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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#95, agreements were made:
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs
· For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1
· For unicast, relationship 1 is supported: 1 HARQ process corresponds to 1 TB
· FFS: Whether to support relationship 2 (1 HARQ process corresponds up to 2 TBs) in addition to relationship 1
· For unicast, when all the TBs are scheduled by one DCI

· One DCI can be used to schedule both initial and retransmission of different HARQ processes.
· MCS, repetition number, resource assignment are common across all DL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, NPDCCH order indicator, Flag for differentiation
· FFS: HARQ-ACK resource

· For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.

This contribution aims to discuss support of scheduling of multiple DL/UL transport blocks in NB-IoT.
[bookmark: _Ref481671177]
Scheduling multiple TBs with single HARQ device
RAN1#96 agreed for unicast, relationship 1 is supported where 1 HARQ process corresponds to 1 TB. It is for further study whether to support relationship 2 where 1 HARQ process corresponds up to 2 TBs. In addition, it was agreed that scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1. The possibility of supporting relationship 2 with scheduling gap is not precluded by RAN1#96 agreement.
Observation 1: The possibility of supporting relationship 2 with scheduling gap is not precluded by RAN1#96 agreement.
We further analysis relationship 2 for single-HARQ device. In Figure 1, the comparison of single DCI with 2 TBs versus 2 DCIs for DL and UL for single-HARQ device is shown. We assumed legacy scheduling gaps. The figure shows scheduling savings for the DL (4 ms and 3 ms) and UL (8 ms and 3 ms) over transmissions of 2 TBs when a single DCI schedules 2 TBs assuming only one HARQ process is used. We averaged the scheduling delays over transmission of 2 TBs in the comparison. Single DCI scheduling 2 TBs with only one HARQ process provides data rates of 89.0 kbps which is a gain of 10.9% =(=(4ms+3ms)/2/32ms) for DL, and 153.7 kbps which is a gain of 25% =(=(8ms+3ms)/2/22ms) for UL. Table 1 shows the scheduling delay and maximum data rates for release 14 single HARQ device. Table 2 summarizes the DL and UL data rate comparison between 1 TB and single DCI with 2 TBs with 1 HARQ process. As is the case in relationship 1, use of single DCI in relationship 2 can further enhance resource efficiency by reducing DCI overhead. 
[image: ]
Figure 1 Single DCI with 2 TBs Vs 2 DCIs for DL and UL

	DL
	UL

	Number of HARQ processes
	1
	Number of HARQ processes
	1

	TBS (bits)
	2536
	TBS (bits)
	2536

	Rmax
	1
	Rmax
	1

	NPDCCH 
	1 ms
	NPDCCH
	1 ms

	Scheduling delay 
	4 ms
	Scheduling delay 
	8 ms

	NPDSCH 
	10 ms
	NPUSCH 
	10 ms

	Scheduling delay ACK/NACK 
	12 ms
	Scheduling gap for eNB ACK processing
	3 ms

	NPUSCH format 2 
	2 ms
	
	

	Scheduling gap for eNB ACK processing 
	3 ms
	
	

	Total scheduling delay 
	32 ms
	Total scheduling delay
	22 ms

	DL Data rate 
	79.25 kbps
	UL Data rate 
	115.2 kbps


Table 1 Scheduling delay and maximum data rates for release 14 single HARQ device

	
	Legacy Rel-14 single-HARQ device
	Single DCI with 2 TBs for single-HARQ device

	DL data rate
	79.25 kbps
	89.0 kbps  

	UL data rate
	115.2 kbps
	153.7 kbps


Table 2 DL and UL data rate comparison between 1 TB and single DCI with 2 TBs with 1 HARQ process.

Observation 2: Single DCI with 2 TBs provides average data rate gains of 10.9% and 25% for DL and UL respectively compare to 2 DCIs 
Observation 3: Use of single DCI in relationship 2 can reduce DCI overhead
Proposal 1: Support relationship 2 with 1 HARQ process corresponds up to 2 TBs for single-HARQ device including legacy scheduling gap for the DL and UL. 

UL ACK/NACK resources 
RAN1#96 agreed that for TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. It is for further study how to indicate the UL HARQ A/N resource. 

DCI Format N1 includes the NDI field (1bit) to indicate new TB in DL assignment and HARQ-ACK resource (4 bits) to send the UL HARQ A/N in NPUSCH format 2.



Resource units are used to describe the mapping of the NPUSCH to resource elements. A resource unit is defined as  SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain. NPUSCH format 2 is used to carry uplink control information. As shown in Table 3 (TS 36.211 v15.3.0 section 10.1.2.3) , NPUSH Format 2 is transmitted in   =1 subcarriers and [image: ]= 4 slots. The UL HARQ A/N on NPUSCH Format 2 is encoded into 16 bits.
	NPUSCH format
	[image: ]
	Supported uplink-downlink configurations
	[image: ]
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	1
	3.75 kHz
	1, 4
	1
	16
	7

	
	15 kHz
	1, 2, 3, 4, 5
	1
	16
	

	
	
	
	3
	8
	

	
	
	
	6
	4
	

	
	
	
	12
	2
	

	2
	3.75 kHz
	1, 4
	1
	4
	

	
	15 kHz
	1, 2, 3, 4, 5
	1
	4
	


Table 3: Combinations of , , and  for frame structure type 2.
The one bit information of HARQ-ACK[image: ] is coded according to TS 36.212 Table 6.3.3-1, where for a positive acknowledgement [image: ]= 1 and for a negative acknowledgement[image: ] = 0 as shown in Table 4 below.
	HARQ-ACK 
<[image: ]> 
	HARQ-ACK code word
< b0, b1, b2,…,b15 >

	0
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

	1
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>


Table 4: HARQ-ACK code words
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 

-	DL subframe for FDD,

-	 NB-IoT UL subframes following the end of n+12 subframe for TDD,
transmission of the NPUSCH carrying ACK/NACK response using NPUSCH format 2 in N consecutive NB-IoT UL slots, where



-	, where the value of is given by the higher layer parameter ack-NACK-NumRepetitions-Msg4 configured for the associated NPRACH resource for Msg4 NPDSCH transmission, and higher layer parameter ack-NACK-NumRepetitions otherwise, and the value of  is the number of slots of the resource unit (defined in clause 10.1.2.3 of [3]),
-	allocated subcarrier for ACK/NACK and value of k0 is determined by the ACK/NACK resource field in the DCI format of the corresponding NPDCCH according to Table 16.4.2-1, and Table 16.4.2-2 given in Appendix,

-	for FDD, .

-	for TDD, .
As the ACK/NACK resources are back-to-back, there seems to be no need to change the numerology for the NPUSCH format 2. The ACK/NACK resource field can be common when all TBs scheduled by single DCI are contiguous. For example, a single DCI can indicate common ACK/NACK resource field 0 with subcarrier spacing =15 kHz, k0=13, ACK/NACK subcarrier = 0 for TB#0 for HARQ process #0 and TB#1 for HARQ process #1. 
[bookmark: _GoBack]Proposal 2: For unicast, when all TBs scheduled by one DCI are contiguous, the ACK/NACK resources are back-to-back with common ACK/NACK resource field. 

Conclusion
In this contribution, we discussed scheduling multiple DL/UL transport blocks in NB-IoT. We make the following observations and proposals.
Observation 1: The possibility of supporting relationship 2 with scheduling gap is not precluded by RAN1#96 agreement.
Observation 2: Single DCI with 2 TBs provides average data rate gains of 10.9% and 25%  for DL and UL respectively compare to 2 DCIs 
Observation 3: Use of single DCI in relationship 2 can reduce DCI overhead
Proposal 1: Support relationship 2 with 1 HARQ process corresponds up to 2 TBs for single-HARQ device including legacy scheduling gap for the DL and UL. 
Proposal 2: For unicast, when all TBs scheduled by one DCI are contiguous, the ACK/NACK resources are back-to-back with common ACK/NACK resource field. 

Appendix


Table 16.4.2-1: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing.
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	38
	13

	1
	39
	13

	2
	40
	13

	3
	41
	13

	4
	42
	13

	5
	43
	13

	6
	44
	13

	7
	45
	13

	8
	38
	21

	9
	39
	21

	10
	40
	21

	11
	41
	21

	12
	42
	21

	13
	43
	21

	14
	44
	21

	15
	45
	21





Table 16.4.2-2: ACK/NACK subcarrier and for NPUSCH with subcarrier spacing .
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	13

	1
	1
	13

	2
	2
	13

	3
	3
	13

	4
	0
	15

	5
	1
	15

	6
	2
	15

	7
	3
	15

	8
	0
	17

	9
	1
	17

	10
	2
	17

	11
	3
	17

	12
	0
	18

	13
	1
	18

	14
	2
	18

	15
	3
	18
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