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1	Introduction
This contribution relates to the number of HARQ processes and the related soft buffer consideration. The following agreements have been made in the RAN1#88bis and RAN1#89
Conclusion: (RAN1 #88bis)
· Consider further following two aspects for the number of HARQ processes:
· Maximum number of HARQ processes per carrier
· Soft-buffer size/dimensioning/partitioning
· Open questions:
· What RAN1 specification impacts the above two aspects will have?
· What factors impacts on each of the aspects, and how much?
· For which types of UEs the peak data rate is desirable?
· What is the relation between these two aspects and flexible scheduling/HARQ-ACK feedback timings?
· How/whether different between downlink and uplink?
· Email discussion about above question until 20th April – Joseph (Qualcomm)

Agreements: (RAN1 #89)
· A set of reference parameters is used for the purpose of soft buffer dimensioning
· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 
· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT
· FFS: how different UE categories are defined
· LBRM is taken into account
· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 
· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission
· FFS: down-selection of 8 or 16
· FFS: soft-buffer handling
· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 

2	Discussion
2.1	Maximum number of HARQ processes
The maximum number of HARQ processes to be supported by the specification as well as what is expected from different UEs need to be defined in RAN1. From system operation perspective it would be important to be able to operate all UEs normally in all deployment environments.Thus the number of HARQ processes to be supported should not be a UE capability, but the same maximum number of HARQ processes should be supported by all UEs.
However, depending on the UE soft buffer management approach, there may or may not be a need to semi-statically allocate the soft memory for an active HARQ process. This aspect is discussed further in a companion contribution under a separate agenda item [7].
In table 1 different HARQ RTTs are examined for different sub-carrier spacings and TTI durations. The following assumptions were made in the calculations:
· TTI duration: 7, 14 and 28 symbols
· UE processing time: 1 slot + 0.25 ms
· gNB processing time: 2 slots + 0.25 ms
· HARQ-ACK: 1 TTI (long PUCCH)
· Max 2-way FH delay: 1 ms
· FDD operation – HARQ-ACK transmission is possible immediately

Table 1: Example RTTs with different sub-carrier spacings
	Subcarrier spacing
	30 kHz
	60 kHz
	120 kHz

	symbols/TTI
	7
	7
	14
	14
	7
	7
	14
	14
	14
	14
	28
	28

	TTI [ms]
	0.25
	0.25
	0.5
	0.5
	0.125
	0.125
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	# of HARQ processes
	8
	16
	8
	16
	8
	16
	8
	16
	8
	16
	8
	16

	Max HARQ RTT [ms]
	2
	4
	4
	8
	1
	2
	2
	4
	1
	2
	2
	4

	Cell Range [km]
	3
	3
	3
	3
	1
	1
	1
	1
	1
	1
	1
	1

	Propafation RTT [ms]
	0.02
	0.02
	0.02
	0.02
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067
	0.0067

	Data transmission time [ms]
	0.25
	0.25
	0.5
	0.5
	0.125
	0.125
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	HARQ-ACK duration [ms]
	0.25
	0.25
	0.5
	0.5
	0.125
	0.125
	0.25
	0.25
	0.125
	0.125
	0.25
	0.25

	UE processing time [ms]
	0.5
	0.5
	0.75
	0.75
	0.375
	0.375
	0.5
	0.5
	0.375
	0.375
	0.5
	0.5

	gNB processing time [ms]
	0.75
	0.75
	1.25
	1.25
	0.5
	0.5
	0.75
	0.75
	0.5
	0.5
	0.75
	0.75

	FH 2-way delay [ms]
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Loop RTT [ms]
	2.77 
	2.77 
	4.02 
	4.02 
	2.13 
	2.13 
	2.76 
	2.76 
	2.13 
	2.13 
	2.76 
	2.76 

	Margin[ms]
	-0.77 
	1.23 
	-0.02 
	3.98 
	-1.13 
	-0.13 
	-0.76 
	1.24 
	-1.13 
	-0.13 
	-0.76 
	1.24 



Without yet having agreements on worst-case UE processing time it may be difficult to make the final decisions on the number of HARQ processes, but it does appear that 8 processes won’t be sufficient in all cases to support contiguous transmission to one UE.
Proposal #1: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #2: Allocate 4 bits for HARQ process number indication per carrier and per MIMO CW in the DCI for both downlink and uplink
2.2	Configurable number of HARQ processes
[bookmark: _GoBack]Depending on the UE soft buffer management approach, there may or may not be a need to semi-statically allocate the soft memory for an active HARQ process. This aspect is discussed further in a companion contribution under a separate agenda item [7]. The UE architectures that require semi-static soft buffer allocation benefit from the knowledge of how many processes the gNB expects to use. In such UE architectures that require more semi-static per-process soft buffer memory allocation, dimensioning the soft buffer for the maximum TB size for the maximum number of HARQ processes would lead to overdimensioning the UE hardware.
Proposal #3: The number of HARQ processes used in downlink per carrier and per MIMO CW is configurable semi-statically
3	Conclusions
In this contribution the following proposals related to the number of HARQ processes are made:
Proposal #1: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #2: Allocate 4 bits for HARQ process number indication per carrier and per MIMO CW in the DCI for both downlink and uplink
Proposal #3: The number of HARQ processes used in downlink per carrier and per MIMO CW is configurable semi-statically
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