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1. Introduction

In RAN1 NR AH#2 meeting, following agreements were made on the HARQ procedure for NR in terms of the minimum UE processing time [1].
	Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)

· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.

· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.

· Note the timing advance is not included in N1 and N2

· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2

· FFS between the following for each combination defined in the next slide

· Opt 1: UE reports N1 and N2 as UE capability

· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing


In this contribution, we discuss and provide our views on HARQ process for NR in terms of the minimum UE processing time, HARQ timing, the maximum HARQ process number, and soft buffer management. 
2. Discussion

2.1. Minimum UE processing time and HARQ timing
First of all, regarding the factors contributing to the minimum UE processing time (N1, N2), followings can be considered as the candidates. 
· Subcarrier spacing (and/or BW)

Subcarrier spacing (and BW) is related to the OFDM symbol or slot duration (and the maximum TBS for peak rate) used for PDSCH/PUSCH which may impact on the processing time (N1, N2).
· DMRS pattern for PDSCH

DMRS pattern for PDSCH is related to the timing to finish channel estimation used for demodulation of the received PDSCH signals which may impact on the processing time N1.

· Data RE mapping

Data RE mapping rule is related to the timing to start decoding of the received PDSCH (or to start mapping of the encoded PUSCH) which may impact on the processing time (N1, N2). 
· PDCCH time duration

PDCCH time duration is related to the timing to start channel estimation for PDSCH demodulation (or to start encoding of the scheduled PUSCH) which may impact on the processing time (N1, N2). 

· CSI reporting on PUSCH

CSI reporting on PUSCH is related to the timing to finish encoding of the scheduled PUSCH including CSI calculation which may impact on the processing time N2.
Given that, the set of the candidate factors to be considered in determining the processing time (N1, N2) can be identified as below.

· N combinations of subcarrier spacing (SCS) and BW

- FFS on the N combinations
· 2 types of DMRS pattern for PDSCH

- Front-loaded DMRS only, with additional DMRS (on top of front-loaded DMRS)

· 2 types of data RE mapping

- Frequency-first manner, time-first manner

· 3 types of PDCCH time duration

- 1 symbol duration, 2 symbol duration, 3 symbol duration
· 2 types of CSI reporting on PUSCH

- PUSCH with CSI reporting, PUSCH without CSI reporting
Based on the above, firstly, the NR UE is required to report its minimum processing time (N1, N2) to the gNB per each of the impacting factors or according to the combination of factors. Secondly, the gNB may be able to estimate the minimum HARQ timing (K1, K2) in slot level per factor for the UE by additionally considering other features such as TA value. Consequently, the UE can be configured with the set of HARQ timing candidates (indicatable by DCI) per each of the factors by gNB based on the reported (N1, N2), with consideration of both HARQ latency reduction and HARQ timing flexibility.
Proposal 1: SCS/BW, DMRS pattern, RE mapping, PDCCH duration, CSI reporting can be considered as the factors contributing to the minimum UE processing time (N1, N2). 

Proposal 2: NR UE is required to report its minimum processing time (N1, N2) to the gNB per each of the factors, and consequently, the UE can be configured with the set of HARQ timing candidates per each of the factors by gNB based the reported (N1, N2), with consideration of both HARQ latency reduction and HARQ timing flexibility. 

2.2. HARQ process number and soft buffer management
Regarding the HARQ procedure in NR operation, the following parameters are to be considered from both UE and gNB perspectives. 
· UE minimum HARQ delay (“min_UE_delay”)

This means the minimum HARQ delay within the set of candidate HARQ timing delays for the NR UE configured by gNB. Note that the set of HARQ timing is configured by considering UE minimum processing time reported to gNB. Here, UE HARQ delay includes the delay from DL data reception to the corresponding HARQ-ACK transmission, or the delay from UL grant reception to the corresponding UL data transmission.
· UE maximum HARQ delay (“max_UE_delay”)

This means the maximum HARQ delay within the set of candidate HARQ timing delays for the NR UE configured by gNB.
· gNB minimum HARQ delay (“min_gNB_delay”)
This means the minimum HARQ delay at gNB side assumed by the NR UE. Here, gNB HARQ delay includes the delay from HARQ-ACK reception to the corresponding DL data (e.g. retransmission for same HARQ process ID) scheduling, or the delay from UL data reception to the corresponding UL data (e.g. retransmission) scheduling. 
· Minimum HARQ RTT (“min_HARQ_RTT”)

This means the minimum delay from DL/UL data scheduling or transmission to the corresponding DL/UL data (e.g. retransmission for same process ID) scheduling or transmission. Here, it can be considered to determine this minimum HARQ RTT by either the UE minimum HARQ delay or the UE maximum HARQ delay. 
· Maximum HARQ process number (“max_HARQ_num”)

This means the maximum number of HARQ processes able to be identified from both DL control signalling and MAC layer processing perspectives. 
In LTE, the value of the above parameters, i.e., UE HARQ delay, eNB HARQ delay, minimum HARQ RTT, and maximum HARQ process number, is deterministic. In FDD case, for example, the values of UE HARQ delay and eNB HARQ delay are the same and fixed to 4 [msec or subframe], and correspondingly the minimum HARQ RTT is set to 8 (= UE HARQ delay + eNB HARQ delay), and then the maximum HARQ process number is set to 8 as the same value with the minimum HARQ RTT. In TDD case, unlike the FDD, a set of multiple different values is used as UE HARQ delay, and the set is differently defined according to the UL/DL configuration, and then the minimum HARQ RTT (same with the maximum HARQ process number) is determined based on UE maximum HARQ delay. Besides, for a given serving cell, UL/DL configuration is also deterministic in the LTE. 
In NR, on the other hand, UL/DL configuration would be dynamically changed for flexible TDD operation, and at least UE HARQ delay among the above parameters could be configurable by gNB. It means that a set of UE HARQ delay (e.g. the minimum value and the maximum value in the set) could be reconfigured (changed) according to gNB’s scheduling policy and/or resource management. Moreover, gNB (minimum) HARQ delay could also be different according to gNB’s processing capability (implementation) and/or cell deployment (e.g. target coverage). Consequently, the minimum HARQ RTT could also be changed by configurable UE HARQ delay as well as gNB HARQ delay. 
For the design of HARQ procedure in NR, there seems to be several consideration points to be discussed and decided as the followings.
(1) How to determine the minimum HARQ RTT (e.g. based on UE minimum or maximum HARQ delay, or independently configurable by gNB)
(2) How to determine the maximum HARQ process number (e.g. as same with the minimum HARQ RTT, or independently configurable by gNB)
(3) How to determine the minimum soft buffer size per TB (e.g. by the maximum HARQ process number, or independently configurable by gNB)

Regarding the above points, firstly, it may need to be considered in NR that dynamic HARQ timing indication is applied for flexible TDD operation. It means that the indicated HARQ timing can be varied within the range between the minimum and the maximum of the configured HARQ delay. Moreover, candidate values of the configured HARQ delay would be UE-specific since the UE minimum processing time (reported to gNB) would be different between UEs. Considering these features in NR operation and following the design in LTE TDD, it can be considered to determine the minimum HARQ RTT (for the purpose of configuring the maximum HARQ process number to a UE) at least based on the configured maximum HARQ delay. 
Secondly, it may also need to be considered in NR that dynamic UL/DL configuration is applied for flexible TDD operation. It means that any slot can be used for scheduling of either DL data or UL data, and thus, the maximum HARQ process number can at least be determined by the number of slots within the above minimum HARQ RTT. In addition, considering potential scheduling of both DL data and UL data within a same HARQ RTT, it can also be considered to configure smaller number than that of slots in a HARQ RTT as the maximum HARQ process number. Note that the maximum HARQ process number configured for a UE is to be limited by the HARQ RTT (lower bound) determined based on the configured minimum HARQ delay and the HARQ RTT (upper bound) determined based on the configured maximum HARQ delay, to avoid data throughput loss and unnecessary DCI overhead.
Thirdly, regarding soft buffer dimensioning in term of the minimum buffer size per TB, it would be undesirable to determine the minimum buffer size per TB by the maximum HARQ process number all the time. This is because the dimensioning of soft buffer (with limited size) by large number would cause performance degradation due to the limitation of soft bit buffering per TB. Therefore, it can be reasonable to set an upper limit of the number used for the buffer dimensioning as in LTE TDD. Detailed observations on soft buffer management in terms of buffer dimensioning according to TTI length and HARQ RTT are provided in companion paper [2]. 
Proposal 3: It can be considered in NR to determine the minimum HARQ RTT (for the purpose of configuring the maximum HARQ process number to a UE) at least based on the configured maximum HARQ delay, with consideration of dynamic HARQ timing indication. 
Proposal 4: It can be considered in NR to configure same or smaller number than that of slots within the minimum HARQ RTT (determined based on the configured maximum HARQ delay) as the maximum HARQ process number, with consideration of dynamic UL/DL configuration.
Proposal 5: It can be reasonable in NR to set an upper limit of the number used for soft buffer dimensioning, with consideration of performance degradation.
Moreover, it is necessary to consider the HARQ procedure in case when the default HARQ timing defined for (initial) random access period is applied, in terms of the minimum HARQ RTT (and the maximum HARQ process number). Besides, it is also necessary to consider the HARQ procedure in case when a NR UE is configured to operate with multiple different TTI lengths (e.g. data retransmission across different TTI lengths) or with multiple use cases (e.g. eMBB and URLLC), in terms of the maximum HARQ process number (and the minimum soft buffer size per TB). Furthermore, it may also be needed to consider the case when a UE is configured with CBG based HARQ operation in terms of soft buffer management (e.g. re-dimensioning of buffer size per CB according to retransmission status and HARQ-ACK feedback per CBG. 
Proposal 6: It is necessary to consider the HARQ procedure in case when the default HARQ timing is applied and the HARQ procedure in case when a UE is configured to operate with multiple different TTI lengths (or with multiple use cases) or CBG based retransmission in NR.

3. Conclusion
In this contribution, we discussed on the minimum UE processing time, HARQ timing, the maximum HARQ process number, and soft buffer management for NR, and the followings are proposed: 
Proposal 1: SCS/BW, DMRS pattern, RE mapping, PDCCH duration, CSI reporting can be considered as the factors contributing to the minimum UE processing time (N1, N2). 

Proposal 2: NR UE is required to report its minimum processing time (N1, N2) to the gNB per each of the factors, and consequently, the UE can be configured with the set of HARQ timing candidates per each of the factors by gNB based the reported (N1, N2), with consideration of both HARQ latency reduction and HARQ timing flexibility. 

Proposal 3: It can be considered in NR to determine the minimum HARQ RTT (for the purpose of configuring the maximum HARQ process number to a UE) at least based on the configured maximum HARQ delay, with consideration of dynamic HARQ timing indication. 
Proposal 4: It can be considered in NR to configure same or smaller number than that of slots within the minimum HARQ RTT (determined based on the configured maximum HARQ delay) as the maximum HARQ process number, with consideration of dynamic UL/DL configuration.
Proposal 5: It can be reasonable in NR to set an upper limit of the number used for soft buffer dimensioning, with consideration of performance degradation.
Proposal 6: It is necessary to consider the HARQ procedure in case when the default HARQ timing is applied and the HARQ procedure in case when a UE is configured to operate with multiple different TTI lengths (or with multiple use cases) or CBG based retransmission in NR.
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