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1 Introduction

In RAN1#88 meeting [1], the number of HARQ processes was discussed. The following WF on the number of HARQ processes was cosigned by many companies [2]: 

· At least for 15kHz SCS, the baseline of maximum HARQ process that UE supports with 8 for FDD and 16 for TDD for a single carrier can be a start point.

· FFS other values of maximum HARQ process 
· FFS other SCS

Several comments on this WF were given during the online and offline discussion. In this contribution, we give some further analysis on the rational of this proposal and answer the comments from the meeting. Several observations and proposals are given for RAN1 consideration and decision.
2 Discussion 
Multiple HARQ processes are used in LTE to improve the system efficiency and give enough scheduling flexibility. To achieve the peak data rate, the data stream should be transmitted without gap. That means, 
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is the minimum number of HARQ process  for contiguous 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 reception at UE and the retransmission data is expected at UE. Refer 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, frame structure and so on. 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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 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 in case of 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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with one 
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length as the default value.
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is transmission delay from the UE antenna port to the gNB baseband unit (BBU). It includes the time the electromagnetic wave traveling 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 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 capability of 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 as that of LTE. To be simple for analysis, we can suppose the processing time of gNB including the retransmission scheduling time is two 
[image: image22.wmf]TTI

T

s. And K1 is equal to 2 and long PUCCH is used. Then we get the following result:

[image: image23.wmf]4

4

5

4

3

2

1

2

5

2

2

2

T

T

T

T

T

T

T

T

T

T

T

T

T

TTI

TTI

TTI

TTI

TTI

HARQ

×

+

×

=

×

+

×

+

+

+

=

+

×

+

+

+

=

                                                (2)

We assume the processing time of gNB and UE is proportional to the TTI length. Actually, there are some time that has nothing to do with the TTI length, for example, the interactive time between software and hardware. Suppose this time is about 125 microseconds at both UE side and gNB side, then we get the following result:
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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 process for contiguous transmission for some 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 noticed that our analysis above 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 TDD frame structure configuration. To be flexible, it is better that the number of HARQ process is configured semi-statically by gNB. We can take the value of LTE as the start point in NR and other values can be further studied.
Observation 1: The minimum number of HARQ processes for contiguous transmission varies with the deployment scenarios and the TTI lengths.
From UE side, one of factors influencing on the number of HARQ process is the UE buffer capability. To be simple, we can assume that the total number of buffer size is proportional to the product of the number of HARQ process 
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For the smaller TTI length, the TB size is reduced correspondingly. To be simple, we use the following equation for our analysis:
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So the statement that increase the number of HARQ process UE supported will increase UE buffer size without considering the TTI length is questionable. We can define UE category based on the total number of UE buffer size and configure the number of HARQ process UE actually used based on the TTI length. 
Observation 2: The number of HARQ processes UE supported can vary with the TTI lengths without obviously impacting on the UE complexity.
It is clear that the number of HARQ process can’t be unlimited large.The maximum number of HARQ process UE supported depends on other factors such as UE parallel process capability. It is helpful for UE to report is its total number of buffer size and the maximum of HARQ process to gNB. Then gNB can configure a UE suitable number of HARQ process, just like what LTE SPS has done.
In all, the number of HARQ process from UE side and from gNB side is both variable with at least TTI length. And the minimum number of HARQ process for contiguous transmission from gNB side and the maximum number of HARQ process from UE side may be not same. So UE should report its HARQ capabilities, including the maximum number of HARQ process, the total soft buffer size and the HARQ timing parameter such as K1 to gNB. Then gNB can configure UE a suitable number of HARQ process based on UE capability and gNB deployment scenarios.  

Based on these observations, we give the following proposals:
Proposal 1: UE should report its HARQ capability at least including the maximum number of HARQ entities UE supported, the total number of soft buffer size and the HARQ timing parameter such as K1 to gNB.

Proposal 2: The number of HARQ process for some UEs can be configured semi-statically by gNB. 
Proposal 3: At least for 15kHz SCS as LTE, the baseline of maximum HARQ process that UE supports with 8 for FDD and 16 for TDD for a single carrier can be a starting point in NR. Other values are FFS.
To give more flexible, the number of HARQ process can be set to a bigger value. That doesn’t mean UE should support the 8 HARQ entities for all TTI length. For some large TBs, the number of HARQ process that UE is configured with will be reduced correspondingly based on the total number of UE buffer size.
3 Conclusions
In this contribution, we give the rational of the HARQ process configuration and discuss the scope of the number of HARQ process. We make the following observations and proposals for RAN1 consideration and decision:
Observation 1: The minimum number of HARQ processes for contiguous transmission varies with the deployment scenarios and the TTI lengths.
Observation 2: The number of HARQ processes UE supported can vary with the TTI lengths without obviously impacting on the UE complexity.
Proposal 1: UE should report its HARQ capability at least including the maximum number of HARQ entities UE supported, the total number of soft buffer size and the HARQ timing parameter such as K1 to gNB.

Proposal 2: The number of HARQ process for some UEs can be configured semi-statically by gNB. 
Proposal 3: At least for 15kHz SCS as LTE, the baseline of maximum HARQ process that UE supports with 8 for FDD and 16 for TDD for a single carrier can be a starting point in NR. Other values are FFS.
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