurations for both carriers:  This mode of operations allows for a more dynamic mode of switching (option 2 in RAN2#99bis agreements) between the two UL carriers,.  This configuration is necessary for option 2, where the UE can be scheduled dynamically on either carriers.  In addition, we think this option can also be used for the case where the network would like to swicth the UL carrier while minimizing the interruptions associated with RRC re-configuration.  This option can be used even for cases where dynamic scheduling on either UL carriers is not supported.  
As a result, the RRC should be able to configure the UE with any of the above operating modes. 

Proposal 1 In RRC_CONNECTED, the UE can be configured by RRC with either:

-  a single UL configuration for a cell, 
- with the UL L1/L2 configurations for two carriers associated with the same cell 
- or with an UL L1/L2 configuration for one carrier and an SRS-only configuration on another carrier. 
RAN1 has agreed that UE specific RRC signalling can configure the  which carrier PUCCH is transmitted on, as well as whether or not the UE can be scheduled on either UL carrier (using a CIF in the DCI).  In our interpretation of the RAN1 agreements such configuration is applicable to the dynamic case only (option 2).   As described above, there is a benefit for the network to provide two full UL configuration to the UE even with single UL scheduling (e.g. dynamic scheduling on either of the carriers is not allowed/supported).  This can be used to allow the network to perform a more dynamic switch of the single UL carrier.  Therefore the network should indicate to the UE whether it can be scheduled on either UL or only on single UL.
Proposal 2 When the UE is configured with two full UL configurations for a cell, RRC indicates to the UE whether it can be scheduled on either ULs or only on a single UL
Even for single UL carrier scheduled UEs, it would be beneficial for the network to have a mechanism in which the UE can switch the UL carrier with low latency and minimal interruption time.  Once the UL carrier has switched the UE continues to use single scheduling mode of operation.   RRC signalling can be used to switch the UL carrier, however that will cause unnecessary delays and longer interruptions due to RRC reconfiguration.  Furthermore, RRC switching in scenarios where switching is expected to happen ofter can increase signalling overhead.  Therefore, a more dynamic mechanism like DCI or MAC CE should be used.  From our perspect using MAC CE is more then sufficient as unlike dynamic scheduling the switching doesn’t have to be instantenous and it should rather be more reliable.  
Proposal 3 MAC CE is used to switch an UL carrier for UEs configured to operate with single UL carrier scheduling and with  two full UL configurations 

In IDLE mode, the UE uses RMSI to determine the RACH configuration for the SUL and selects the UL carrier to transmit on based on the RSRP of the DL carrier, relative to a threshold.  Once in RRC_CONNECTED, however, the switching decision for the SUL is purely a network decision and is based on SRS transmissions by the UE in the two carriers.
For the INACTIVE state, the UE is not expected to transmit SRS.  In this case, the NW cannot determine which UL the UE should use to re-enter RRC_CONNECTED and cannot communicate that to the UE.  The same applies to re-establishment.  In addition, the UE may select a different cell in either of these cases.  As a result, the UE should delete its SUL configuration when it leaves RRC_CONNECTED, or when it triggers re-establishment.

Proposal 4 The UE deletes the SUL-related configuration at transition out of RRC_CONNECTED and in the case of re-establishment.

Another case where the NW cannot determine the appropriate UL carrier for the UE (due to inability to obtain SRS transmissions from the UE) is the case of a handover.  For handover, however, the network may still want to provide the option of initiating UL transmission to the target cell using the low frequency UL carrier (e.g. in the case the HO is performed while the UE is at the edge of UL coverage for the target cell).  To avoid that the UE reads the minimum SI of the target cell to obtain the RACH configuration for the SUL on that cell, the target cell could provide the SUL configuration in the HO command.  In this case, the UE can make a similar decision to that agreed for the case of RRC_IDLE, namely, it can use the SUL if the measured RSRP of the DL carrier in the target cell is below a threshold.
Proposal 5 During HO, the UE may be provided with an SUL configuration.

Proposal 6 The UE performs random access to the target cell on its SUL if and only if the RSRP of the DL carrier of the target is below a threshold.

3 Conclusion
In this contribution the following conclusions we made related to SUL:

Proposal 7 In RRC_CONNECTED, the UE can be configured by RRC with either:

-  a single UL configuration for a cell, 

- with the UL L1/L2 configurations for two carriers associated with the same cell 

- or with an UL L1/L2 configuration for one carrier and an SRS-only configuration on another carrier. 

Proposal 8 When the UE is configured with two full UL configurations for a cell, RRC indicates to the UE whether it can be scheduled on either ULs or only on a single UL

Proposal 9 MAC CE is used to switch an UL carrier for UEs configured to operate with single UL carrier scheduling and with  two full UL configurations 

Proposal 10 The UE deletes the SUL-related configuration at transition out of RRC_CONNECTED and in the case of re-establishment.

Proposal 11 During HO, the UE may be provided with an SUL configuration.

Proposal 12 The UE performs random access to the target cell on its SUL if and only if the RSRP of the DL carrier of the target is below a threshold.
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