3GPP TSG-RAN WG4 Meeting #94-e
R4-2001448
Electronic Meeting, 24th Feb – 6th Mar, 2020
Title: 
Discussion on the HARQ timing for NR UE CA performance requirements
Source: 
Huawei, HiSilicon
Agenda item:
8.18.1.1
Document for:
Discussion
1   Background
As per the approved WF [1], the number of HARQ process TDD-FDD CA and TDD-TDD CA with different SCSs:
	· HARQ process number for FDD 15 kHz + TDD 30 kHz CA 

· Pcell: 4 for FDD and [8 or 10] for TDD

· Scell: FFS

· HARQ process number for FDD 15 kHz + TDD 15 kHz CA: FFS

· HARQ process number for TDD 15 kHz + TDD 30 kHz CA: FFS


In this contribution, we give our analysis for the specific number of HARQ process for the different CA combinations as listed above.

2   Discussion

As per TS 38.214 section 5.3, the UE PDSCH processing capability should be based on the following principle:

· N1 is based on the smallest subcarrier spacing among (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1: 
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, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted.
· With and without additional DM-RS as in Table 5.3-1

· Additional DM-RS position [image: image3.png]
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 then N1,0=14 in Table 5.3-1, otherwise N1,0=13.
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 

or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


· If the UE is configured with multiple active component carriers, the first uplink symbol which carries the HARQ-ACK information further includes the effect of timing difference between the component carriers as given in [11, TS 38.133];
· For the PDSCH mapping type A as given in subclause 7.4.1.1 of [4, TS 38.211]: if the last symbol of PDSCH is on the i-th symbol of the slot where i < 7, then d1,1 = 7 - i, otherwise d1,1 = 0
· If this PUCCH resource is overlapping with another PUCCH or PUSCH resource, then HARQ-ACK is multiplexed following the procedure in subclause 9.2.3 of [9, TS 38.213], otherwise the HARQ-ACK message is transmitted on PUCCH.
· A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

· If a UE detects a first DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format 1_0 or DCI format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH reception that includes the second DCI format is not earlier than 
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 from the beginning of a first symbol of the first resource for PUCCH transmission in the slot where, [image: image9.png]
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 are defined in subclause 4.1 of [4, TS 38.211] and 
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 corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHs providing the DCI formats and the SCS configuration of the PUCCH. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the second DCI format and for all serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the slot,
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; otherwise , 
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2.1   NR CA with same numerology
RAN4 already agreed to reuse the number of HARQ process of Rel-15 single carrier performance requirements for FDD CA and TDD CA [3]

· Baseline

· FR1 FDD: 4

· FR1 TDD with 30 kHz SCS: 8

· FR2 TDD with 120 kHz SCS: 8

Consider the timing difference between CC with multiple active CCs, longer PDSCH processing time should be considered as per Table 7.6.4-1 and Table 7.6.4-2 in TS 38.133. After double checking the agreed K1 values for single carrier, UE PDSCH processing capability can be met although the K1 values for FR2 are stricter than that for FR1.
2.2   NR CA with different numerology or different duplex mode
As per the agreement [1], No UL CA is assumed and HARQ-ACK feedback is transmitted on PCell. Because all factors for the HARQ-ACK feedback is based on PCell itself, the number of HARQ process and K1 values defined for single carrier in Rel-15 can be reused for PCell. The analysis for SCell is needed case by case considering the different TDD UL-DL patterns, numerology and duplex mode.
2.2.1   FDD 15kHz SCS + TDD 30kHz SCS
2.2.1.1   FDD 15kHz SCS PCell + TDD 30kHz SCS SCell
FDD with 15kHz SCS acts as PCell, all HARQ-ACK feedback transmitted on FDD UL carrier as figured below, TDD UL-DL pattern for FR1 30kHz SCS, 7D1S2U with S=6:4:4 is used [3]:
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Figure 2.2-1: HARQ timing for FDD-TDD CA with FDD 15kHz SCS PCell + TDD 30kHz SCS SCell
FDD PCell with 15kHz SCS: RAN4 agreed 4 HARQ processes in RAN4#93 meeting. Same number of HARQ process 4 and K1 value 2 as single carrier can be reused.
TDD SCell with 30kHz SCS: to decide the number of HARQ process and the K1 value, all factors affect UE PDSCH processing capability N1 should be considered, the smallest SCS resulting in largest Tproc,1 , i.e. based on FDD 15kHz carrier of PUCCH for HARQ-ACK feedback, the related HARQ-ACK feedback for TDD SCell is multiplexed with the HARQ-ACK feedback for FDD PCell on the FDD carrier as much as possible for the same absolute timing. As shown in Figure 2.3-1, the same HARQ process 8 as single carrier of TDD with 30kHz SCS can be used. 

K1=2 is used for FDD single carrier with 4 HARQ process for NR Rel-15 UE demodulation requirements, in that case, Tproc,1 = 14 = N1 for
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=0, it equals to the UE minimum PDSCH processing capability 1.
Proposal 1: Number of HARQ process and K1 for FDD 15kHz PCell + TDD 30kHz SCell:  
· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1 ={2}
· TDD 30kHz SCell: 8 HARQ processes with K1={2}
2.2.1.2   FDD 15kHz SCS SCell + TDD 30kHz SCS PCell
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FoD 1508z
Scs scel

iz 0 | 0 | D




Figure 2.2-2: HARQ timing for FDD-TDD CA with FDD 15kHz SCS SCell + TDD 30kHz SCS PCell
FDD SCell with 15kHz SCS: N1 needs to consider the smallest subcarrier spacing 15kHz SCS, 14 symbol with 
[image: image30.wmf]m

=0, HARQ process#4 of FDD SCell cannot feedback on slot#9 of TDD 30kHz SCS; Tproc,1 for HARQ process#3 of FDD SCell is (14+7) symbol with
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=0, it is feasible. The smallest number of HARQ process for FDD SCell should be 6 as figured below, but only one slot is reserved for the next scheduling of HARQ process#6, 8 HARQ processes is more reasonable, K1 should be based on the slots number of TDD 30kHz SCS PCell, i.e. K1={7,6,4,11,9,7,6,4}

TDD PCell with 30kHz SCS: same as single carrier case, i.e. 8 HARQ processes and K1={8,7,6,5,5,4,3,2}. 
Proposal 2: Number of HARQ process and K1 for TDD 30kHz PCell + FDD 15kHz SCell:  
· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1={8,7,6,5,5,4,3,2}

· FDD 15kHz SCell: 8 HARQ processes with K1 ={7,6,4,11,9,7,6,4}

2.2.2   TDD 15kHz SCS + TDD 30kHz SCS
2.2.2.1   TDD 15kHz SCS PCell + TDD 30kHz SCS SCell
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Figure 2.2-3: HARQ timing for TDD-TDD CA with TDD 15kHz SCS PCell + TDD 30kHz SCS SCell
TDD PCell with 15kHz SCS: As stated above, it is same as the single carrier, i.e. 8 HARQ processes with K1= {4,3,2,6}.
TDD SCell with 30kHz SCS: The HARQ-ACK is feedback on TDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, K1 is based on 15kHz SCS of the PCell.
Proposal 3: Number of HARQ process and K1 for TDD 15kHz PCell + TDD 30kHz SCell: 

· TDD 15kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1 ={4,3,2,6}

· TDD 30kHz SCell: 12 HARQ processes with K1={4,4,3,3,2,2,6,6}
2.2.2.2   TDD 15kHz SCS SCell + TDD 30kHz SCS PCell
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Figure 2.2-4: HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell + TDD 15kHz SCS SCell
TDD PCell with 30kHz SCS: it is same as the single carrier, i.e. 8 HARQ processes with K1= {8,7,6,5,5,4,3,2}.
TDD SCell with 15kHz SCS: The HARQ-ACK is feedback on TDD PCell with 30kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, but K1 is based on 30kHz SCS of the PCell. As per the analysis shown in the above figure, 6 HARQ processes with K1={7,5,4,11} are needed.
Proposal 4: Number of HARQ process and K1 for TDD 30kHz PCell + TDD 15kHz SCell: 

· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1 ={8,7,6,5,5,4,3,2}

· TDD 15kHz SCell: 6 HARQ processes with K1={7,5,4,11}
2.2.3   FDD 15kHz SCS + TDD 15kHz SCS
2.2.3.1   FDD 15kHz SCS PCell + TDD 15kHz SCS SCell
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Figure 2.2-5: HARQ timing for FDD-TDD CA with FDD 15kHz SCS PCell + TDD 15kHz SCS SCell
FDD PCell with 15kHz SCS: it is same as the single carrier, i.e. 4 HARQ processes with K1= 2.
TDD SCell with 15kHz SCS: The HARQ-ACK is feedback on FDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
[image: image37.wmf]m

=0, K1 is based on 15kHz SCS of the PCell. As per the analysis shown in the above figure, 4 HARQ processes with K1=2 can be configured.
Proposal 5: Number of HARQ process and K1 for FDD 15kHz PCell + TDD 15kHz SCell: 

· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1=2
· TDD 15kHz SCell: 4 HARQ processes with K1=2
2.2.3.2   TDD 15kHz SCS PCell + FDD 15kHz SCS SCell
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Figure 2.2-6: HARQ timing for FDD-TDD CA with TDD 15kHz SCS PCell + FDD 15kHz SCS SCell
TDD PCell with 15kHz SCS: it is same as the single carrier, i.e. 8 HARQ processes with K1= {4,3,2,6}.
FDD SCell with 15kHz SCS: The HARQ-ACK is feedback on TDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, K1 is based on 15kHz SCS of the PCell. As per the analysis shown in the above figure, 8 HARQ processes with K1={4,3,2,6,5} can be configured.
Proposal 6: Number of HARQ process and K1 for TDD 15kHz PCell + FDD 15kHz SCell: 

· TDD 15kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1={4,3,2,6}

· FDD 15kHz SCell: 8 HARQ processes with K1={4,3,2,6,5}
2.3   Summary

As per the above analysis, here is the summary of number of HARQ process and K1 values for CA with different duplex mode or different numerology.
Table 1: Number of HARQ process and K1 value for CA with different duplex model or mixed numerology
	Scenario
	PCell (Note 1)
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz SCS
	4
	2
	TDD 30kHz SCS
	8
	{2}

	
	TDD 30kHz SCS
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz SCS
	8
	{7,6,4,11,9,7,6,4}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz SCS
	8
	{4,3,2,6}
	TDD 30kHz SCS
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz SCS
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz SCS
	6
	{7,5,4,11}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz SCS
	4
	{2}
	TDD 15kHz SCS
	4
	{2}

	
	TDD 15kHz SCS
	8
	{4,3,2,6,5}
	FDD 15kHz SCS
	8
	{4,3,2,6}

	NOTE 1: For PCell, the number of HARQ process and K1 value is same as single carrier case.


3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:
Proposal 1: Number of HARQ process and K1 for FDD 15kHz PCell + TDD 30kHz SCell:  
· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1 ={2}
· TDD 30kHz SCell: 8 HARQ processes with K1={2}
Proposal 2: Number of HARQ process and K1 for TDD 30kHz PCell + FDD 15kHz SCell:  
· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1={8,7,6,5,5,4,3,2}

· FDD 15kHz SCell: 8 HARQ processes with K1 ={7,6,4,11,9,7,6,4}

Proposal 3: Number of HARQ process and K1 for TDD 15kHz PCell + TDD 30kHz SCell: 

· TDD 15kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1 ={4,3,2,6}

· TDD 30kHz SCell: 12 HARQ processes with K1={4,4,3,3,2,2,6,6}
Proposal 4: Number of HARQ process and K1 for TDD 30kHz PCell + TDD 15kHz SCell: 

· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1 ={8,7,6,5,5,4,3,2}

· TDD 15kHz SCell: 6 HARQ processes with K1={7,5,4,11}
Proposal 5: Number of HARQ process and K1 for FDD 15kHz PCell + TDD 15kHz SCell: 

· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1=2

· TDD 15kHz SCell: 4 HARQ processes with K1=2
Proposal 6: Number of HARQ process and K1 for TDD 15kHz PCell + FDD 15kHz SCell: 

· TDD 15kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1={4,3,2,6}

· FDD 15kHz SCell: 8 HARQ processes with K1={4,3,2,6,5}
4   Reference
[1] R4-1915861, Way forward on PDSCH CA normal demodulation requirements, RAN4#93, Intel
[2] R4-1912832, Way forward on PDSCH CA normal demodulation requirements, RAN#92Bis, Intel
[3] R4-1910046, Way forward on PDSCH CA normal demodulation requirements, RAN4#92, Intel
_1635006114.unknown

_1635006118.unknown

_1635006120.unknown

_1635006122.unknown

_1637515358.unknown

_1637521014.unknown

_1635006123.unknown

_1635006121.unknown

_1635006119.unknown

_1635006116.unknown

_1635006117.unknown

_1635006115.unknown

_1635006110.unknown

_1635006112.unknown

_1635006113.unknown

_1635006111.unknown

_1635006108.unknown

_1635006109.unknown

_1634990741.unknown

