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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the meeting RAN1#86bis [1], it was agreed that 
Agreements:
· [bookmark: OLE_LINK10]Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

Besides, at last meeting [2], it was agreed that
Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown
In this contribution, we investigate TB mapping and TB size determination. 
[bookmark: _Ref129681832]TB mapping
Indication of slot aggregation
During frame structure discussion, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots. Comparing to no slot aggregation where single DCI schedules one slot, single grant scheduling multiple slots can reduce control overhead. 
One remaining question about slot aggregation is how to indicate the number of scheduled slots or duration of a data transmission, e.g., by dynamic signaling or by semi-static signaling. Based on the detailed discussions in our companion contribution [3], dynamic signaling of slot aggregation is preferred.
Data mapping
For slot aggregation, there are following straightforward data mapping options.
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Figure 1. Possible data mapping options for slot aggregation
Option 1: 1 TB and N slots
· Only one TB is mapped across the scheduled slots as shown in Figure 1 (a). The TBS can be in proportion to the number of scheduled slots.
· The scheduled TB corresponds to one HARQ process, thus single control information and HARQ-ACK feedback is needed.
· LTE DCI can be reused directly. No much specification impact will be introduced.
Option 2: N TBs and N slots
· Each TB is mapped on one slot as shown in Figure 1 (b).
· Each scheduled TB, associated with one HARQ process, has its own control information and HARQ-ACK feedback.
· LTE eLAA DCI can be adopted as a baseline. Except for TB-specific field (e.g., NDI, RV), common field (e.g., resource allocation, MCS, HARQ process ID) can be introduced to reduce DCI payload.
Comparing to option 2, option 1 has the following characteristics:
· Smaller DCI payload or less DCI formats. Option 1 just needs single control information. However, the DCI payload of option 2 depends on the TB-specific field. Only if TB-specific field exists, then option 2 has larger DCI payload than option 1. Besides, the DCI format scheduling 1 TB and 1 slot (which is baseline for NR) can be reused for option 1. For option 2, new DCI format should be introduced considering TB-specific field.
· Lower HARQ-ACK feedback cost. Option 1 needs single HARQ-ACK feedback and option 2 requires N HARQ-ACK feedbacks.
· Lower RLC/MAC/CRC overhead. Each scheduled TB has MAC/RLC header and CRC. Assuming 16-bit RLC header for AM mode, 8-bit MAC header and 24-bit CRC length, the RLC/MAC/CRC overhead of option 1 and option 2 are 48 bits and 48N bits respectively. If the TBS on each slot is 936 (under MCS=10 and 6 PRBs in current LTE TBS table), the overhead of option 2 is 5%. However, the overhead can be reduced N times with option 1.
· Uplink enhanced coverage. For PUSCH in cell edge or enhanced coverage, the number of allocated PRB(s) may be limited to achieve PSD boosting gain. One TB spanning across multiple slots would be beneficial, especially for 60 kHz sub-carrier and 7-symbol slot (i.e., 0.125 ms).
· Less HARQ processes needed for consecutive transmission. Given processing delay, option 1 (longer TTI) needs less HARQ processes to keep consecutive transmission. For example, if minimum delay between data reception and HARQ-ACK transmission is 1 slot, then option 1 needs 2 HARQ processes. However, option 2 requires 2N or N+1 HARQ processes, which depends on whether aggregated feedback is used.
· Enabler for flexible HARQ. Combined with dynamic indication of scheduled slots, it can achieve up to 20% link throughput gain (or 2 dB link performance gain) for given UE and up to 17% system throughput gain as shown in Figure 2~3.
Besides, the following factors also should be considered.
· 	One-way latency. For 15 kHz sub-carrier and 14-symbol slot (i.e., 1 ms), one TB spanning across multiple slots is hard to meet the 4 ms one-way latency requirement of eMBB. Thus, option 2 is more appropriate for long slot (e.g., 15 kHz sub-carrier and 14-symbol slot) and option 1 is more appropriate for short slot (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot).
· Maximum TBS system supported. For 15 kHz sub-carrier and 14-symbol slot, one TB spanning across multiple slots would introduce bigger maximum TBS than one TB spanning over 1 slot. However, bigger maximum TBS system supported is not necessary for option 1 with short slot (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot). Given system bandwidth, the available RE number of 1 slot with 15 kHz sub-carrier is the same as that of 4 slots with 60 kHz sub-carrier. Thus, from the perspective of maximum TBS system supported, option 2 is more appropriate for long slot (e.g., 15 kHz sub-carrier and 14-symbol slot) and option 1 is more appropriate for short slot (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot).
Based on the above analysis, single scheduled TB mapped across multiple slots should be supported at least for short slot (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot). In order to avoid too large latency and additional standard TBS set, some restrictions can be considered. For example, for 15 kHz sub-carrier and 14-symbol slot, one TB spanning across multiple slots whose TBS is in proportion to the number of scheduled slots is not supported.  When single TB is mapped across multiple short slots (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot) and the TBS is in proportion to the number of scheduled slots, the number of slots carrying the TB is limited to a specified small value, e.g., 4.
Observation 1: Comparing to one TB mapped on one slot, single scheduled TB mapped across multiple slots has smaller DCI payload and HARQ-ACK feedback cost.
Observation 2: Single scheduled TB mapped across multiple short slots (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot) would not introduce additional standard TBS set.
[bookmark: OLE_LINK160][bookmark: OLE_LINK161]Proposal 1: NR supports at least single scheduled TB mapped across multiple slots
· The option that N simultaneously scheduled TBs can be mapped across multiple slots, where each TB is mapped on one slot can also be considered if clear benefits are identified. (e.g., the case of 15 kHz sub-carrier and 14-symbol slot).
TBS determination
Deficiency of LTE TBS determination for NR
In LTE, TBS is determined by the TBS index, the total number of allocated PRB and TBS table, where the TBS index is obtained by the MCS value according to DCI. However, in order to fit different transmission cases, such as slot-based scheduling, mini-slot based scheduling, eMBB data transmission, URLLC data transmission, the data scheduling in NR is much more flexible compared to LTE. For example, there are flexible data starting and finishing positions as well as dynamic number of symbols per slot in time domain. For slot aggregation transmission, the number of slots is different. Furthermore, the existence of different high configurable reference signals such as DMRS, CSI-RS and PTRS contributes to various amount of available REs per symbol or per slot. In terms of frequency domain, there are different amount of available REs in different RBs, as the RE number of CSI-RS and PTRS per RB may be different.
Therefore, due to the assumption of fixed data duration, the traditional TB size determination methods based on the total number of allocated PRB and the MCS value according to DCI would not fulfil various NR transmission cases optimally. Consequently, it’s necessary to investigate a flexible and effective TBS determination scheme to satisfy various NR data scheduling cases.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]TBS determination for NR
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83]According to the actual demands, the package size for different traffic types may be different. In other words, the package size is determined based on the traffic types. Furthermore, the design of TBS should align with the package size. And an example of TBS size for the EVS codec is provided as the table 3 in the appendix C. In order to guarantee a proper and reliable TBS, the TBS determination should consider the characteristic of the traffic types. Due to the frequent and wide application of the voice service like VoIP, EVS, the TBS determination should consider the special traffic types like the VoIP, EVS, etc.  
[bookmark: OLE_LINK22][bookmark: OLE_LINK21]Proposal 2: TBS determination should consider the special traffic type like the VoIP, EVS, etc.
[bookmark: OLE_LINK20]As mentioned before, there are many values of available REs number per symbol/slot according to different high configurable reference signals. The available REs number is changed dynamically based on the data scheduling and RS transmission. According to the formula and available REs to calculate the TBS, the calculated values of TBS are various. The various values may affect the data packet segment and the complexity. Besides, some values of TBS perform much less than satisfaction for high code rates on the basis of simulation results. Therefore, the complexity and performance should be considered. Furthermore, the same TBS for initial transmission and retransmission should be adopted while the number of available REs allocated for initial transmission and retransmission may be different. In order to guarantee the same TBS for initial transmission and retransmission and limit TBS to appropriate values, one possible method is that the number of available REs could be quantified for different number of REs within a certain range corresponding to the same TBS. For example, when the range equals to 4, if the number of available REs is 120 or 121 or122 or 123, the same TBS value will be used to transmit data. 
Proposal 3: The number of available REs should be quantified for different number of available REs within a certain range corresponding to the same TBS.
[bookmark: _GoBack]In terms of the special traffic type like the VoIP, EVS, the value of TBS and the package size should consider the characteristic of the traffic type. Based on the data scheduling and RS transmission, the available REs number changes dynamically and flexibly. The TBS calculated by the formula changes according to the various available REs number, which contributes to numerous TBS values. Due to the over flexibility of the formula, the TBS calculated by the formula for the special traffic type would be not aligned with the proper package size. For example, the typical MAC packet sizes are certain values, such as 60Bytes, 80Bytes, 120Bytes, etc. And an example of TBS size for the EVS codec is provided as the table 3 in the appendix C. In order to match the TBS requirements of specific traffic, in addition to the TBS formula a look-up table for TBS determination should be support.
In order to balance the number and reliability of TBS, the TBS table and TBS formula should both be supported for TBS determination.
[bookmark: OLE_LINK45][bookmark: OLE_LINK38][bookmark: OLE_LINK5][bookmark: OLE_LINK4]Proposal 4: TBS table and TBS formula should be supported for TBS determination.
MCS determination for NR
[bookmark: OLE_LINK27][bookmark: OLE_LINK23]For MCS table design, the following principles should be considered. Firstly, in order to support adaptive retransmission, reserved entries for modulation order signaling should be considered. Then, considering the performance and requirement of different traffic types and UE’s capability, the highest code rate should be determined. Furthermore, the design of MCS values should be considered combining the CQI value, e.g. the CQI value should be taken as the starting point for design. Besides, the existence of overlapping spectral efficiency of different modulations deserves further study. Additionally, it should be considered whether the MCS entries should be chosen as equally spaced between adjacent spectral efficiencies.
In terms of various traffic types, such as eMBB and URLLC, different TBS determination methods should be studied for different transmission cases. For example, for URLLC and small package, the values of TBS can be smaller with little granularity and lower code rates. For eMBB and big package, the values of TBS may be bigger with large interval and higher code rates. Consideration of different traffic types with different target code rates, multiple MCS tables can be designed.
[bookmark: OLE_LINK34][bookmark: OLE_LINK33][bookmark: OLE_LINK71]Proposal 5: Multiple MCS tables can be considered for different traffic types.
Conclusions
According to the above discussions, we have the following observations and proposals:
Observation 1: Comparing to one TB mapped on one slot, single scheduled TB mapped across multiple slots has smaller DCI payload and HARQ-ACK feedback cost.
Observation 2: Single scheduled TB mapped across multiple short slots (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot) would not introduce additional standard TBS set.
Proposal 1: NR supports at least single scheduled TB mapped across multiple slots
1. The option that N simultaneously scheduled TBs can be mapped across multiple slots, where each TB is mapped on one slot can also be considered if clear benefits are identified. (e.g., the case of 15 kHz sub-carrier and 14-symbol slot).
Proposal 2: TBS determination should consider the special traffic type like the VoIP, EVS, etc.
[bookmark: OLE_LINK11]Proposal 3: The number of available REs should be quantified for different number of available REs within a certain range corresponding to the same TBS.
Proposal 4: TBS table and TBS formula should be supported for TBS determination.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: OLE_LINK55][bookmark: OLE_LINK67]Proposal 5: Multiple MCS tables can be considered for different traffic types.
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Appendix A – Link level simulation
In this section, we compare the throughput of following scheduling schemes:
· Option 1: The number of scheduled slot for a TB is fixed as 4. (Option 1 in section 2.2)
· Option 2: The number of scheduled slot for a TB is fixed as 1. (Option 2 in section 2.2)
· Flexible HARQ: The number of scheduled slot for each (re-)transmission is variable, i.e., scheduling multiple (e.g., 2, 3 or 4) slots to a TB for initial transmission and 1 slot for retransmission. (Option 1 in section 2.2 and dynamical indication of aggregated slots.)
The simulation setting and results can be found in Table 1 and Figure 2, respectively.
Table.1. LLS Evaluation parameters
	Parameters
	Values or assumptions

	System Bandwidth 
	40 MHz 

	Waveform 
	OFDM

	Sub-carrier space
	30 kHz

	The number of symbol per slot
	7

	Channel coding
	LTE Turbo code

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	2 Rx 

	Channel Model 
	TDL-C with DS{300}ns in TR38.900

	Doppler 
	100 Hz 

	Used RB Number 
	24

	Channel Estimation/CQI Measurement 
	Ideal

	Maximum transmission times 
	4

	AMC 
	Outer-loop 
(Initial BLER is 10% for scheme 1 and 2, 10%, 20%, 30%  or 40%  for scheme 3)
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Figure 2. Throughput Performance

Appendix B – System level simulation
In this section, we compare the throughput of following scheduling schemes:
· Option 1: The number of scheduled slot for a TB is fixed as 2.
· Flexible HARQ: The number of scheduled slot for each (re-)transmission is variable, i.e., scheduling 2 slots to a TB for initial transmission and 1 slot for retransmission. 
The simulation setting and results can be found in Table 2 and Figure 3, respectively.
Table.2. SLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Inter-BS distance
	500m

	Cell Number
	21

	Carrier frequency
	2GHz

	System Bandwidth 
	10 MHz 

	Waveform 
	OFDM

	Sub-carrier space
	15 kHz

	The number of symbol per slot
	7

	Channel coding
	LTE Turbo code

	BS antenna configuration 
	4Tx ,4Rx

	UE antenna configuration 
	4 Rx ,1Tx

	Channel Model 
	SCME

	UE speed 
	3km/h 

	Traffic model
	FTP

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	CQI Measurement
	Measurement Period = 10 slots
Feedback delay = 4 slots

	Maximum transmission times 
	4
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(b) Uplink
Figure 3. Cell Average Throughput Performance


Appendix C – Example: TBS for EVS codec
An example for the TBS table for EVS codec in LTE is as following:
Table.3. Bit-rates and TBS for EVS codec
	Source codec bit-rate (kbit/s)
	SDU
	Header
	MAC PDU (ROHC)
	MAC PDU (Non ROHC)

	2.4 (SID in DTX operation)
	48
	56
	120
	416

	5.9 With instantaneous rates of 2.8, 7.2, 8.0
	56, 144, 160
	64,152,168
	128, 216, 232
	424, 512, 528

	7.2
	144
	152
	216
	512

	9.6
	192
	200
	264
	560

	13.2
	264
	272
	336
	632

	…
	….
	…
	…
	…
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