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1
Introduction
The test model and ASPs need to be enhanced to cover the supplementary uplink (SUL) feature and to implement SUL test cases.
2
General
The general principle of SUL are:

· The UE can be configured with 2 ULs for one DL of the same cell. Extract of Figure B.1-1 of TS 38.300.
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Figure B.1-1: Example of Supplementary Uplink
In TS 38.508-1, NR Cell 33 is defined as an NR Cell with the SUL carrier: NRf9. We think it would be more aligned to the core specification to define NR Cell 33 as an additional carrier associated to NR Cell 1.
· PUCCH is only configured in one of the 2 uplink carriers of the cell. 

· Overlapping transmissions on PUSCH are avoided through scheduling. An uplink grant can only be signalled for one of the 2 ULs of the cell using the field UL/SUL indicator in DCI 0_x. 
· For random access in a cell configured with SUL, the network can explicitly signal which carrier to use (UL or SUL) through RRC signalling or PDCCH order. Or the UE selects the SUL carrier depending on the measured quality of the DL. Once started, all uplink transmissions of the random access procedure remain on the selected carrier.
3.
Test specifications
3.1
Test coverage in RAN5 SIG

Currently in 38.523-1 and in the 5GS work plan, there is one NR/5GC SUL test case: TC 7.1.1.1.5. It includes one test purpose checking that UE initiates RACH procedure on SUL based on the measured quality of DL. It also checks that UE can loopback data on SUL (without TP).
3.2
Potential test specification issues
We identified the following potential issues in TS 38.508-1 version 16.1.1 (Oct’19):

- NR Cell 33 should be defined as an additional carrier associated to NR Cell 1

- In ServingCellConfigCommonSIB, PUCCH is configured in both NUL and SUL carriers. This is against TS 38.331 clause 6.3.2 (See BWP paragraph).
- PUCCH configuration is not consistent: in ServingCellConfigCommon it is configured on NUL and in ServingCellConfig it is configured on NUL xor SUL
- The same apply to PUSCH but it should be configured in both carriers
- DCI tables should include an extension for SUL
The issues above are impacting SUL test case 7.1.1.1.5.

4.
Initial test model

This initial test model is needed for TC 7.1.1.1.5. 
4.1
Test model addition in 38.523-3

5.2.1.4
NR supplementary uplink
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Figure 5.2.1.4-1: Test model for NR/5GC Layer3 supplementary uplink testing

The NR/5GC Layer3 supplementary uplink test model builds on top of the NR/5GC Layer3 test model, with the differences specified hereafter.

In the SS side:

-
The NR cell is configured with one uplink (NUL) carrier and one supplementary uplink (SUL) carrier. 

-
The SUL routing information shall be provided by SS in the common part of the indication ASP when the data is received from the SUL carrier. 

-
The SS shall monitor both NUL carrier and SUL carrier for PRACH reception. TTCN checks whether RA Msg1 and RA Msg3 are received from NUL or SUL carrier using the SUL routing information in the indication ASP.

-    The UL scheduling Grants are configured from TTCN over the system control port for PUSCH transmission on the NUL carrier or the SUL carrier.  
4.2
ASP considerations
4.2.1
Configuration of SUL carrier
The supplementary uplink field is already included in NR_CellConfigPhysicalLayerUplink_Type, but it is necessary to add the configuration information for PUSCH on the supplementary uplink carrier.
NR_CellConfigPhysicalLayerUplink_Type

	TTCN-3 Record Type

	Name
	NR_CellConfigPhysicalLayerUplink_Type

	Comment
	physical layer configuration at the SS for the uplink of a cell

	Uplink
	NR_Uplink_Type
	opt
	

	SupplementaryUplink
	NR_Uplink_Type
	opt
	

	TimingAdvance
	NR_SS_TimingAdvanceConfig_Type
	opt
	

	PUSCH_ServingCellConfig
	NR_ASN1_PUSCH_ServingCellConfig_Type
	opt
	

	PUSCH_ServingCellConfigSUL
	NR_ASN1_PUSCH_ServingCellConfig_Type
	opt
	


NR_Uplink_Type

	TTCN-3 Union Type

	Name
	NR_Uplink_Type

	Comment
	

	Config
	NR_UplinkConfig_Type
	

	None
	Null_Type
	in case the uplink or supplementary uplink is not used/needed


4.2.2
SUL routing information in Indication ASPs
The SUL routing information is added in the common part of indication ASP, for SS to indicate to TTCN that the received indication came from the supplementary uplink carrier. E.g. to be used to report PRACH preamble or C-RNTI MAC CE information in TC 7.1.1.1.5 or to receive loopback data on DRB.
NR_IndAspCommonPart_Type

	TTCN-3 Record Type

	Name
	NR_IndAspCommonPart_Type

	Comment
	

	CellId
	NR_CellId_Type
	
	

	RoutingInfo
	NR_RoutingInfo_Type
	
	

	RoutingInfoSUL
	NR_RoutingInfoSUL_Type
	opt
	Included when data is received from SUL carrier

	RlcBearerRouting
	RlcBearerRouting_Type
	
	

	TimingInfo
	TimingInfo_Type
	
	

	Status
	IndicationStatus_Type
	
	


	TTCN-3 Basic Types

	NR_RoutingInfoSUL_Type
	Null_Type
	


4.2.3
PRACH procedure with SUL
A comment is added to indicate that when SUL is configured the SS RACH procedure is handled by SS on both carriers.

NR_RachProcedureConfig_Type

	TTCN-3 Record Type

	Name
	NR_RachProcedureConfig_Type

	Comment
	parameters to control the random access procedure; TS 38.321, clause 5.1. When SUL is configured, SS shall monitor UE RACH transmissions on both uplink and supplementary uplink carriers.
NOTE: RACH-ConfigCommon and RACH-ConfigDedicated are contained in NR_UplinkBWP_Type already (RACH-ConfigCommon as part of BWP-UplinkCommon). When supplementary uplink is configured, RACH-ConfigCommon and RACH-ConfigDedicated are contained in the fields Uplink and SupplementaryUplink.

	RachProcedureList
	NR_RachProcedureList_Type
	opt
	in normal cases there is one element which is used for any RA procedure


NR_RachProcedureList_Type

	TTCN-3 Record of Type

	Name
	NR_RachProcedureList_Type

	Comment
	to simulate RACH procedure with one or more than one attempt by the UE:

There is one element in the list per PRACH Preamble attempt

	record  of NR_RachProcedure_Type


NR_RachProcedure_Type

	TTCN-3 Record Type

	Name
	NR_RachProcedure_Type

	Comment
	

	RandomAccessResponse
	NR_RandomAccessResponseConfig_Type
	opt
	configures how the SS shall react on a PRACH Preamble attempt, in general:

- RAR with RAPID matching the RAPID of the UE's PRACH Preamble

- RAR with RAPID not matching the RAPID of the UE's PRACH Preamble

- BackoffIndicator

- no response at all

	ContentionResolution
	NR_ContentionResolutionCtrl_Type
	opt
	Random Access Procedure may be

1. Contention free (Non-contention based) => no contention resolution

2. Contention based (see TS 38.321 clause 5.1.5):

2a) C-RNTI based:

Msg3 contains MAC C-RNTI control element and in general contention resolution is done by assignment of an UL grant for this C-RNTI

2b) UE Contention Resolution Identity based:

Msg3 contains RRC message to setup or restore RRC connection

=> contention resolution is done by sending of Msg4 with UE Contention Resolution Identity MAC CE


4.2.4
DCI configuration
In the DCI configuration types, the necessary fields to indicate the uplink carrier are already included, so no change is needed. 

NR_DciUlInfo_Type

	TTCN-3 Record Type

	Name
	NR_DciUlInfo_Type

	Comment
	scheduling for CCCH/DCCH/DTCH mapped to UL-SCH mapped to PUSCH;

for all parameters: mandatory for initial configuration of an instance, omit means "keep as it is" afterwards

	ResoureAssignment
	NR_DciFormat_0_X_ResourceAssignment_Type
	opt
	resource assignment; to control setting of the following fields in DCI formats 0_0 and 0_1 (TS 38.212 clause 7.3.1.1.1 and 7.3.1.1.2):

Frequency domain resource assignment

Time domain resource assignment

Modulation and coding scheme

New data indicator

Redundancy version

HARQ process number

	PuschHoppingCtrl
	NR_DciFormat_0_X_PuschHoppingCtrl_Type
	opt
	control of frequency hopping in DCI formats 0_0 and 0_1 (TS 38.212 Table 7.3.1.1.1-3)

	TpcCommandPusch
	NR_DciCommon_TpcCommand_Type
	opt
	TPC command for scheduled PUSCH; to be set to 1 per default (0 dB; accumulated TPC)

	UL_SUL_Indicator
	NR_DciCommon_UL_SUL_Indicator_Type
	opt
	to control use of supplementary UL by DCI

	Format
	NR_DciFormat_0_X_SpecificInfo_Type
	opt
	DCI format and DCI format specific parameters


NR_DciCommon_UL_SUL_Indicator_Type

	TTCN-3 Union Type

	Name
	NR_DciCommon_UL_SUL_Indicator_Type

	Comment
	TS 38.212 clause 7.3.1.1.1/2: UL/SUL indicator

	None
	Null_Type
	to be used when no SUL is configured

	Value
	B1_Type
	UL/SUL indicator according to TS 38.212 Table 7.3.1.1.1-1


NR_PDCCH_Order_Type

	TTCN-3 Record Type

	Name
	NR_PDCCH_Order_Type

	Comment
	PDCCH order according to TS 38.212 clause 7.3.1.2.1 to initiate RA procedure (TS 38.321, clause 5.1.1):

DCI format 1_0 with CRC scrambled by C-RNTI and the "Frequency domain resource assignment" field are of all ones

	RA_PreambleIndex
	B6_Type
	
	ra-PreambleIndex according to TS 38.321 clause 5.1.2

	UL_SUL_Indicator
	NR_DciCommon_UL_SUL_Indicator_Type
	
	indicates which UL carrier in the cell to transmit the PRACH if the UE is configured with SUL in the cell and RA_PreambleIndex != '000000'B;

"None" otherwise

	SSB_Index
	B6_Type
	
	indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission if RA_PreambleIndex != '000000'B;

'000000'B (reserved) otherwise

	PrachMaskIndex
	B4_Type
	
	indicates the RACH occasion associated with the SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, according to TS 38.321 clause 5.1.1;

'0000'B (reserved) otherwise


NR_DciFormat_X_1_SrsRequest_Type

	TTCN-3 Union Type

	Name
	NR_DciFormat_X_1_SrsRequest_Type

	Comment
	TS 38.212 clause 7.3.1.2: SRS request

	SingleUL
	B2_Type
	2 bits: Index of the SRS resource set to be used according to TS 38.212 Table 7.3.1.1.2-24

	UL_SUL
	B3_Type
	3 bits: Index of the SRS resource set to be used according to TS 38.212 Table 7.3.1.1.2-24 plus first bit to distinguish UL/SUL
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