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1 Introduction

At the meeting RAN1#86bis [1], it was agreed that 
Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

In this contribution, we investigate the indication and possible data mapping for slot aggregation.
2 Discussion
2.1 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, e.g., by dynamic signaling or by semi-static signaling. Considering the following reasons, we propose that at least dynamic signaling should be supported.
· Dynamic TDD. In RAN1#87 meeting [2], it is agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. Semi-static signaling of the number of scheduled slots would restrict the flexibility of dynamic TDD.

· Flexible resource allocation. For FDM based multiplexing, coexistence region would allow simultaneous scheduling of eMBB and URLLC traffic. For example, the coexistence region occupies a sub-band with 60 kHz SCS. URLLC scheduling interval is 1 slot while eMBB is 4 slots. As shown in Figure 1, if UE 2, which could be a URLLC service, just needs 1 slot, then the remaining 3 slots can be allocated to UE 1. On the other hand, it allows the gNB MAC scheduler can instantaneously adapt the scheduled slots to the gNB MAC buffer status, i.e., the TTI duration can be matched to the packet size of the data transmission. 
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Figure 1. Flexible TDM of UEs
· Flexible HARQ. From Appendix, we can observe that comparing to scheduling with fixed slot number for each (re-)transmission, scheduling with variable slot number for each (re-)transmission of a TB can achieve up to 2 dB link performance gain (or up to 20% link throughput gain). Besides, it is also beneficial for URLLC to adapt the transmission duration [3].
Proposal 1: When slot aggregation is used, the number of scheduled slots can be at least indicated in DCI
2.2 Scheduling schemes
For slot aggregation, there are following straightforward scheduling options.
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Figure 2. Possible scheduling options for slot aggregation
Option 1: 1 TB and N slots
· Only one TB is mapped across the scheduled slots as shown in Figure 2 (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 2 (b).

· Each scheduled TB, associating 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.
Option 1 and option 2 are compared as follows:
Pros of option 1 (Cons of option 2):

· 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 16bits RLC header for AM mode, 8bits MAC header and 24 bits 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.
· Coding gain. With Polar/LDPC/Turbo codes, it is well-known that the link performance improves with the information size. Thus, option 1 has better link performance due to larger TBS.
· 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 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 dynamical indication of scheduled slots, it can achieve up to 2 dB link performance gain (or up to 20% link throughput and spectrum efficiency gain) for given UE as shown in Figure 3.
· Beneficial for URLLC. If N slots are allocated for URLLC, mapping one TB across the scheduled slots means multiple transmission chances. It is beneficial from the perspective of reliability under latency requirement. It should be mentioned that the TBS is dependent on the number of scheduled slots for URLLC case.
Cons of option 1 (Pros of option 2):
· 
Higher 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 duration (e.g., 15 kHz sub-carrier and 14-symbol slot) and option 1 is more appropriate for short slot duration (e.g., 30 kHz or 60 kHz sub-carrier or 7-symbol slot).
· Scheduling flexibility. Option 2 has more scheduling flexibility at the cost of overhead because each TB has its own TB-specific control information (e.g., NDI) and HARQ-ACK feedback.
From Figure 3, it is observed that both options have similar link performance except that option 2 has higher feedback cost and larger DCI payload. 
Proposal 2: 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
3 Conclusions
According to the above discussions, we have the following proposals:

Proposal 1: When slot aggregation is used, the number of scheduled slots can be at least indicated in DCI.
Proposal 2: 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
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Appendix – 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 3, 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%, 40%  or 50%  for scheme 3)
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Figure 3. Throughput Performance 
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(b) N slot aggregation (option 2)





(a) N slot aggregation (option 1)
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