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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 soft buffer management in terms of buffer dimensioning according to subcarrier spacing (SCS) or TTI length, and potential UE categorization based on the combination of multiple factors related to HARQ process. 
2. Discussion

2.1. Soft buffer management according to SCS or TTI length
In NR system environment, unlike the current LTE, various factors should be taken into account in operation, from the perspective of both UE implementation and system parameters. For example, OFDM numerology in terms of sub-carrier (SC) spacing and the corresponding slot (TTI) length per NR carrier, the maximum BW capability (and the corresponding maximum TBS), the minimum HARQ processing time (and the corresponding supportable minimum HARQ RTT), the peak data rate (and the corresponding total soft buffer size), could be different between NR UEs. For this reason, from the perspective of UE implementation and data performance, it may be necessary to consider potential combination of HARQ parameters according to variation of TTI length and HARQ RTT.
For the purpose of observation on UE implementation and data performance, a reference HARQ parameter set can be considered as the followings. 

· SC spacing: K [kHz]

· TTI length: L [ms]

· Maximum (aggregated) BW: B [MHz] (= M [RBs])

· Maximum TBS (over maximum BW): A [bits]

· Minimum HARQ RTT: Y [ms]

· Reference HARQ process number: Z (= Y/L)

· Total soft buffer size: X [bits]
With the above parameters, soft buffer dimensioning in terms of determining the minimum buffer size per TB (assuming single TB per PDSCH) can be done as the following.
· Minimum buffer size per TB: X/Z [bits]

In this case, Z can be considered as the maximum value usable for soft buffer dimensioning (denoted as “maximum dimensioning value”). For example, actual value used for buffer dimensioning can be determined as the minimum between the maximum dimensioning value and the configured HARQ process number. 

Based on the above reference for a UE, potential HARQ parameter set in case configured/operated with shorter TTI length (than the above reference case) for the same UE can be considered as the followings. 
· SC spacing: 2K [kHz]

· TTI length: L/2 [ms]

· Maximum BW: B [MHz] = M/2 [RBs]

· Maximum TBS: A/2 [bits]

[HARQ parameter set #1] – keeping the minimum HARQ RTT

· Minimum HARQ RTT: Y [ms]

· Reference HARQ process number: 2Z (= Y/(L/2))

· Minimum buffer size per TB (maximum TBS = A/2): X/(2Z) [bits]
[HARQ parameter set #2] – reducing the minimum HARQ RTT

· Minimum HARQ RTT: Y’ [ms] (Y/2 ≤ Y’ < Y)

· Reference HARQ process number: Z’ (Z ≤ Z’ < 2Z)

· Minimum buffer size per TB (maximum TBS = A/2): X/Z’ [bits] (X/Z’ > X/(2Z))

In case of HARQ parameter set #1, data decoding performance and data processing speed can be similar with the above reference case of SC spacing = K, and the maximum dimensioning value can be considered as 2Z in this case. In case of HARQ parameter set #2, better coding gain and more latency reduction can be achieved while higher processing speed would be required compared to the above reference case, and the maximum dimensioning value can be considered as 2Z also in this case. 
On the other hand, potential HARQ parameter set in case configured/operated with longer TTI length (than the above reference case) for the same UE can be considered as the followings. 

· SC spacing: K/2 [kHz]

· TTI length: 2L [ms]

· Maximum BW: B [MHz] = 2M [RBs]

· Maximum TBS: 2A [bits]

[HARQ parameter set #1] – keeping the minimum HARQ RTT

· Minimum HARQ RTT: Y [ms]

· Reference HARQ process number: Z/2 (= Y/(2L))

· Minimum buffer size per TB (maximum TBS = 2A): X/(Z/2) [bits]
[HARQ parameter set #2] – increasing the minimum HARQ RTT

· Minimum HARQ RTT: Y’ [ms] (Y < Y’ ≤ 2Y)

· Reference HARQ process number: Z’ (Z/2 < Z’ ≤ Z)

· Minimum buffer size per TB (maximum TBS = 2A): X/Z’ [bits] (X/Z’ < X/(Z/2))

In case of HARQ parameter set #1, data decoding performance and data processing speed can be similar with the above reference, and the maximum dimensioning value can be considered as Z/2 in this case. In case of HARQ parameter set #2, data processing speed can be relaxed (slower) while data decoding performance and latency reduction would be worse compared to the above reference, and the maximum dimensioning value can be considered as Z/2 also in this case. 

Based on the observations so far, it may be necessary for HARQ process in NR to consider potential trade-off relationship among data decoding performance, latency reduction, and data processing complexity in NR UE implementation, which would at least be dependent upon supportable minimum HARQ RTT (based on the minimum UE processing time) and NR system deployments/parameters.
Proposal 1: It is necessary to consider potential trade-off relationship among decoding performance, latency reduction, and processing complexity in the NR UE implementation, which would at least be dependent upon supportable minimum HARQ RTT and NR system deployments/parameters. 
2.2. UE categorization based on multiple factor combination
Based on the above observations, combination of multiple factors (X, Y, Z) can be considered for the categorization of NR UEs where X, Y, and Z means peak data rate, the minimum HARQ RTT, and soft buffer size, respectively. With this approach, following NR UE category Ci (i = 1, 2, …) can potentially be considered as the first step. 
1) C1 = (X, Y, Z)
2) C2 = (X, Y’, Z’) where Y’ < Y, Z’ < Z
A. Peak data rate: same with C1
B. Minimum HARQ RTT: smaller than C1 
i. Lower latency can be achieved compared to C1
C. Soft buffer size: smaller than C1 (less HARQ processes than C1)
i. Buffer size can be proportional to the minimum HARQ RTT (e.g. Y’/Y = Z’/Z)
3) C3 = (X, Y’, Z) where Y’ < Y
A. Peak data rate: same with C1
B. Minimum HARQ RTT: smaller than C1 
i. Lower latency can be achieved compared to C1
C. Soft buffer size: same with C1 (same HARQ processes with C1)
4) C4 = (X’, Y’, Z) where X’ > X, Y’ < Y
A. Peak data rate: higher than C1
i. Peak rate can be proportional to the UE maximum BW capability
B. Minimum HARQ RTT: smaller than C1 
i. Lower latency can be achieved compared to C1
ii. The HARQ RTT can be inversely-proportional to peak rate (e.g. X·Y = X’·Y’)
C. Soft buffer size: same with C1 (less HARQ processes than C1)
With the above potential combinations, various UE categories can be considered: (1) two UEs supporting same peak rate but supporting different HARQ RTT and buffer size, (2) two UEs supporting same peak rate and buffer size but supporting different HARQ RTT, (3) two UEs supporting same buffer size but supporting different peak rate and HARQ RTT. The value for each of (X, Y, Z) can be chosen according to UE implementation with consideration of latency reduction and/or decoding performance. 
Proposal 2: Combination of multiple factors (peak data rate, minimum HARQ RTT, soft buffer size) can be considered for the categorization of NR UEs. 
3. Conclusion
In this contribution, we discussed on soft buffer management according to SCS or TTI length and UE categorization based on multiple factor combination for NR, and the followings are proposed: 
Proposal 1: It is necessary to consider potential trade-off relationship among decoding performance, latency reduction, and processing complexity in the NR UE implementation, which would at least be dependent upon supportable minimum HARQ RTT and NR system deployments/parameters. 

Proposal 2: Combination of multiple factors (peak data rate, minimum HARQ RTT, soft buffer size) can be considered for the categorization of NR UEs. 
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