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7.1.2
Physical layer aspects

7.1.2.1
Search spaces and DCI

7.1.2.1.1
Parameters

For each search space there are several parameters specifying the location of this search space in the time and frequency domain.

7.1.2.2.1.1
Search space configuration

	PDCCH monitoring periodicity

	
Comment/description
	slot periodicity in time domain

	
	

	
ASN.1 parameter
	SearchSpace.monitoringSlotPeriodicityAndOffset

	
Core spec reference
	TS 38.213 [21] clause 10.1

	PDCCH monitoring offset

	
Comment/description
	slot offset

	
	

	
ASN.1 parameter
	SearchSpace.monitoringSlotPeriodicityAndOffset

	
Core spec reference
	TS 38.213 [21] clause 10.1

	PDCCH monitoring pattern

	
Comment/description
	first symbol(s) of the control resource set within a slot for PDCCH monitoring;
in general a search space starts with first symbol of a slot; the duration is given by the L1 parameter 'duration'

	
	

	
ASN.1 parameter
	SearchSpace.monitoringSymbolsWithinSlot

	
Core spec reference
	TS 38.213 [21] clause 10.1

	CORESET time duration

	
Comment/description
	Duration of a search space in time domain: 1, 2 or 3 symbols

	
L1 parameter name
	duration (TS 38.213)

	
	

	
Core spec reference
	TS 38.213 [21] clause 10.1

	CORESET frequency domain allocation

	
Comment/description
	Bitmap specifying the frequency domain allocation of a search space

NOTE: The allocations needs to fit into the BWP to which the CORESET belongs

	
	

	
ASN.1 parameter
	ControlResourceSet.frequencyDomainResources

	
Core spec reference
	TS 38.213 [21] clause 10.1, TS 38.211 [19] clause 7.3.2.2


7.1.2.1.2
PDCCH search spaces

For each configured DL BWP, the TTCN may configure one or several search spaces. 

For each search space, TTCN configures the SS with:

-
the configuration of this search space as given to the UE, enabling the SS to determine the PDCCH transmission occasions (same as the UE PDCCH monitoring occasions) and associated CORESET, 

-
the CCE aggregation level L that the SS shall use for PDCCH transmission on this search space, 

-
the priority P of this search space that the SS shall consider in its PDCCH candidate selection algorithm. 

-
a value of 0 represents the highest priority, a value of 1 the second highest priority and so on.

NOTE:
“Search space” is used in terms of TS 38.213 [21] clause 10.1 and a single search space configuration (ASN.1 type ‘SearchSpace’) may contain several search spaces.

7.1.2.1.3
DCI formats

The SS shall support several DCI formats. For each 5GS option, the set of DCI formats to support may be different (see relevant option-specific subclauses).

The transmission of DCI formats may be explicitly requested from TTCN or semi-autonomously handled by the SS. In case of explicit request:
-
If the associated timing information is explicit, the TTCN shall ensure that this timing information matches one of the configured PDCCH transmission occasions.

-
If the associated timing information is now, the SS shall determine and use the next valid PDCCH transmission occasion.
7.1.2.1.4
PDCCH candidate selection

The SS shall consider search space priorities as configured by TTCN to find appropriate PDCCH candidates for scheduling of DCI formats in case of: 

a)
Overlapping search spaces:

-
Depending on system configuration and slot number candidates of the different search spaces may be located in same (or overlapping) CCEs.

-
Example: system information is automatically scheduled by the SS and UE-specific data transmission requires scheduling of PDCCH for the same slot and symbols

=> 
Candidates of the UE-specific search space may collide with actual PDCCH of a common search space (e.g. system information).

b)
Within a search space if different search space types are mapped to the same search space configuration.

For every PDCCH assignment (in terms of TS 38.213 [21] clause 10.1) the SS shall apply the PDCCH candidate selection algorithm specified hereafter: 

1)
For each search space the SS selects the PDCCH candidate with index m(search space, L) = 0

With (see TS 38.213 [21] subclause 10.1):

-
candidate index m(search space, L) := 0 .. M(search space, L) - 1;

-
M(search space, L): number of PDCCH candidates per CCE aggregation level for the given search space;

-
L: CCE aggregation level

2)
If there is an overlapping of the selected candidates, the SS shall:

-
keep the PDCCH candidate of the search space with higher priority P,

-
increment m for the search space with lower priority;

3)
The SS shall repeat 2) until there is no overlapping anymore.

In the following cases the SS shall raise an error:

i) Collision of PDCCH candidates of search spaces with the same priority, 

ii)
When a DL transmission or a single UL grant is scheduled with specific TimingInfo and after applying the above rules there is no PDCCH candidate left anymore.
NOTE: For TimingInfo 'Now' there is no error as the SS can shift the transmission to the next PDCCH occasion

In case of continuous UL grant configuration, the SS shall not raise an error when a grant cannot be scheduled at a specific point in time but skip it, if the grant is configured to be at every occasion, or shift it to the next occasion otherwise.

7.1.2.2
Downlink resource allocation

7.1.2.2.1
Parameters

There are several parameters specifying the resource allocation on PDCCH (see subclause 7.1.2.2.1.1) and PDSCH for a DL transmission. The following sub-clauses summarise the parameters being most relevant for downlink resource allocation from the test model’s point of view.

7.1.2.2.1.1
Time domain resource allocation
For time domain resource allocation, either a default PDSCH time domain allocation according to TS 38.214 [22] clause 5.1.2.1.1 is applied or a table (pdsch-AllocationList) is configured via RRC signalling (pdsch-ConfigCommon.pdsch-TimeDomainAllocationList or pdsch-Config.pdsch-TimeDomainAllocationList, see TS 38.331 [16]). This table corresponds to L1 parameter “pdsch-AllocationList” and the entries are referred to by DCI.

pdsch-AllocationList has the following fields:

	PDSCH slot offset (K0)

	
Comment/description
	Slot offset of PDSCH transmission based on the corresponding PDCCH transmission (DCI)
Assuming the same numerology for PDSCH and PDCCH:

K0 = 0 
PDCCH and corresponding PDSCH transmission are in the same slot
K0 > 0
PDCCH and corresponding PDSCH transmission are in different slots

	
	

	
ASN.1 parameter
	PDSCH-TimeDomainResourceAllocation.k0

	
Core spec reference
	TS 38.214 [22] clause 5.1.2.1

	PDSCH mapping type

	
Comment/description
	PDSCH mapping type A or B
NOTE: In general - at least for early releases - type A is expected to be used by conformance testing (Type B seems to be intended for mini-slots)

	
	

	
ASN.1 parameter
	PDSCH-TimeDomainResourceAllocation.mappingType

	
Core spec reference
	TS 38.214 [22] clause 5.1.2.1

	Start and length indicator (SLIV)

	
Comment/description
	The SLIV specifies the starting symbol (S) and the number of symbols (L) of the PDSCH resource assignment according to TS 38.214 [22] clause 5.1.2.1; valid start/length combinations depend on the PDSCH mapping type 

	
	

	
ASN.1 parameter
	PDSCH-TimeDomainResourceAllocation.startSymbolAndLength

	
Core spec reference
	TS 38.214 [22] clause 5.1.2.1


7.1.2.2.1.2
Frequency domain resource allocation configured at the UE via RRC signalling

	Resource allocation type 

	
Comment/description
	Specifies the format of the frequency domain resource assignment field of DCI format 1_1 (resource allocation type 0, resource allocation type 1 or both) 

NOTE: for DCI format 1_0 this parameter seems to be not relevant.

	
	

	
ASN.1 parameter
	PDSCH-Config.resourceAllocation

	
Core spec reference
	TS 38.212 [20] clause 7.3.1.2.2


7.1.2.2.1.3
DCI parameters

	Frequency domain resource assignment

	
Comment/description
	Resource allocation type 0: bitmap indicating resource block groups (RBGs) being allocated to the UE

Resource allocation type 1: resource indication value (RIV) indicating start and length of a set 

of contiguously allocated resource blocks

NOTE: for DCI format 1_0 only resource allocation type 1 is applicable (according to TS 38.214 [22] clause 5.1.2.2)

	
Core spec reference
	TS 38.212 [20] clauses 7.3.1.2.1 and 7.3.1.2.2, TS 38.214 [22] clause 5.1.2.2

	Time domain resource assignment

	
Comment/description
	Index addressing pre-configured time domain resource allocation (see clause 7.1.2.2.1.1)

	
Core spec reference
	TS 38.212 [20] clauses 7.3.1.2.1 and 7.3.1.2.2

	VRB-to-PRB mapping

	
Comment/description
	To distinguish non-interleaved and interleaved allocation of virtual resource blocks in case of resource allocation type 1

	
Core spec reference
	TS 38.212 [20] clauses 7.3.1.2.1 and 7.3.1.2.2, TS 38.214 [22] clause 5.1.2.2

	Modulation and coding scheme (MCS)

	
Comment/description
	Modulation and coding scheme according to TS 38.214 [22] clause 5.1.3:
The DCI provides the MCS index (IMCS) which refers to the respective tables in clause 5.1.3.1 of TS 38.214 [22]

	
Core spec reference
	TS 38.212 [20] clauses 7.3.1.2.1 and 7.3.1.2.2, TS 38.214 [22] clause 5.1.3

	Antenna port configuration

	
Comment/description
	Configuration of antenna port(s) according to tables 7.3.1.2.2-1/2/3/4 of TS 38.212 [20] for DCI format 1_1: Specifies the number of CDM groups without data and the antenna ports being used for a transmission. The number of CDM groups affects the number of REs which cannot be used for PDSCH transmission according to step 1 of clause 5.1.3.2 in TS 38.214 [22]. The number of antenna ports being used for the DL transmission corresponds to the number of layers υ being used for the respective transport block transmission (1, 2, 3 or 4 layers per transport block).
DCI format 1_0 does not have any field for antenna port configuration: 
TS 38.214 [22] clause 5.1.6.2 specifies that in general the UE shall assume 2 CDM groups i.e. there are no REs available for PDSCH transmission in any symbol where DMRS is sent. Regarding the number of layers υ=1 is assumed for PDSCH transmissions scheduled with DCI format 1_0

	
Core spec reference
	TS 38.212 [20] clauses 7.3.1.2.2, TS 38.214 [22] clause 5.1.3, TS 38.211 [19] clause 7.3.1.3/4


7.1.2.2.2
Timing 

The timing information provided by the request ASP for a DL transmission specifies the slot in which the DCI on PDCCH is transmitted scheduling the corresponding PDSCH transmission. The exact timing of the PDSCH transmission is depending on the parameters for time domain resource allocation as described in the previous clause. If the timing information specifies a specific slot it is up to TTCN that an appropriate search space is configured for this slot. The SS shall not schedule the DL transmission otherwise and may raise an error.
In case of TimingInfo indicating “Now” or “Any slot” it is up to the SS to find the appropriate slot for scheduling of the DCI. The SS shall not use slots in which SS/PBCH blocks are scheduled.
NOTE: The restriction for slots containing SS/PBCH can be removed when there is clarification in core specs (e.g. TS 38.214 [22]) how “rate matching around” SS/PBCH blocks is reflected in the calculation of the transport block size (see clause 7.1.2.2.4).

In case of TimingInfo not being “Now” TTCN shall ensure that the data is scheduled at least 100ms in advance. Furthermore, it is up to the test case prose to avoid any overlapping of PDSCH and PDCCH transmissions in time domain and it is up to TTCN implementation to address an appropriate slot for which the TBS size determination is well-defined according to clause 7.1.2.2.4; the SS shall raise an error otherwise.

Figures 7.1.2.2.2-1 and 7.1.2.2.2-2 illustrate the timing for K0 = 0 and K0 > 0.
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Figure 7.1.2.2.2-1: Example for time domain resource allocation for K0 = 0
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Figure 7.1.2.2.2-2: Example for time domain resource allocation for K0 > 0
7.1.2.2.3
DL scheduling scheme

Different kinds of PDSCH transmissions need to be scheduled:

-
System information (SI: SIB1 and other system information)

-
Paging

-
Random access response (RAR)

-
DCCH/DTCH transmissions

The scheduling needs to be done so that there is no overlapping in frequency or time domain.

In general there are different ways to do the scheduling:

a)
Multiplexing in frequency domain of a single BWP

b)
Multiplexing in time domain of a single BWP (at slot or at symbol level)

c)
Use of different BWPs: e.g. initial BWP for SI, RAR, Paging + dedicated BWP for DCCH/DTCH

d)
Combinations of the above

In frequency domain the different kinds of PDSCH transmissions may use different resource allocation types (TS 38.214 [22] clause 5.1.2.2):

-
Resource allocation (RA) type 0: Bitmap-based allocation of Resource Block Groups (RBGs):
Applicable only for DCI format 1_1 ( not applicable for scheduling of SI, Paging and RAR

-
Resource allocation (RA) type 1, non-interleaved: continuous allocation of RBs with one-by-one mapping of virtual resource blocks (VRBs) to physical resource blocks (PRBs).

-
Resource allocation (RA) type 1, interleaved: continuous allocation of RBs with interleaved VRB-to-PRB mapping according to TS 38.211 [19] clause 6.3.1.7.

7.1.2.2.3.1
DL scheduling scheme: Frequency domain multiplexing, RA type1, non-interleaved

This scheduling scheme multiplexes the different kinds of PDSCH transmissions in the frequency domain of a single BWP by exclusively using resource allocation type 1 with non-interleaved VRB-to-PRB mapping. Assuming the resource blocks being numbered from 0 to NBWP-1 (with NBWP being the size of the BWP) the following allocation is done:

Table 7.1.2.2.3.1-1: Resource allocation for frequency domain multiplexing, RA type1, non-interleaved

	Kind of PDSCH transmission (Note 1)
	Resource block allocation (Note 2)

	
	RBstart
	LRBs,max (Note 2)

	System information
	0
	5

	Paging 
	5
	1

	Random access response (Note 3)
	6
	NBWP-6

	DCCH/DTCH transmissions (Note 3)
	6
	NBWP-6

	NOTE 1:
In context of a generic 5G test model it is not relevant whether or not there is SI and Paging for a given deployment option (e.g. EN-DC). 

NOTE 2:
LRBs ≤ LRBs,max with LRBs: number of resource blocks being eventually used for a particular transmission.

NOTE 3:
Random access response and DCCH/DTCH transmissions are mutual exclusive and therefore share the same allocation


In general PDCCH and corresponding PDSCH transmissions are in the same slot (K0 = 0). 

7.1.2.2.4
Transport block size determination

TS 38.214 [22] clause 5.1.3.2 describes the transport block size (TBS) determination from the UE’s point of view: the UE calculates the TBS depending on several parameters. From a test model’s point of view appropriate values need to be found for the parameters to achieve a given TBS.

There are two modes specified for DL scheduling: 

-
automatic mode

-
explicit mode

In explicit mode all parameters for the TBS determination are provided by TTCN, i.e. it is up to the TTCN implementation to find proper values. In automatic mode TTCN only provides RBstart and LRBs,max and it is up to the SS to determine the values of LRBs and IMCS to achieve the TBS which is needed for a particular DL transmission. 

The SS shall apply the rules as described in clause 7.1.2.2.4.2.

7.1.2.2.4.1
Parameters affecting TBS determination

The following parameters need to be considered for TBS determination:

Table 7.1.2.2.4.1-1: Parameters affecting TBS determination 

	Parameter
	Comment/Description
	Reference

	Number of RBs in frequency domain
	Indicated by DCI
	Clause 7.1.2.2.1.3

	Number of symbols in time domain
	Pre-configured at UE, selected by DCI;

corresponds to “PDSCH duration” TS 38.211 [19] clause 7.4.1.1.2
	Clause 7.1.2.2.1.1

	MCS index IMCS
	Indicated by DCI:
Modulation Order Qm, Target code Rate R
	Clause 7.1.2.2.1.3;

TS 38.214 [22] Table 5.1.3.1-1 and 5.1.3.1-2

	Number of layers υ
	The number of layers being used for transmission of a transport block can be derived from the antenna port configuration provided by DCI format 1_1 taking into account the layer mapping according to TS 38.211 clause 7.3.1.3. For DCI format 1_1 in general υ = 1 according to TS 38.508-1 [5] Table 4.3.6.1.2.2-1.
For DCI format 1_0 υ = 1 is assumed (in accordance to TS 38.214 [22] clause 5.1.6.2 specifying antenna port 1000 to be used for DMRS). 
 
	TS 38.214 [22] clause 5.1.1.1 and 5.1.6.2, 
TS 38.211 [19] clause 7.3.1.4, 
TS 38.212 [20] clause 7.3.1.2.2 and tables 7.3.1.2.2-1/2/3/4

	PDSCH mcs-Table
	Pre-configured at the UE via RRC signalling:
PDSCH-Config.mcs-Table := {qam64, qam256};
indicates which MCS table to be applied when DL transmission is scheduled with C-RNTI
	TS 38.214 [22] clause 5.1.3.1

	Number of REs per PRB
	Number of REs per PRB which are applicable for the PDSCH transmission
	Table 7.1.2.2.4.1-2

	Rate matching
	TS 38.214 [22] clause 5.1.3.2 does not specify how rate matching needs to be considered for TBS determination 
( at least for early implementations slots containing SS/PBCH block transmission shall not be used for PDSCH transmissions and further rate matching is assumed not to be configured via RRC signalling
	TS 38.214 [22] clause 5.1.4


Table 7.1.2.2.4.1-2: Parameters affecting number of REs allocated for PDSCH per PRB

	Parameter
	Comment/Description
	Reference

	PDSCH mapping type
	Type A or B
	Clause 7.1.2.2.1.1;

TS 38.211 [19] clause 7.4.1.1.2

	dmrs-Type
	DMRS Configuration type 1 or 2 as indicated to the UE by DMRS-DownlinkConfig.dmrs-Type
	TS 38.211 [19] clause 7.4.1.1.2

	dmrs-AdditionalPosition
	Number of additional DMRS positions:

For DCI format 1_1 as indicated to the UE by 
DMRS-DownlinkConfig.dmrs-AdditionalPosition
 0, 1, 2 or 3 additional positions.
For DCI format 1_0 according to TS 38.214 [22] clause 5.1.6.2 the UE shall assume dmrs-AdditionalPosition='pos2'
	TS 38.211 [19] clause 7.4.1.1.2 and tables 7.4.1.1.2-3/4

	maxLength
	Number of OFDM symbols used for DMRS:

For DCI format 1_1 as indicated to the UE by 
DMRS-DownlinkConfig.maxLength: 
Single or double symbol DM-RS.
For DCI format 1_0 according to TS 38.214 [22] clause 5.1.6.2 single symbol DM-RS is applied.
	TS 38.211 [19] clause 7.4.1.1.2 and table 7.4.1.1.2-5

	number of CDM groups without data
	The maximum number of CDM groups without data depends on the DMRS Configuration type (dmrs-Type):
type 1: up to 2 CDM groups (TS 38.211 [19] Table 7.4.1.1.2-1)

type 2: up to 3 CDM groups (TS 38.211 [19] Table 7.4.1.1.2-2)
For DCI format 1_1 the number of CDM groups without data for a single transmission is determined by the antenna port configuration provided in the DCI (TS 38.212 [20] tables 7.3.1.2.2-1/2/3/4)
For DCI format 1_0 according to TS 38.214 [22] clause 5.1.6.2 for mapping type A the UE shall assume that the number of DM-RS CDM groups without data is 2 (what results in PDSCH not being present in any symbol carrying DM-RS)
	TS 38.211 [19] clause 7.4.1.1.2,
TS 38.212 [20] clause 7.3.1.2.2 and tables 7.3.1.2.2-1/2/3/4,
TS 38.214 [22] clause 5.1.3.2 and 5.1.6.2

	xOverhead
	Number of REs used for additional overhead as indicated to the UE by 
PDSCH-ServingCellConfig.xOverhead: 
0, 6, 12, 18 REs
	TS 38.214 [22] clause 5.1.3.2

	PDSCH duration
	Number of symbols allocated for the PDSCH transmission
	Clause 7.1.2.2.1.1


Table 7.1.2.2.4.1-3 gives examples for the position of DMRS within a resource block depending on different parameters, with DMRS CDM group 0 shown in blue and DMRS CDM group 1 (if any) shown in green. For DCI format 1_0 and PDSCH mapping type A the UE assumes both CDM groups to be used; for DCI format 1_1 the number of DMRS CDM groups without data depends on the antenna port configuration of the DCI: In case of dmrs-Type=1, maxLength=1 and only one code word TS 38.212 [20] table 7.3.1.2.2-1 is applied and ‘0000’B (as specified in TS 38.508-1 [5] table 4.3.6.1.2.2-1) corresponds one DRMS CDM group at port 1000 which results in the REs shown in blue.

Table 7.1.2.2.4.1-3: Examples for the position of DMRS in an RB with 
PDSCH mapping type A, DMRS configuration type 1, maxLength=1, dmrs-AdditionalPosition=2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DL-DMRS-add-pos = 0:

k = 4n + 2k’ + (; k’ = 0, 1; ( =  0, 1
l0 = 2
	
	
	DL-DMRS-add-pos = 1, PDSCH duration = 13, 14:

k = 4n + 2k’ + (; k’ = 0, 1; ( =  0, 1
l0 = 2, l1 = 11


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DL-DMRS-add-pos = 2, PDSCH duration = 10, 11, 12:

k = 4n + 2k’ + (; k’ = 0, 1; ( =  0, 1
l0 = 2, l1 = 6, l2 = 9


For PDSCH mapping type A and single-symbol DMRS according to TS 38.211 [19] Table 7.4.1.1.2-3 the number NSymbols with DMRS of symbols with DMRS per resource block is as shown in table 7.1.2.2.4.1-4.
Table 7.1.2.2.4.1-4: Number of symbols with DMRS per resource block
	PDSCH duration
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	2
	1
	1
	1
	1

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	2
	2
	2

	9
	
	
	
	

	10
	
	
	3
	3

	11
	
	
	
	

	12
	
	
	
	4

	13
	
	
	
	

	14
	
	
	
	


Assuming DMRS configuration type 1, maxLength=1, Xoh-PDSCH=0 and no rate matching, depending on the number of CDM groups without data, this results in the number of REs for DMRS per PRB including the overhead of the DMRS CDM groups without data as shown in Table 7.1.2.2.4.1-5
Table 7.1.2.2.4.1-5: Number of REs for DMRS per PRB including the overhead of the DMRS CDM groups without data for DMRS configuration type 1, maxLength=1, Xoh-PDSCH=0, no rate matching
	
	dmrs-AdditionalPosition
	PDSCH duration
	Number of REs for DMRS

	DCI format 1_1 indicating one DMRS CDM group without data according to TS 38.212 [20] Table 7.3.1.2.2-1 
	0 (NOTE 1)
	any
	6
	6 * NSymbols with DMRS

	
	1 (NOTE 1)
	< 8
	6
	

	
	
	≥ 8
	12
	

	DCI format 1_0
	2 (NOTE 2)
	< 8
	12
	12 * NSymbols with DMRS

	
	
	8, 9
	24
	

	
	
	> 9
	36
	

	NOTE 1:
TS 38.508-1 [5] table 4.6.3-36 specifies pos0 or pos1
NOTE 2:
pos2 for DCI format 1_0 according to TS 38.214 clause 5.1.6.2



	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	



7.1.2.2.4.2
Determination of TBS and corresponding IMCS and LRBs in automatic mode

In automatic mode, for each PDSCH transmission, the SS shall autonomously select a TBS and an LRBs / IMCS pair for this TBS. 

For a given PDSCH transmission, the SS shall first select an initial TBS fulfilling the following conditions: 

-
First maximize the transmission of data available in its DL buffer,

-
Then minimize the amount of padding.

Using the selected TBS, the SS shall apply the following rules:

1)
When the TBS can be achieved with more than one LRBs / IMCS pairs the SS shall choose the LRBs / IMCS pair with minimum LRBs (LRBs,min) i.e. with maximum values of Qm and R taking into account limitations of Qm e.g. for the scheduling of system information as according to TS 38.214 [22] clause 5.1.3.1.

2)
When there is more than one pair with the same (minimum) LRBs but different IMCS, the smaller IMCS value shall be chosen (what in fact results in smaller Qm).

3)
If LRBs for the TBS is greater than LRBs,max the SS shall try the next greater TBS and use it if LRBs ≤ LRBs,max for this TBS. If the SS cannot find a TBS with LRBs ≤ LRBs,max, the SS shall raise an error.

4)
If there is no LRBs / IMCS pair for the TBS the SS shall try the next greater TBS and shall raise an error if it cannot find any.

Annex B.1 provides tables for determination of IMCS and LRBs for different parameters and scenarios based on the following assumptions (unless stated otherwise for a specific table):

-
Number of layers υ = 1
-
PDSCH mapping type A
-
dmrs-Type: type1
-
maxLength: single symbol DM-RS
-
xOverhead = 0
7.1.2.3
Uplink grant

7.1.2.3.1
General principles and grant allocation types

Uplink grants assignments for NR follow similar principles as for LTE (TS 36.523-3 [12] clause 7.2).

7.1.2.3.1.1
PUCCH synchronisation in connected mode

To prevent the UE from doing RACH procedure for purpose of PUCCH synchronisation the SS gets configured to maintain PUCCH synchronisation at UE by periodically sending a MAC PDU containing the MAC control element 'Timing Advance Command'. The period as configured by TTCN is set to 80 % of the ‘timeAlignmentTimer' value configured at UE. 

As in general the PUCCH synchronisation is not time critical, the SS shall choose the next possible occasion for sending of the Timing Advance Command from expiry of the period onward (i.e. the SS shall not raise an error when sending of the Timing Advance Command is not possible at the calculated end of the period).

7.1.2.3.1.2
Grant allocation types

In general PUCCH synchronisation is configured at the SS for the different grant allocation types when the UE is in connected mode.

7.1.2.3.1.2.1
Grant allocation by RACH procedure

The UE gets assigned an uplink grant by the Random Access Response message being configured at the SS.

7.1.2.3.1.2.2
Grant allocation type 1: Uplink grant triggered by SR

The SS gets configured to automatically assign an uplink grant when requested by the UE with a Scheduling Request (SR). The size of this UL grant is configured by TTCN, i.e. there is no requirement for SS implementation to determine the grant size but the configured value shall be used regardless of how much data the UE wants to send. The SS shall assign the UL grant within less than 10ms after it has received the scheduling requests.
7.1.2.3.1.2.3
Grant allocation type 2: Periodic uplink grant

The SS gets configured to assign uplink grants periodically irrespective of any Scheduling Request sent by the UE. The configuration specifies:

-
the uplink grant size

-
the periodicity: once, several times, continuous

-
the period in number of slots (e.g. every slot, every second slot, etc.)

The first uplink grant transmitted is as specified in the explicit timing information. If timing information is "now" the SS selects the first suitable subframe for UL transmission.

The SS shall not assign any additional uplink grant due to a Scheduling Request sent by the UE.

7.1.2.3.1.2.4
Grant allocation type 3: Single uplink grant

Special case of Grant allocation type 2: Uplink grant is assigned only once.

7.1.2.3.1.2.5
Grant allocation type 4: Periodic uplink grant triggered by SR

Combination of Grant allocation type 1 and 2: Periodic uplink grant according to clause 7.1.2.3.1.2.3 is triggered by a Scheduling Request sent by the UE.

7.1.2.3.2
Determination of explicit uplink grants

7.1.2.3.2.1
Parameters

Similar as for the downlink the UE gets preconfigured with parameters for time and frequency domain and a particular UL transmission is addressed by DCI:

1.
Time domain resource allocation:
Similar parameters are defined for UL as for DL (see clause 7.1.2.2.1.1, TS 38.214 [22] clause 6.1.2.1).

2.
Frequency domain resource allocation:
Similar as for the DL there is resource allocation type 0 and 1 for the UL (see clause 7.1.2.2.1.2, TS 38.214 [22] clause 6.1.2.2).
Uplink resource allocation type 1 is assumed to be used for signalling conformance testing.

3.
DCI parameters:
Similar parameters are defined for UL as for DL (see clause 7.1.2.2.1.3, TS 38.212 [20] clauses 7.3.1.1.1 and 7.3.1.1.2, TS 38.214 [22] clause 6.1).

In detail for a particular uplink grant the parameters listed in tables 7.1.2.3.2.1-1 and 7.1.2.3.2.1-2 need to be considered.

Table 7.1.2.3.2.1-1: Parameters affecting TBS determination 

	Parameter
	Comment/Description
	Reference

	Number of RBs in frequency domain
	Indicated by DCI
	

	Number of symbols in time domain
	Pre-configured at UE, selected by DCI;

corresponds to “Duration in symbols” TS 38.211 [19] clause 6.4.1.1.3
	

	MCS index IMCS
	Indicated by DCI:
Modulation Order Qm, Target code Rate R
	TS 38.214 [22] clause 6.1.4.1;

TS 38.214 [22] Table 5.1.3.1-1, 5.1.3.1-2, 6.1.4.1-1

	Number of layers υ
	The number of layers being used for transmission of a transport block can be derived from the precoding information and the antenna port configuration provided by DCI format 0_1.  

For DCI format 0_1 in general υ = 1 according to TS 38.508-1 [5] Table 4.3.6.1.1.2-1. 

For DCI format 0_0 υ = 1 is assumed.
	TS 38.214 [22] clause 6.1.1.1, 

TS 38.211 [19] clause 6.3.1.5 

TS 38.212 [20] clause 7.3.1.1.2 and tables Table 7.3.1.1.2-2..5

	PUSCH Parameters mcs-Table, mcs-TableTransformPrecoder, transformPrecoder
	Pre-configured at the UE via RRC signalling:
PUSCH-Config.mcs-Table := {qam64, qam256};
PUSCH-Config.mcs-TableTransformPrecoder := {qam64, qam256};

PUSCH-Config.transformPrecoder := {enabled, disabled};
indicates which MCS table to be applied 
	TS 38.214 [22] clause 6.1.4.1

	Support of pi/2 BPSK modulation
	In case of transformPrecoder==enabled and mcs-TableTransformPrecoder,==qam64 the first two entries of TS 38.214 [22] Table 6.1.4.1-1 depend on whether or not the UE supports pi/2 BPSK modulation.
	TS 38.214 [22] clause 6.1.4.1

	Number of REs per PRB
	Number of REs per PRB which are applicable for the PUSCH transmission
	Table 7.1.2.3.2.1-2


Table 7.1.2.3.2.1-2: Parameters affecting number of REs allocated for PUSCH per PRB

	Parameter
	Comment/Description
	Reference

	PUSCH mapping type
	Type A or B
	TS 38.211 [19] clause 6.4.1.1.3

	dmrs-Type
	DMRS Configuration type 1 or 2 as indicated to the UE by DMRS-UplinkConfig.dmrs-Type
	TS 38.211 [19] clause 6.4.1.1.3

	dmrs-AdditionalPosition
	Number of additional DMRS positions:

For DCI format 0_1 as indicated to the UE by DMRS-UplinkConfig.dmrs-AdditionalPosition: 0, 1, 2 or 3 additional positions.

For DCI format 0_0 according to TS 38.214 [22] clause 6.2.2 the UE shall assume dmrs-AdditionalPosition='pos2' when frequency hopping is disabled and dmrs-AdditionalPosition='pos1' when frequency hopping is enabled.
 
	TS 38.211 [19] clause 6.4.1.1.3and tables 6.4.1.1.3-3/4,
TS 38.214 [22] clause 6.2.2

	maxLength
	Number of OFDM symbols used for DMRS:

For DCI format 0_1 as indicated to the UE by DMRS-UplinkConfig.maxLength: Single or double symbol DM-RS.
For DCI format 0_0 according to TS 38.214 [22] clause 6.2.2 single symbol DM-RS is applied.
	TS 38.211 [19] clause 6.4.1.1.3 and table 6.4.1.1.3-5,

TS 38.214 [22] clause 6.2.2

	number of CDM groups without data
	The maximum number of CDM groups without data depends on the DMRS Configuration type (dmrs-Type):

type 1: up to 2 CDM groups (TS 38.211 [19] Table 6.4.1.1.3-1)

type 2: up to 3 CDM groups (TS 38.211 [19] Table 6.4.1.1.3-2)

For DCI format 0_1 the number of CDM groups without data for a single transmission is determined by the antenna port configuration provided in the DCI (TS 38.212 [20] tables 7.3.1.1.2-6..23)

For DCI format 1_0 according to TS 38.214 [22] clause 6.2.2 for PUSCH duration > 2 the UE shall assume that the number of DM-RS CDM groups without data is 2 (what results in PDSCH not being present in any symbol carrying DM-RS)
	TS 38.211 [19] clause 6.4.1.1.3,

TS 38.212 [20] clause 7.3.1.1.2 and tables 7.3.1.1.2-6..23,

TS 38.214 [22] clause 6.1.4.2 and 6.2.2

	xOverhead
	Number of REs used for additional overhead as indicated to the UE by 
PUSCH-ServingCellConfig.xOverhead: 
0, 6, 12, 18 REs
	TS 38.214 [22] clause 6.1.4.2

	PUSCH duration
	Number of symbols allocated for the PUSCH transmission by DCI
	


The number of REs for DMRS and PDSCH per PRB is determined in the same way for UL as for DL (TS 38.211 [19] clause 7.4.1.1.2) ( The same values are applicable for UL and DL (see Table 7.1.2.2.4.1-4). 

7.1.2.3.2.2
Determination of IMCS and LRBs for given TBS 

Uplink grant assignments are fully controlled by TTCN. Annex B.2 provides tables as guideline for choosing values of IMCS and LRBs for a given TBS based on the following assumptions (unless stated otherwise for a specific table):

-
Number of layers υ = 1
-
PUSCH mapping type A
-
dmrs-Type: type1
-
maxLength: single symbol DM-RS
-
xOverhead = 0
