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1 Introduction

In RAN1 #88bis meeting, the discussion on the number of HARQ processes was triggered by two WF documents [1]

 REF _Ref480219563 \r \h 
[2]. The following email discussion [88b-14] was agreed to help further the understanding on the specification impacts related to number of HARQ processes [3].
Consider further following two aspects for the number of HARQ processes:

1. Maximum number of HARQ processes per carrier

2. 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?

In this contribution, we analyze what factors impact on the maximum number of HARQ process and how much. Based on our analysis, we propose that gNB semi-statically configures the maximum number of UE HARQ processes based on UE capabilities.
2 Discussion 
2.1 HARQ RTT and the minimum number of HARQ processes
From the gNB side, to achieve the peak data rate, the data stream should be transmitted continuously. That means, 
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is the minimum number of HARQ process  for continuous data transmission. 
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 is the transmission duration of one TB in NR. It can be one mini-slot, one slot or multiple slots if slot aggregation is applied per TB. 
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is defined as the time duration between the beginning of initial transmission data received at UE and the retransmission data is expected at UE. Refering to the Figure 1, the duration of 
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Figure 1. The timing diagram of one HARQ process
where
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 is the over the air of time duration of one TB, that is one 
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. It can be one slot, one mini-slot or several slots if slot aggregation is used. 
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 is the time duration between the end of TB reception at UE to the beginning of ACK/NACK transmission at UE. 
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includes the TB processing time at UE and the time waiting for UL ACK/NACK transmission opportunities. This time can be from tens of microseconds to several milliseconds depending on UE capability, data rate, slot type, and frame structure. For high data rate traffic, such as eMBB, it is very hard to for UE to feedback the ACK/NACK in tens of microseconds.  In case of K1 is greater than zero, 
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[image: image13.wmf]TTI

T

.


[image: image14.wmf]3

T

 is the over the air time duration of UL ACK/NACK. Depending on the UCI transmission mechanisms used for UE, it can be from 1 symbol when short duration is used or nearly one or several slots in case of long duration or slot aggregation is used. For eMBB scenarios, we can consider 
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length as the default value.
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is the transmission delay from the UE antenna port to the gNB baseband unit (BBU). It includes the time the propagation time between gNB and UE and the time from the antenna port of gNB to gNB BBU. Depending on the cell size and deployment scenarios, 
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 may be from several microsecond to several hundred microsecond. 
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is the retransmission processing time at the gNB. It includes ACK/NACK reception at PHY, retransmission scheduling at MAC. Except for time on rescheduling, at least two interactions between PHY and MAC are needed, which are normally several hundred microseconds. 

In LTE, 
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is less than 8 milliseconds in FDD. In NR, the deployment scenarios at least include the typical deployment scenarios in LTE, so the typical value for 
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 is similar as LTE, from several microseconds to several hundred microseconds. Some large delay can be introduced in NR if the transmission path between RRU to BBU is longer. We take the value of 10 microseconds and 200 microseconds as examples. For the processing time at gNB and UE, it depends on the capabilities of the gNB and UE. Although the processing speed of NR may be faster than that of LTE, the amount of data to be processed in NR can be about 10 times greater. To simplify the analysis, we assume the processing time of gNB including the retransmission scheduling time is two 
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s. And K1 is equal to 2 and long PUCCH is used. Then we get the following result:
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We assume the processing time of gNB and UE include processing time that is proportional to the TTI lengthprocessing time that is independent of the TTI length, for example, the interactive time between software and hardware. Suppose the later is about 125 microseconds at both UE side and gNB side, then we get the following result:


[image: image24.wmf]p

TTI

HARQ

T

T

T

T

T

T

T

T

T

×

+

×

+

×

=

+

×

+

+

+

=

2

2

5

2

4

5

4

3

2

1

                                                     (3)

where 
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 is the interactive time between software and hardware at UE/gNB. 
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 of 125 microseconds is used in our following analysis. 
Using the result of equation (2) and equation (3), we can get the minimum number of HARQ processes for continuous transmission for UEs/gNBs for some typical scenarios as shown in Table 1.
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Table 1. The values of 
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 in some typical use cases
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	Equation (2)
	Equation (3)

	10
	1000
	6
	6

	10
	500
	6
	6

	10
	125
	6
	8

	10
	71
	6
	9

	200
	1000
	6
	6

	200
	500
	6
	7

	200
	125
	9
	11

	200
	71
	11
	15


It should be noted that our analysis is only the examples taking some typical values. In some cases, the value of 
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will be more than that shown in Table 1. For example, the time waiting for uplink ACK/NACK transmission opportunities may be more than one TTI in some frame structure configuration. 
2.2 HARQ processing time and the minimum number of HARQ process

Considering the typical frame structure used in NR, we can get the timing diagram of one DL HARQ process shown in Figure 2 and the timing diagram of one UL HARQ process shown in Figure 3. 
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Figure 2. The timing diagram of one HARQ process 
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Figure 3. The timing diagram of one UL HARQ process when  
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is less than TTI length
Then for continuous DL transmission with peak DL data rate, the minimum number of DL HARQ processes is 
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. For contiguous UL transmission with peak UL data rate, the minimum number of UL HARQ processes is 
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Take the typical values of HARQ timing parameters in our contribution [5], that is, K1=4, K2=4, K3=4 and K4=4 for SCS 15KHz slot-based scheduling, then we can get the minimum number of DL HARQ processes is 8 for SCS 15KHz slot-based scheduling and the minimum number of UL HARQ processes is 8 for SCS 15KHz slot-based scheduling.
2.3 UE soft buffer size and the maximum number of HARQ processes
In our contribution [4], we find that there is following approximate relationship, 
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That means for a specific peak data rate and UE soft buffer size, the maximum number of HARQ processes varies with TTI length from UE side. So from UE capability point of view, we should define the maximum number of HARQ processes under the reference TTI length as one of UE capability instead of consider the maximum number of HARQ processes independently. 
Proposal 1: Define the maximum number of HARQ processes under the reference TTI length as one of UE capability.
From UE capability point of view, the UE soft buffer size, the peak spectrum efficiency, the maximum channel bandwidth, the maximum number of layers and the UE processing time (K0, K1 and K2) are key physical parameters influence on UE complexity.  Once the UE soft buffer size is determined, the maximum number of HARQ processes can vary with the TTI length. If the UE is configured to support maximum peak data rate, then the maximum number of HARQ processes UE configured should be no less than the minimum number of HARQ processes for continuous transmission from gNB side, that is, 
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For soft buffer size limited UE, which can't support the peak data rate reception all the time, the maximum number of HARQ processes can also be a large value with the reduction of TB size. Or the maximum number of HARQ processes can be a small value without loss the spectrum efficiency in a TTI. In this case, the average data rate during the whole HARQ RTT is less than the peak data rate. 
Based on our analysis, we can find that the factors that effect on the maximum number of HARQ processes from UE side and the factors that effect on the minimum number of HARQ from gNB side are more complex than LTE. For some short TTI length, UE can support much higher value of HARQ processes without obviously impact on UE complexity. 

To give enough flexibility for future design, it is better that the number of HARQ process is configured semi-statically by gNB based on UE capability. UE should report its capability parameters effecting on the configured number of HARQ process to gNB, which include the maximum number of HARQ process under the reference TTI length, the supported maximum data rate, the total soft channel bits, and HARQ timing parameters. The typical value of 8 SCS 15KHz slot type scheduling  can be as the starting point as shown in section 2.2.
Proposal 2: UE should report at least the following capability parameters to gNB

· the maximum number of HARQ processes under the reference TTI length
· the supported maximum data rate
· the total soft channel bits
· HARQ timing parameters such as K0, K1 and K2.
Proposal 3: The maximum number of UE HARQ processes can be configured semi-statically by gNB based on UE capabilities.
Proposal 4: The maximum number of UE DL HARQ processes of 8 for 15kHz SCS slot-based scheduling for a single carrier as LTE can be a starting point in NR. Other values are FFS.
Proposal 5: The maximum number of UE UL HARQ processes of 8 for 15kHz SCS slot-based scheduling for a single carrier as LTE can be a starting point in NR. Other values are FFS.

3 Conclusions
In this contribution, we analyze the factors impacting on the maximum number of HARQ processes. Based on our analysis, we make the following proposals for RAN1 further work:

Proposal 1: Define the maximum number of HARQ processes under the reference TTI length as one of UE capability.
Proposal 2: UE should report at least the following capability parameters to gNB

· the maximum number of HARQ processes under the reference TTI length
· the supported maximum data rate

· the total soft channel bits
· HARQ timing parameters such as K0, K1 and K2.

Proposal 3: The maximum number of UE HARQ processes can be configured semi-statically by gNB based on UE capabilities.

Proposal 4: The maximum number of UE DL HARQ processes of 8 for 15kHz SCS slot-based scheduling for a single carrier as LTE can be a starting point in NR. Other values are FFS.

Proposal 5: The maximum number of UE UL HARQ processes of 8 for 15kHz SCS slot-based scheduling for a single carrier as LTE can be a starting point in NR. Other values are FFS.
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