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1 Introduction

There were several agreements on HARQ timing in previous meeting. In RAN1 #86bis meeting [1], companies agreed that K1 and K2 can be dynamically indicated to a UE by the L1 DL signaling or semi-statically indicated to a UE via higher layer, or a combination of indication by higher layers and dynamic L1 signaling. The minimum of K1 and/or K2 for all UE is FFS.
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between UL assignment and corresponding UL data transmission

· FFS: common channels (e.g. random access)

· For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)
In RAN1 #Ad Hoc 2017-1[2], companies agreed that K1 and K2 can be selected from a set of values. From the UE side, the minimum value of K1 and K2 as UE capabilities should be reported to the gNB.

· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 

· The set of values is configured by higher layer

· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values

· The set of values is configured by higher layer

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values

· The set of values is configured by higher layer

· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing

· NR UE supports a set of minimum HARQ processing time

· FFS: set size

· NR supports different minimum HARQ processing time at least for across UEs

· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding 
UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB

· FFS how the capability is indicated by UE

· e.g. reported processing time granularity

· e.g. dependency of DMRS pattern configuration

· FFS definition of minimum HARQ processing time

In RAN1 #88bis [3], the discussion on the values of K1 and K2 was triggered by the discussion on the maximum number of HARQ processes. It is a common understanding that HARQ timing parameters will impact the value of the maximum number of HARQ processes. 

In addition to the agreed K1 and K2 definition, we further give the definitions of K3 and K4 as following:
· For slot-based scheduling, 

· UL ACK/NACK reception in slot N and corresponding retransmission  of data (PDSCH) on DL in slot N+K3
· UL data reception in slot N and corresponding acknowledgment in slot N+K4
In this contribution, we show the DL/UL HARQ processing timeline. Although the processing is faster in NR than in LTE, the amount of data to be treated in NR is much larger than in LTE. So we propose to use the timeline in LTE as the starting point of NR. That may cause the UE buffer size increase such that a tradeoff is needed considering UE complexity/cost. 

2 Discussion 
2.1 UE processing time for DL data reception
UE processing time for a PDSCH includes the following time durations as shown in Figure 1.

[image: image1.wmf]1

T

 is the PDCCH transmission time, which is equal to the number of PDCCH CORESETs in time domain. If the PDCCH is located at the front of DL transmission, then 
[image: image2.wmf]1

T

 is about one or two symbols. If the EPDCCH-like structure is used, 
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 can be one slot. 
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T

 is the processing time for PDCCH, which includes PDCCH demodulation, PDCCH blind decoding and DCI content identification.
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 is the processing time for PDSCH reception. Although the FFT calculation can be triggered at the beginning of PDSCH, the demodulation can start once the DCI contents are identified. It is at least the PDSCH transmission time plus one symbol if we assume the UE processing time is scaled with the symbol length. 
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T

 is the decoding time on PDSCH. PDSCH decoding may start after all the PDSCH resource elements have been demodulated. Although we can assume the processing time of NR UE is faster than LTE, the amount of data for decoding is much more than that of LTE. 
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T

 is the time to generate UL ACK/NACK feedback.
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T

 is the waiting time for UL ACK/NACK transmission. It is based on timing advance and frame structure. It can be more than several slots depending on the frame structure. 
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T

 is the transmission time of ACK/NACK in physical layer. It can smaller to one symbol or larger to one slot depending on which kind of PUCCH is used.

[image: image10.wmf]d

T

is the transmission delay from the UE antenna port to the gNB baseband unit (BBU) and vice verse.
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Figure 1. UE processing timeline for DL data reception
It is difficult to define the minimum value of K1 without considering the maximum TB size, the SCS, the TTI length, and slot type. For example, with same processing time for a PDSCH, K1=2 for short PUCCH slot type and K1=3 for long PUCCH slot type. 
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Figure 2. Examples of DL HARQ timeline for different PUCCH types
Observation 1: The minimum value of K1 depends on at least the maximum DL TB size, TTI length, SCS and slot type.

Of all the above mentioned processing time, some of time can be thought as scaled with TTI length, while some are independent on TTI length. For example, the time for DCI contents identification does not vary with TTI length. So we can assume the K1=4 for SCS 15kHz as the starting point for other related analysis. The rationale behind this assumption is that although the processing time of NR UE may be decreased, the amount of data to be treated is increased. Large K1 may cause the total UE soft channel bits increases. However, pain on fast processing should also be considered as one of important factors on UE complexity/cost.
Proposal 1: K1=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
2.2 UE processing time for UL data transmission
For the UE side, UE processing time for a PUSCH transmission includes the following time durations as shown in Figure 3. 
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 and 
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 are the same as DL data reception. 
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T

 is time to generate UL PUSCH. The process of generating UL PUSCH involves some layer 2 processing, which is typically more than the time on generating the UL ACK/NACK.
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T

 is the waiting time for UL PUSCH transmission. It is based on timing advance and frame structure. It can be more than several slots depending on the frame structure. 
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T

 is the transmission time of PUSCH in physical layer. It can be as small as one symbol or at least one slot depending on slot type.
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Figure 3 UL data transmission processing timeline
We can get the similar observation as in section 2.1.
Observation 2: The minimum value of K2 depends on at least the maximum UL TB size, TTI length, SCS, and slot type.

With the similar reason as in section 2.1, we can assume the K2=4 for SCS 15kHz as the starting point in NR.
Proposal 2: K2=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
2.3 gNB processing time for UL ACK/NACK reception

The gNB processing timeline for UL ACK/NACK reception is shown as following. 
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Figure 4. UL ACK/NACK recception and retransmission scheduling timeline at gNB

With the similar reasoning as in section 2.1, we can assume the K3=4 for SCS 15kHz as the starting point in NR.

Proposal 3: K3=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
2.4 gNB processing time for UL data reception
The gNB processing timeline for UL data reception is shown as following.
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Figure 5. UL data reception and retransmission scheduling timeline at gNB

With the similar reason as in section 2.1, we can assume the K3=4 for SCS 15kHz as the starting point in NR.

Proposal 4: K4=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
3 Conclusions
In this contribution, we show the DL/UL HARQ processing timeline. We find the values of HARQ timing parameters in NR is more complex in NR considering the diverse numerologies, slot type, TB size in NR.

Observation 1: The minimum value of K1 depends on at least the maximum DL TB size, TTI length, SCS and slot type.

Observation 2: The minimum value of K2 depends on at least the maximum UL TB size, TTI length, SCS, and slot type.

Although the processing is faster in NR than in LTE, the amount of data to be treated in NR is much larger than in LTE. So we propose to use the timeline in LTE as the starting point of NR. 

Proposal 1: K1=4 for SCS 15kHz  slot-based scheduling as the starting point in NR.
Proposal 2: K2=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
Proposal 3: K3=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
Proposal 4: K4=4 for SCS 15kHz slot-based scheduling as the starting point in NR.
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