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1. Introduction

In RAN1#90bis meeting, following agreements were made on the HARQ process management for NR in terms of the minimum UE processing time and the transmit buffer rate matching [1].
	Agreements:

· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.

· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.

· Further determine (N1, N2) processing times for two UE capabilities in carrier aggregation, mixed numerology, higher order modulation cases, and for mini-slot scheduling. 

· For a given configuration and numerology, a UE indicates only one capability for N1 (or N2) based on the corresponding entry for N1 (or N2) from either Table 1 or Table 2.

· FFS: if multiple capabilities can be reported with different throughput constraints for N1 (or N2).

Table 1. UE Processing Time and HARQ Timing (Capability #1)

Configuration

HARQ Timing Parameter

Units

15 KHz SCS

30 KHz SCS

60 KHz SCS

120 KHz SCS

Front-loaded DMRS only
N1

Symbols

[8]
[10]
[14]
[14-21]
Front-loaded + additional DMRS
N1

Symbols

[13]
[13]
[17]
[21]
Frequency-first RE-mapping
N2

Symbols

[9]
[11]
[17]
[31]
Table 2. UE Processing Time and HARQ Timing (Capability #2)
Configuration

HARQ Timing Parameter

Units

15 KHz SCS

30 KHz SCS

Front-loaded DMRS only
N1

Symbols

[2.5-4]
[2.5-6]
Front-loaded + additional DMRS
N1

Symbols

[12]
[12]
Frequency-first RE-mapping
N2

Symbols

[2.5-6]
[2.5-6]
Agreements:

· For DL, limited buffer rate matching (LBRM) is supported and is applied per HARQ process.

· NR limits transmit buffer corresponding to a largest TBS coded at rate RLBRM.
· RLBRM =1/2 is supported. 

· Largest TBS for LBRM for DL should at least take into account UE capability

· Details FFS (e.g., based on UE signalling, gNB configuration w.r.t. highest mod order, etc.)

· Note: this does not prevent the possibility of defining a single largest TBS used for LBRM in Rel-15

Agreements:

· Dynamic sharing of soft buffer is possible for DL reception by UE implementation

· No spec impact
Agreements:

· For DL LBRM, RLBRM is changed from 1/2 to 2/3.
· For uplink, 
· Full buffer rate-matching is supported 

· Limited buffer rate-matching is also supported via RRC configuration and, when configured, is applied to all HARQ processes 

· NR limits UL transmit buffer corresponding to a largest UL TBS coded at rate RLBRM,UL 

· RLBRM, UL  = 2/3. 

· Details FFS 


In this contribution, we discuss and provide our views on soft buffer management for NR in terms of buffer dimensioning according to subcarrier spacing (SCS) or TTI length, and potential UE categorization in NR based on the combination of multiple factors related to the HARQ process. In addition, soft buffer management in case of NR-LTE dual connectivity (DC) is also discussed. 
2. Discussion

2.1. Soft buffer management for NR 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. NR UE categorization based on multiple factor combination
In the response LS [2] to RAN2 agreed in the previous RAN1 NR-AH#3 meeting, only the peak data rate which is instantaneously achievable for a given scheduling time instance (i.e., slot or TTI) is mentioned in terms of NR UE category. Considering potential NR UE implementations supporting various use cases and the corresponding requirements (e.g. in terms of latency), on top of the instantaneous peak date rate achievable by the front-end processing (such as modulation order, MIMO layers, and BW capability), the average peak data rate sustainable by the back-end processing (such as the supportable minimum processing time (or HARQ RTT) in terms of decoding/encoding and the total soft buffer size) should be taken into account for defining the NR UE category. 
In this sense, combination of multiple factors (X, Y, Z) may need to be considered for the categorization of NR UEs where X, Y, and Z means (instantaneous) 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
A. Peak data rate: higher than C1
i. Peak rate can be proportional to the UE maximum BW capability
B. Minimum HARQ RTT: same with C1 
C. Soft buffer size: same with C1 (less HARQ processes than C1)
5) C5 = (X’, Y’, Z) where X’ > X, Y’ < Y
A. Peak data rate: higher than C1
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 (e.g. C1 and C2 in the above) supporting same (instantaneous) peak rate but supporting different minimum RTT and buffer size, (2) two UEs (e.g. C1 and C3 in the above) supporting same peak rate and buffer size but supporting different minimum RTT, (3) two UEs (e.g. C1 and C4 in the above) supporting same minimum RTT and buffer size but supporting different peak rate, (4) two UEs (e.g. C1 and C5 in the above) supporting same buffer size but supporting different peak rate and minimum RTT. The value for each of (X, Y, Z) can be chosen according to UE implementation with consideration of the latency requirement and/or the decoding performance. 
Furthermore, it may be needed to consider in the categorization of the NR UEs on whether to define the UEs implementing different combination of (instantaneous peak rate, minimum RTT, buffer size) but supporting same average peak data rate as a same UE category. For example, it may be needed to consider whether to define C1 and C2 having different (minimum RTT, buffer size) but supporting same average peak data rate as a same UE category, or whether to define C1 and C4 having different instantaneous peak rate but supporting same average peak data rate as a same UE category. 
Proposal 2: Combination of multiple factors (peak data rate, minimum HARQ RTT, soft buffer size) needs to be considered for the categorization of NR UEs. 
2.3. Soft buffer management for NR-LTE DC
In LTE, soft buffer between two carrier groups are shared based on the number of carriers configured to the UE. In NR-LTE dual connectivity, due to several aspects, some further considerations on soft buffer management seem necessary. Firstly, NR-LTE dual connectivity, a UE supports two different RATs, and depending on UE implementation/capabilities, it may be easily possible to share soft buffer or may not be easily possible to share soft buffer dynamically. Secondly, between eNB and gNB, each network may not know the number of carriers/bandwidths configured to each UE in different CG. Thirdly, the required optimal soft buffer size can be different in NR compared to LTE as the bandwidths and numerologies supported by NR are more flexible than LTE. Also, with bandwidth adaptation feature in NR, the required soft buffer size can be varying in NR. 
In terms of soft buffer management between LTE and NR dual connectivity, we can consider the following approaches. 
(1) Hard-split: first approach is that a UE can define soft buffer size per RAT respectively. This approach would not allow to share the soft buffer between two RATs. When a UE reports its category, it can report soft buffer size for each RAT. As LTE and NR use different coding for data, it is likely that the UE reports maximum supported TBS per each RAT. When it reports the maximum TBS separately, soft buffer size necessary for each TBS can be also independently dimensioned. This approach would allow independent RAT implementation at UE side, however, can be very inefficient when the network wants to flexibly configure carriers with different RATs. Particularly, if soft buffer is smaller than three times of maximum supported TBS in each RAT, depending on the number of configured carriers, it would be more desirable to allow soft buffer sharing between two RATs. 
(2) Semi-static split: another approach is to semi-statically partition soft buffer size to LTE and NR carrier groups. This can be done when secondary CG is configured. With semi-statically configured soft buffer in each RAT, soft buffer partition across the number of configured/activated carriers can be done in each RAT respectively. This approach is beneficial when each NB may not know the number of configured carriers in the other CG, or NR changes numerology, bandwidth, TTI lengths dynamically such that soft buffer handling in NR can be dynamically changed. Particularly, if LTE eNB does not know the number of carriers activated in NR or the total bandwidth allocated in NR, it becomes hard to share soft buffer dynamically between two CGs. In such cases, it is more desirable to allow semi-static partitioning at SCG configuration (which can be reconfigured if necessary). When it is semi-statically partitioned, to avoid any changes in LTE side, it can be considered that soft buffer size for LTE is one of the values from existing LTE UE category’s soft buffer size. When ratio is used to partition soft buffer between two RATs, the closest soft buffer size to one of LTE UE category’s soft buffer size can be assumed for LTE side. The remaining soft buffer size can be used for NR side. 
(3) Dynamic sharing: Semi-static partitioning may not be so efficient when the number of configured carriers in two RATs is somewhat dynamically changing or situation may be changed. Particularly, when eNB and gNB are collocated, it is considerable to allow dynamic sharing between two RATs. In this case, however, some soft buffer dimensioning in NR side needs to be taken in to account for soft buffer size determination for each carrier. Considering potentially different soft buffer handling in NR compared to LTE, it is still desirable to partition soft buffer between two CGs, and then divide the allocated soft buffer to each carrier per RAT. In this sense, when dynamic sharing is used, this could mean that soft buffer size for LTE can be changed whenever LTE carrier is configured/activated, and the remaining soft buffer can be allocated to NR. Alternatively, each carrier in NR may have different weight than 1 and the weight for LTE is 1, and then total soft buffer can be divided by total weight. For example, if NR carrier uses 15 kHz with 2msec HARQ RTT for 80 MHz, the weight can be 1, and NR carrier uses 15 kHz with 2msec HARQ RTT for 20 MHz, the weight can be 0.25. Whenever a UE is activated/configured with a carrier, depending on the weight, the soft buffer per each carrier can be defined. Another approach is to assume ‘fixed’ soft buffer size per each LTE carrier which can be higher layer configured, and multiple of the configured number of LTE carriers and fixed soft buffer size per each LTE carrier can be allocated to LTE depending on the number of configured LTE carriers where the remaining can be used for NR. When this approach is used, the total soft buffer size would be one of the supported soft buffer size in LTE to minimize specification changes in LTE side. Thus, the value assigned to each carrier or the total value should be consistent with LTE UE category soft buffer sizes. 

Proposal 3: Semi-static partitioning of soft buffer is to be considered for the support of NR-LTE DC considering the efficiency and simplicity, where reconfiguration may occur whenever additional CC is configured/activated for the UE. 
3. Conclusion
In this contribution, we discussed on soft buffer management for NR according to SCS or TTI length, NR UE categorization based on multiple factor combination, and soft buffer management for the NR-LTE DC case, 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) needs to be considered for the categorization of NR UEs. 
Proposal 3: Semi-static partitioning of soft buffer is to be considered for the support of NR-LTE DC considering the efficiency and simplicity, where reconfiguration may occur whenever additional CC is configured/activated for the UE. 
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