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1 Introduction

This contribution considers residual aspects regarding HARQ management, including:

a) Determine the processing time for aggressive mode/mini-slot scheduling 
b) Clarification on semi-static HARQ-ACK timing configuration 
2 Discussion 
2.1 Processing time for aggressive mode/mini-slot scheduling  
The processing time for normal mode, i.e., capability #1, was agreed in RAN1#91. It includes the case of both non-CA and CA cases. One of the remaining issues is the timing for aggressive mode. After investigating the processing time in NR, the following table can be considered for aggressive mode, i.e., capability #2.

Table 1. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

For mini-slot scheduling, the following working assumption was made in RAN1#91. 

	Working assumption:

· The starting point for baseline UE processing time capability in NR Release 15 for non-slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 7-1 below. 

· FFS whether processing times can be supported also for cross-carrier scheduling

· FFS whether additional dependence on time-domain allocation length should be given

· FFS (for N1) regarding front-loaded DMRS location

· FFS (for N1) processing times in relation to CORESET configuration where UE finds scheduling DCI

· FFS if there is a second lower latency UE capability for non-slot based scheduling

Table 7-1. UE Processing Time and HARQ Timing for Non-Slot

Configuration

HARQ Timing Parameter

Units

15 KHz SCS

30 KHz SCS

60 KHz SCS

120 KHz SCS

Front-loaded DMRS only

N11
Symbols

[8]

[10]

[17]

[20]

Front-loaded + additional DMRS

N11
Symbols

[13]

[13]

[20]

[24]

Frequency-first RE-mapping

N22
Symbols

[10]

[12]

[23]

[36]

1. FFS whether additional dependence on time-domain allocation length should be given.

2. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.




For non-slot scheduling, the values in the above table are feasible. Therefore, we propose to confirm the working assumption with removing the brackets in the table.
Proposal 1: The following table is used for aggressive mode, i.e., capability #2.

Table 1. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 2: Confirm the working assumption with removing the brackets in the table made in RAN1#91.
2.2 Semi-static HARQ-ACK timing configuration 
RAN1 agreed to support both semi-static HARQ-ACK timing as well as dynamic HARQ-ACK timing. For dynamic HARQ-ACK timing, 3-bit field in DCI supporting 8 values of K1 is agreed in RAN1 91 meeting, while there is no discussion of how to determine the single timing for semi-static HARQ-ACK configuration with 0 bit in DCI. 

Agreements in 90b:
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 

· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission

· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively

· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)

· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination

Agreements in 91:
· 3-bit are used to indicate K1 slot-timing in DCI

· RRC configures the set of values to be indexed by these bits to determine K1

· These values are not slot index dependent

· Each value is represented by 4-bit (i.e., up to 16 different values)

Based on the agreement above, the appearance of HARQ-ACK timing bit field (0 or 3 bits) in DCI is configured by gNB. However, 3 bits PDSCH-to-HARQ_feedback timing indicator always presents in DCI format 1_1 and it is not clear whether this bit field is configurable for DCI format 1_0 according to the current TS 38.212 [1]. Therefore, the corresponding part needs to be updated to capture the case of configurable 0 or 3 bits HARQ-ACK timing. 

In case of 0-bit, the single timing for DCI format 1_1 can be determined by UE-specific higher-layer signaling. For DCI format 1_0,  the default timing can be used to avoid RRC reconfiguration ambiguity and support the case before RRC connection setup, such as initial access. The default value can be K1 =4 slots as in LTE. 

The spreadsheet for the RRC parameters provided to RAN2 [2] needs to be updated as follows and [3] needs to also be updated accordingly. 
	DL-data-DL-acknowledgement
	Configuration value of DL assignment to DL acknowledgement
	1 or 8 values of Slot-timing-value-K1


Proposal 3: Update the RRC parameter spreadsheet and the corresponding text in [1][3][4] to capture the configurable 0 or 3 bits HARQ-ACK timing indication in DCI.
· In case of 0-bit, the single timing for DCI format 1_1 is determined by UE-specific higher-layer signaling, and the single timing for DCI format 1_0 is default as 4 slots. 

Another open issue is HARQ-ACK timing for SPS PDSCH. For SPS PDSCH, only the first PDSCH transmission is scheduled by DCI and other PDSCHs are transmitted periodically. The HARQ-ACK timing for SPS PDSCH can be indicated by SPS activation DCI, or semi-statically configured. 
Proposal 4: For SPS PDSCH, HARQ-ACK timing can be indicated by the DCI format of SPS activation or be semi-statically configured.
< Unchanged parts are omitted >
TS 38.212 [1]
7.3.1.2.1
Format 1_0

DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 

The following information is transmitted by means of the DCI format 1_0:
-
Identifier for DCI formats – [1] bits

-
Frequency domain resource assignment – [
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-
Time domain resource assignment – X bits

-
VRB-to-PRB mapping – 1 bit
-
Modulation and coding scheme – [5] bits as defined in section x.x of [6, TS38.214]
-
New data indicator – 1 bit
-
Redundancy version – [2] bits as defined in section x.x of [6, TS38.214]
-
HARQ process number – [4] bits
-
Downlink assignment index – 2 bits as defined in section 9.1.3 of [5, TS38.213]
-
TPC command for scheduled PUCCH – [2] bits as defined in section x.x of [5, TS38.213]
-
PUCCH resource indicator – [2] bits as defined in section x.x of [5, TS38.213]


7.3.1.2.2
Format 1_1

DCI format 1_1 is used for the scheduling of PDSCH in one cell. 

The following information is transmitted by means of the DCI format 1_1:
-
Carrier indicator – 0 or 3 bits as defined in section x.x of [5, TS38.213].
-
Identifier for DCI formats – [1] bits

-
Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined according to the higher layer parameter BandwidthPart-Config for the PDSCH.

-
Frequency domain resource assignment –
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 bits if both resource allocation type 0 and 1 are configured.

-
If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-
For resource allocation type 0, the
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 LSBs provide the resource allocation as defined in section 6.1.2.2.1 of [6, TS38.214].
-
For resource allocation type 1, the  
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 LSBs provide the resource allocation as defined in section 6.1.2.2.2 of [6, TS38.214]

-
Time domain resource assignment –1, 2, 3, or 4 bits as defined in section X.X of [6, TS38.214]. The bitwidth for this field is determined according to the higher layer parameter XXX.
-
VRB-to-PRB mapping – 0 or 1 bit, only applicable to resource allocation type 1, as defined in section xxx of [4, TS38.211].


-
0 bit if only resource allocation type 0 is configured;


-
1 bit otherwise.

-
PRB bundling size indicator – 0 bit if the higher layer parameter PRB_bundling=OFF or 1 bit if the higher layer parameter PRB_bundling=ON, as defined in section x.x of [6, TS38.214].

-
Rate matching indicator – 0, 1, or 2 bits according to higher layer parameter rate-match-PDSCH-resource-set.

-
ZP CSI-RS trigger – X bits

For transport block 1: 
-
Modulation and coding scheme – 5 bits as defined in section x.x of [6, TS38.214]
-
New data indicator – 1 bit
-
Redundancy version – 2 bits as defined in section x.x of [6, TS38.214]
For transport block 2: 
-
Modulation and coding scheme – 5 bits as defined in section x.x of [6, TS38.214]
-
New data indicator – 1 bit
-
Redundancy version – 2 bits as defined in section x.x of [6, TS38.214]
-
HARQ process number – 4 bits
-
Downlink assignment index – number of bits as defined in the following

-
4 bits if the higher layer parameter HARQ-ACK-codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;

-
0 bits otherwise.

-
TPC command for scheduled PUCCH – 2 bits as defined in section x.x of [5, TS38.213]
-
PUCCH resource indicator – 2 bits as defined in section x.x of [5, TS38.213]

-
PDSCH-to-HARQ_feedback timing indicator – 0 or 3 bits as defined in section x.x of [5, TS38.213]
-
Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
-
Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI is not enabled; otherwise 3 bits as defined in section x.x of [6, TS38.214].

-
SRS request – 2 bits as defined by Table 7.3.1.1.2-5.

-
CBG transmission information –0, 2, 4, 6, or 8 bits as defined in section x.x of [6, TS38.214], determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for the PDSCH.
-
CBG flushing out information –0 or 1 bit as defined in section x.x of [6, TS38.214], determined by higher layer parameter codeBlockGroupFlushIndicator.
-
DMRS sequence initialization – 1 bit if transform precoding is enabled
< Unchanged parts are omitted >
TS 38.213 [4]
9.2.3
UE procedure for reporting HARQ-ACK

A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or activates SPS PDSCH reception, or  DL SPS release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot 
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, if the UE is provided with higher layer parameter Slot-timing-value-K1 or, within slot 
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 if the UE is not provided with higher layer parameter Slot-timing-value-K1. 
< Unchanged parts are omitted >
3 Conclusions

This contribution considered aspects for HARQ management, and proposes the following. 
Proposal 1: The following table is used for aggressive mode, i.e., capability #2.

Table 1. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	5.5
	5.5


Proposal 2: Confirm the working assumption with removing the brackets in the table made in RAN1#91.
Table 7-1. UE Processing Time and HARQ Timing for Non-Slot

	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N11
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N11
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N22
	Symbols
	10
	12
	23
	36


Proposal 3: Update the RRC parameter spreadsheet and the corresponding text in [1][3][4] to capture the configurable 0 or 3 bits HARQ-ACK timing indication in DCI.
· In case of 0-bit, the single timing for DCI format 1_1 is determined by UE-specific higher-layer signaling, and the single timing for DCI format 1_0 is default as 4 slots. 

Proposal 4: For SPS PDSCH, HARQ-ACK timing can be indicated by the DCI format of SPS activation or be semi-statically configured.
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