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1 Introduction

To improve the UL coverage in high frequency, a special uplink carrier, called supplementary uplink (SUL), is introduced in RAN1/RAN2 discussions. With SUL, the UE can be configured with 2 UL carriers (i.e., non-SUL and SUL) and one DL carrier for the same cell. In this contribution, we will address SUL issue over F1 interface.  
2 Discussions

In agreed TS38.300 [1], the descriptions on SUL can be found as follows:

	6.9
Supplementary Uplink

In case of Supplementary Uplink (SUL, see 3GPP TS 38.101 [18]), the UE is configured with 2 ULs for one DL of the same cell, and uplink transmissions on those two ULs are controlled by the network to avoid overlapping PUSCH transmissions in time. In addition, initial access is supported in each of the uplink (see subclause 9.2.6). An example of SUL is given in Annex B.
B.1
Supplementary Uplink

To improve UL coverage for high frequency scenarios, SUL can be configured (see 3GPP TS 38.101 [18]). With SUL, the UE is configured with 2 ULs for one DL of the same cell as depicted on Figure B.1-1 below:
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Figure B.1-1: Example of Supplementary Uplink


In previous RAN2 meetings (RAN2#99bis and RAN2#100), the following agreement was achieved to the UE in connected mode:
	Agreements for SUL operation in connected mode:
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)
In RRC signalling separate UL configuration and SUL configuration structures as they both only represent up to one UL configuration. The setupRelease structure can be used to indicate addition/modification/removal for each UL.


It can be observed that:

Observation 1: the UE can be configured with SUL only, or non-SUL only, or both via RRC signaling. 

Observation 2: the SUL and non-SUL can be added/modified/removed separately at UE side by gNB.

Based on the above observations, the following issue is to determine when to use SUL only or non-SUL only or both. At UE side, for RA procedure, RAN1 achieved the following agreements:
	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


In RAN2#100, the following agreements were achieved for the UE in the connected mode:

	For contention based RA, if the network does not explicitly tell the UE which carrier to use, the UE shall perform UL selection based on the RSRP threshold as initial access.
For contention free RA, the network explicitly indicates to the UE which UL carrier to used (e.g. in PDCCH order or via dedicated RRC RACH configuration) (For PDCCH order case RAN1 needs to make final decision if the carrier can be indicated in the DCI)


Thus, we can observe that:

Observation 3: for contention based RA procedure, the UE can select the SUL based on the RSRP of the DL carrier. 

Observation 4: for contention free RA procedure, the network can explicitly indicate which UL carrier to be used. 

Moreover, for PUCCH and PUSCH, RAN1 achieved the following agreements:
	· 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


With those agreements, we can observe that:
Observation 5: for PUCCH and PUSCH, gNB can indicate their location via RRC signaling or DCI. 
In summary, the above five observations indicate that 

Observation 6: the UE behavior of UL carrier selection has been explicitly defined, i.e., either by UE selection or by gNB indication.

However, the UL carrier selection for, e.g., PRACH for contention free RA, PUCCH and PUSCH, at gNB side is not discussed yet. It seems to be gNB implementation issue. In general, as indicated in Observation 3, whether to use SUL or non-SUL can take the signal quality of DL carrier into account. It is aligned with the intention of introducing SUL, i.e., when the DL carrier becomes worse, the non-SUL corresponding to DL may be not good enough, and then the SUL can be used. Following this principle, the gNB can determine the usage of SUL and non-SUL based on the measurement results of DL carrier. 
Observation 7: the gNB can determine the usage of SUL and non-SUL based on the measurement results of DL carrier. 

For CU-DU split case, the measurement results of DL carrier are derived at gNB-CU side. For example, during en-gNB addition in EN-DC case, such results are received from MeNB; for connected mode in NSA and SA case, such results are reported to gNB-CU by UE. As agreed in RAN3#AH-1801 meeting, “PSCell/PCell can only be selected by the gNB-CU, gNB-DU either accepts or rejects the PSCell/PCell requested by gNB-CU”. Since SUL is a part of Cell, the gNB-CU can determine whether to configure SUL or non-SUL or both to the UE. Then, gNB-CU indicates its decision to the gNB-DU, and gNB-DU can generate the UL configurations accordingly.
Proposal 1: the gNB-CU decides whether to configure SUL or non-SUL or both to the UE. 
On the other hand, the gNB-DU can derive the DL/UL carrier quality based on, e.g., CQI feedback, UL measurement. Thus, if both SUL and non-SUL are configured to the UE, gNB-DU can determine the carrier used for, e.g., contention free RA procedure, PUSCH. 
Proposal 2: the gNB-DU decides the carrier used for, e.g., contention free RA procedure, PUSCH, if both SUL and non-SUL are configured to the UE. 
3 Conclusion
In this contribution, we review some RAN1/RAN2 agreements on SUL, and derive the following observations:

Observation 1: the UE can be configured with SUL only, or non-SUL only, or both via RRC signaling. 

Observation 2: the SUL and non-SUL can be added/modified/removed separately at UE side by gNB.

Observation 3: for contention based RA procedure, the UE can select the SUL based on the RSRP of the DL carrier. 

Observation 4: for contention free RA procedure, the network can explicitly indicate which UL carrier to be used. 

Observation 5: for PUCCH and PUSCH, gNB can indicate their location via RRC signaling or DCI.
Observation 6: the UE behavior of UL carrier selection has been explicitly defined, i.e., either by UE selection or by gNB indication.

Observation 7: the gNB can determine the usage of SUL and non-SUL based on the measurement results of DL carrier. 

Then, we discuss the SUL addition/release at gNB side considering CU-DU split structure, and we propose

Proposal 1: the gNB-CU decides whether to configure SUL or non-SUL or both to the UE.
Proposal 2: the gNB-DU decides the carrier used for, e.g., contention free RA procedure, PUSCH, if both SUL and non-SUL are configured to the UE. 
With the above proposals, the gNB-CU can indicate the UL carrier usage to the gNB-DU during UE context setup/modification procedure. The corresponding stage 3 TP is given below.  
References
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---------------------------- Start of 1st TP ---------------------------
8.3.1
UE Context Setup 

8.3.1.1
General
The purpose of the UE Context Setup procedure is to establish the UE Context including among others SRB, and DRB data. The procedure uses UE-associated signalling.

8.3.1.2
Successful Operation
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Figure 8.3.1.2-1: UE Context Setup Request procedure: Successful Operation

The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE.
If the SpCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].

If the DRX Cycle IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall use the provided value from the gNB-CU.

If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
If the SpCell UL Carrier Usage IE or SCell UL Carrier Usage IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall configure the UL carrier(s) accordingly.
The gNB-DU shall report to the gNB-CU, in the UE CONTEXT SETUP RESPONSE message, the result for all the requested DRBs and SRBs in the following way:

-
A list of DRBs which are successfully established shall be included in the DRB Setup List IE;

-
A list of DRBs which failed to be established shall be included in the DRB Failed to Setup List IE;

-
A list of SRBs which are successfully established shall be included in the SRB Setup List IE;

-
A list of SRBs which failed to be established shall be included in the SRB Failed to Setup List IE.

When the gNB-DU reports the unsuccessful establishment of a DRB or SRB, the cause value should be precise enough to enable the gNB-CU to know the reason for the unsuccessful establishment.

For EN-DC operation, the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [15].

If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], it shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT SETUP REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.

If the Resource Coordination Transfer Container IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
---------------------------- End of 1st TP ---------------------------
---------------------------- Start of 2nd TP ---------------------------
8.3.4
UE Context Modification (gNB-CU initiated)
8.3.4.1
General
The purpose of the UE Context Modification procedure is to modify the established UE Context, e.g., establishing, modifying and releasing radio resources for user data transport. This procedure is also used to command the gNB-DU to stop data transmission for the UE. The procedure uses UE-associated signalling.

8.3.4.2
Successful Operation
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Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation

The F1AP UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.

If the SpCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].

If the DRX Cycle IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall use the provided value from the gNB-CU.

If the SRB To Be Setup List IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].

If the DRB To Be Setup List IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].
If the SpCell UL Carrier Usage IE or SCell UL Carrier Usage IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall configure the UL carrier(s) accordingly.
Upon reception of the UE Context Modification Request message, the gNB-DU shall perform the modifications, and if successful reports the update in the UE CONTEXT MODIFICATION RESPONSE message.

If the UE CONTEXT MODIFICATION REQUEST message contains the Transmission Stop Indicator IE, the gNB-DU shall stop data transmission for the UE. It is up to gNB-DU implementation when to stop the UE scheduling.

If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], after completion of UE Context Setup procedures, the gNB-CU shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT MODIFICATION REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.

If the Resource Coordination Transfer Container IE is included in the UE CONTEXT MODIFICATION RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
---------------------------- End of 2nd TP ---------------------------
---------------------------- Start of 3rd TP ---------------------------
9.2.2
UE Context Management messages

9.2.2.1
UE CONTEXT SETUP REQUEST

This message is sent by the gNB-CU to request the setup of a UE context.
Direction: gNB-CU ( gNB-DU. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID 
	O
	
	9.3.1.5
	
	YES
	ignore

	SpCell ID
	M
	
	NCGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]
	YES
	reject

	SpCell UL Carrier Usage 
	O
	
	UL Carrier Usage

9.3.1.x
	The usage of SUL carrier and non-SUL carrier for SpCell
	YES
	ignore

	CU to DU RRC Information
	M
	
	9.3.1.25
	
	YES
	reject

	DRX Cycle 
	O
	
	DRX Cycle 

9.3.1.24
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	ignore

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	0 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI

9.3.1.12
	SCell Identifier in gNB
	-
	-

	>>SCell Index
	M
	
	INTEGER (0..63)
	
	
	

	>> SCell UL Carrier Usage
	O
	
	UL Carrier Usage

9.3.1.x
	The usage of SUL carrier and non-SUL carrier for SCell
	
	

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	1 .. <maxnoofSRBs>]
	
	
	
	

	>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs> 
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>E-UTRAN QoS
	O
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	>> RLC Mode
	M
	
	9.3.1.27
	
	-
	




---------------------------- End of 3rd TP ---------------------------
---------------------------- Start of 4th TP ---------------------------
9.2.2.7
UE CONTEXT MODIFICATION REQUEST

This message is sent by the gNB-CU to provide UE Context information changes to the gNB-DU.
Direction: gNB-CU ( gNB-DU

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	SpCell ID
	O
	
	NCGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]
	YES
	Ignore

	SpCell UL Carrier Usage 
	O
	
	UL Carrier Usage

9.3.1.x
	The usage of SUL carrier and non-SUL carrier for SpCell
	
	

	DRX Cycle 
	O
	
	DRX Cycle 

9.3.1.24
	
	YES
	ignore

	CU to DU RRC Information


	O


	
	9.3.1.25
	
	YES
	reject

	Transmission Stop Indicator
	O
	
	9.3.1.11
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	ignore

	RRC-Container
	O
	
	9.3.1.6
	
	YES
	reject

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	<0 .. maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI

9.3.1.12
	SCell Identifier in gNB
	-
	-

	>>SCell Index
	O
	
	INTEGER (0..15)
	
	
	

	>> SCell UL Carrier Usage
	O
	
	UL Carrier Usage

9.3.1.x
	The usage of SUL carrier and non-SUL carrier for SCell
	
	

	SCell To Be Modified List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Modified Item IEs
	
	<0 .. maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI

9.3.1.12
	SCell Identifier in SgNB
	-
	-

	>> SCell UL Carrier Usage
	O
	
	UL Carrier Usage

9.3.1.x
	The usage of SUL carrier and non-SUL carrier for SCell
	-
	-

	SCell To Be Removed List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Removed Item IEs
	
	<0 .. maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI

9.3.1.12
	SCell Identifier in gNB
	-
	-

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	<1..maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>E-UTRAN QoS
	O
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List 
	
	1
	
	
	
	

	>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	>> RLC Mode
	M
	
	9.3.1.27
	
	-
	

	DRB to Be Modified List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Modified Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>E-UTRAN QoS
	O
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List 
	
	0..1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	SRB TO Be Released List
	
	0..1
	
	
	
	

	>SRB To Be Released Item IEs
	
	<1..maxnoofSRBs>
	
	
	
	

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Released List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Released Item IEs
	
	<1 .. maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	


---------------------------- End of 4th TP ---------------------------


---------------------------- Start of 5th TP ---------------------------
9.3.1.x

UL Carrier Usage
The UL Carrier Usage IE indicates usage of the SUL carrier and non-SUL carrier for the corresponding cell.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL Carrier Usage
	M
	
	ENUMERATED (

SUL, non-SUL, both, …) 
	Indicate the UL carrier(s) to be configured to the UE




---------------------------- End of 5th TP ---------------------------
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