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1. Introduction

This contribution provides a text proposal on DL/UL resource allocation for NR in TS 38.214 [1].
2. Text proposals for PUSCH frequency hopping

In NR specification, frequency hopping is supported for PUSCH and PUCCH. As well known, the frequency hopping is used to obtain additional frequency-selective diversity when localized frequency resource is allocated. In order to confine the frequency resource of each hop in the active UL BWP, a modulo operation is used in the specification.
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where i=0 and i=1 are the first hop and the second hop respectively, and 
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 is the starting RB within the UL BWP. However, this equation only guarantee the starting PRB of each hop is in the active UL BWP, but cannot guarantee all PRBs of the hop to be confined in the active UL BWP. 
As shown in Figure 1, if the active BWP in size of N RBs spans from PRB 0 to PRB #(N-1). According to the gNB’s UL scheduling grant with resource allocation type 1, the starting PRB index of the 2nd hop of PUSCH is PRB #(N-1-M), and the number of PRBs of the 2nd hop is P. Thus the ending PRB of the 2nd hop is PRB #(N-1-M+P). If P>M, the ending PRB index of the 2nd hop will be outside the active BWP. In this case, a part of the 2nd hop of PUSCH cannot be correctly transmitted. 
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Figure 1: Potential problem of the legacy modulo equation for UL frequency hopping
To solve this problem, three options can be considered:
· Option 1: Treat this scenario as an error case, i.e. UE does not expect that the scheduled frequency resource for any hop is partly outside the active UL BWP.

This option depends on gNB implementation to guarantee all PRBs of each hop is confined in the BWP.

· Option 2: Move the PRBs outside the active UL BWP into the BWP adjacent with the remaining part of the hop, as shown in Figure 2.
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Figure 2: Option 2: Moving the part outside BWP back

· Option 3: Improve the modulo equation to take the whole hop into account, i.e. if the ending PRB is outside the active UL BWP, the hop is wrap around. This is a straightforward approach by slightly change the equation as below (as shown in Figure 3):
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where
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 is the number of contiguously allocated resource blocks, which is known by the scheduled UE.
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Figure 3: Option 3: Improved modulo operation for UL frequency hopping
The similar equation can be applied for multi-slot frequency hopping scenario.
Since Option 3 can solve the problem and minimize the correction to the specification, we suggest to adopt the following text proposal for the correction.
------------------------- Start of the text proposal for TS 38.214 -----------------------
6.3 
UE PUSCH frequency hopping procedure
[Unchanged part is omitted]
……
For a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in PUSCH-Config:

-
when the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant

-
when the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
The starting RB in each hop is given by:



,

[image: image9.wmf](

)

(

)

î

í

ì

=

=

-

+

=

,

i

i

L

N

mod

RB

RB

RB

RB

RBs

size

BWP

1

0

offset

start

start

start


where i=0 and i=1 are the first hop and the second hop respectively, and 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
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is the frequency offset in RBs between the two frequency hops. 
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 is the number of contiguously allocated resource blocks.
In case of intra-slot frequency hopping is configured, the number of symbols in the first hop is given by 
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, the number of symbols in the second hop is given by 
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 is the length of the PUSCH transmission in OFDM symbols in one slot.
In case of inter-slot frequency hopping, the starting RB during slot 
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where 
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 is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place, 
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 is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in sub-clause 6.1.2.2.2) and 
[image: image22.wmf]offset

RB

is the frequency offset in RBs between the two frequency hops.

------------------------- End of the text proposal -----------------------
3. Text proposals for time domain resource allocation
In TS 38.214 v15.2.0 Section 5.1.2.1 and Section 6.1.2.1, the time domain resource allocation for PDSCH/PUSCH is described in slot as well as symbol level. The slot level allocation 
[image: image23.wmf]0

2

2

K

n

PDCCH

PDSCH

+

ú

ú

û

ú

ê

ê

ë

ê

×

m

m

 and 
[image: image24.wmf]2

2

2

K

n

PDCCH

PUSCH

+

ú

ú

û

ú

ê

ê

ë

ê

×

m

m

 indicate the slot for the PDSCH/PUSCH transmission. However this decription is only applicable for single-slot PDSCH/PUSCH scheduling. For multi-slot PDSCH/PUSCH scheduling, the description may lead to ambiguity between gNB and UE. We understand
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 actually indicate the first slot for the PDSCH/PUSCH transmission. In case of multi-slot scheduling, the aggregationFactorDL or aggregationFactorUL consecutive slots starting from 
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 are allocated to PDSCH/PUSCH.
Therefore we suggest to adopt the following text proposal for clarification.

------------------------- Start of the text proposal for TS 38.214 -----------------------

5.1.2.1
Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.

Given the parameter values of the indexed row:

-
The first slot allocated for the PDSCH is 
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, where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and 
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are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and
-
The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:
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The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211].

The UE shall consider the S and L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:

Table 5.1.2.1-1: Valid S and L combinations

	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}

(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}

(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Note 1:
S = 3 is applicable  only if dmrs-TypeA-Posiition = 3


When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots starting from 
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. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the nth transmission occasion of the TB is determined according to table 5.1.2.1-2.  
------------------------- End of the text proposal -----------------------

------------------------- Start of the text proposal for TS 38.214 -----------------------

6.1.2.1
Resource allocation in time domain

When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the used resource allocation table is defined in sub-clause 6.1.2.1.1. The indexed row defines the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.

When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the applied resource allocation table is defined in sub-clause 6.1.2.1.1. The indexed row defines the start and length indicator SLIV, or directly the start symbol S and the allocation length L,  and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries 
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of the higher layer parameter reportSlotConfig in CSI-ReportConfig for the 
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-
The first slot where the UE shall transmit the PUSCH is determined by K2 as 
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 where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and 
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 are the subcarrier spacing configurations for PUSCH and PDCCH, respectively, and
-
The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:
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The PUSCH mapping type is set to Type A or Type B as defined in Subclause 6.4.1.1.3 of [4, TS 38.211] as given by the indexed row.

The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations

Table 6.1.2.1-1: Valid S and L combinations

	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots starting from 
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and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB is determined according to table 6.1.2.1-2.  
------------------------- End of the text proposal -----------------------

4. Text proposals for CBG
4.1. Clarifications on PDSCH transmission
· The bit-length of CBGTI is determined based on the maximum number of CBGs per TB. The parameter [image: image51.png]G/TB.max
Npano e



 for determining the CBGTI in TS38.214 section 5.1.7.2, without any definition, should be replaced with N which has been defined in section 5.1.7.1.

· The description of “For initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may assume that all the code block groups are present” in TS 38.214 may lead to ambiguity, since “all the code block groups” can be understood as N CBGs, where N is the maximum number of CBGs per transport block.
· CBGFI is only used to indicate whether the bits stored in soft buffer can be combined with the retransmission for the same TB(s). The limitation of “the earlier received instances of the same CBGs being transmitted may be corrupted” in TS 38.214 is not needed.

-------------------------------------------- Start of the text proposal for TS 38.214 -------------------------------------------

5.1.7
Code block group based PDSCH transmission

5.1.7.1
UE procedure for grouping of code blocks to code block groups

If a UE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter codeBlockGroupTransmission for PDSCH, the UE shall determine the number of CBGs for a transport block reception as 
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where N is the maximum number of CBGs per transport block as configured by maxCodeBlockGroupsPerTransportBlock for PDSCH, and C is the number of code blocks in the transport block according to the procedure defined in Subclause 7.2.3 of [5, TS 38.212].
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5.1.7.2
UE procedure for receiving code block group based transmissions

If a UE is configured to receive code block group based transmissions by receiving the higher layer parameter codeBlockGroupTransmission for PDSCH, 

-
The CBG transmission information (CBGTI) field of DCI format 1_1 is of length 

 bits, where [image: image65.png]


 is the value of the higher layer parameter maxNrofCodeWordsScheduledByDCI. If [image: image67.png]


 the CBGTI field bits are mapped such that the first set of  N  bits starting from the MSB corresponds to the first TB while the second set of  N  bits corresponds to a second TB, if scheduled. The first M bits of each set of  N  bits in the CBGTI field have an in-order one-to-one mapping with the M CBGs of the TB, with the MSB mapped to CBG #0.

-
For initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may assume that all the code block groups of the TB are present.

-
For a retransmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may assume that 

-
The CBGTI field of the scheduling DCI indicates which CBGs of the TB are present in the transmission. A bit value of 0' in the CBGTI field indicates that the corresponding CBG is not transmitted and 1' indicates that it is transmitted. 

-
If the CBG flushing out information (CBGFI) field of the scheduling DCI is present, CBGFI set to 0' indicates that the CBGs being retransmitted are not combinable with the earlier received instances of the same CBGs , and CBGFI set to 1' indicates that the CBGs being retransmitted are combinable with the earlier received instances of the same CBGs. 

-
A CBG contains the same CBs as in the initial transmission of the TB.

--------------------------------------------- End of the text proposal -----------------------------------------------------
4.2. Clarifications on PUSCH transmission 

For initial transmission of a TB, the UE does not need to read the CBGTI field. The description of “the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted” in TS 38.214 introduces unnecessary UE’s behavior.

-------------------------------------------- Start of the text proposal for TS 38.214 -------------------------------------------

6.1.5
Code block group based PUSCH transmission

6.1.5.1
UE procedure for grouping of code blocks to code block groups

If a UE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter codeBlockGroupTransmission in PUSCH-ServingCellConfig, the UE shall determine the number of CBGs for a PUSCH transmission as 
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where N is the maximum number of CBGs per transport block as configured by maxCodeBlockGroupsPerTransportBlock in PUSCH-ServingCellConfig, and C is the number of code blocks in the PUSCH according to the procedure defined in Subclause 6.2.3 of [5, TS 38.212].
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6.1.5.2
UE procedure for transmitting code block group based transmissions

If a UE is configured to transmit code block group based transmissions by receiving the higher layer parameter codeBlockGroupTransmission in PUSCH-ServingCellConfig, 

-
For an initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE shall include all the code block groups of the TB.

-
For a retransmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE shall include only the CBGs indicated by the CBGTI field of the scheduling DCI. 

A bit value of 0' in the CBGTI field indicates that the corresponding CBG is not to be transmitted and 1' indicates that it is to be transmitted. The order of CBGTI field bits is such that the CBGs are mapped in order from CBG#0 onwards starting from the MSB.
--------------------------------------------- End of the text proposal -----------------------------------------------------
5. Conclusions
We propose to adopt the text proposals in Section 3 and 4.
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