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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:
· Individual feedback for each HARQ process is supported. 
· FFS if HARQ bundling/multiplexing can be optionally supported.
· For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
· FFS: Whether scheduling gaps is also supported
· FFS: How to schedule repetitions within the consecutive resource allocation
· 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
· Maximum UL HARQ process supported is 2.
· Maximum DL HARQ process supported is 2.
· The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap
This contribution aims to discuss support of scheduling of multiple DL/UL transport blocks in NB-IoT.
[bookmark: _Ref481671177]
Scheduling multiple DL/UL transport blocks
Transmission of multiple TBs on the DL following indication in a single DCI to a UE in normal coverage conditions can be done in two ways as illustrated in Figure 1:
· Single DCI for consecutive transmission of multiple TBs (back-to-back) 
· Single DCI for transmission of multiple TBs with new scheduling gap
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Figure 1: Transmission of multiple TBs with single DCI.
Multiple TBs scheduled via single DCI
Table 1 shows a data rate comparison between 2 DCIs and single DCI with 2 HARQ processes with 1 TB per HARQ process (Relationship 1). Single DCI schedules back-to-back transmission of 2 TBs. Each TB is acknowledged by NPUSCH Format 2 with one 15 kHz subcarrier each over 4 slots concurrently. Single DCI increases data rates for DL and UL in poor coverage (Rmax=16) as it saves scheduling delay for the second HARQ process. Maximum data rate gains of single DCI are 40% for DL with Rmax=8 and 9.2% for the UL with Rmax=16 compare to 2 DCIs. 
Observation 1: With 2 HARQ processes, single DCI with 1 TB per HARQ process increases data rates for DL and UL in poor coverage as it saves scheduling delay for the second HARQ process.
	
	DL
	UL

	
	2 DCIs
	Single DCI
	2 DCIs
	Single DCI

	Rmax=1
	120.76 kbps
	120.76 kbps
	158.5 kbps
	158.5 kbps

	Rmax=4
	43.35 kbps
	43.35 kbps
	53.38 kbps
	53.38 kbps

	Rmax=8
	20.95 kbps
	29.48 kbps
	28.33 kbps
	28.33 kbps

	Rmax=16
	11.27 kbps
	14.91 kbps
	13.56 kbps
	14.81 kbps

	Rmax=32
	5.85 kbps
	7.50 kbps
	6.98 kbps
	7.42 kbps


Table 1: Peak data rates -2 HARQ processes, 1 TB per HARQ process, TBS=2536 bits (DL) and (UL)
[bookmark: _GoBack]RAN1#95 confirmed the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE. Table 2 shows a data rate comparison between 2 DCIs and single DCI with 2 HARQ processes with 2 TBs per HARQ process (Relationship 1). The TBS was set to 1256 bits with 5 RUs to keep same soft buffer size. Comparing Table 1 and Table 2, we make the following observations
Observation 2: For DL, using 2 TBs per HARQ process provides data rate gain of 4% for Rmax<=4 and data rate loss of 1% loss for Rmax > 4 compare to 1 TB per HARQ process.  
Observation 3: For UL, using 2 TBs per HARQ process provides data rate gain of 9% for for Rmax<=8  and data rate loss of 1%-2% for Rmax > 8 compare to 1 TB per HARQ process.  
Proposal 1: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, support Relationship 1 (1 HARQ process corresponds to 1 TB).
	
	DL
	UL

	
	2 DCIs
	Single DCI
	2 DCIs
	Single DCI

	Rmax=1
	125.6 kbps
	125.6 kbps
	157.0 kbps
	157.0 kbps

	Rmax=4
	48.7 kbps
	48.7 kbps
	57.9 kbps
	52.8 kbps

	Rmax=8
	20.7 kbps
	29.2 kbps
	29.9 kbps
	28.0 kbps

	Rmax=16
	11.1 kbps
	14.7 kbps
	13.4 kbps
	14.4 kbps

	Rmax=32
	5.8 kbps
	7.43 kbps
	6.9 kbps
	7.3 kbps


Table 2: Peak data rates -2 HARQ processes, 2 TB per HARQ process, TBS=2536 bits (DL) and (UL)
New scheduling gap for multiple TBs scheduled by single DCI
In case the TBs scheduled by single DCI are not consecutive with a gap of 15 ms (scheduling delay for ACK + NPUSCH format 2 for A/N and eNB proceeding delay of A/N), there is no saving in total latency to transmit multiple TBs. There is consequently no no data rate increase.. 
Proposal 2: Scheduling gap between the end of previous TB and the start of the next TB is not supported when multiple TBs are scheduled by one single DCI.

Design of single DCI for multiple TBs
Single DCI schedules back-to-back transmission of 4 TBs. Each TB is assumed to be acknowledged by NPUCH Format 2 with one 15 kHz subcarrier each over 4 slots concurrently. The NDI field indicating new TBs will need to be 4 bits. It is preferred there is no change for the channel coding for the TBs. Each TB is independently encoded. After channel encoding, each TB is further protected by a CRC. The coding rate and resources for each TB should be identical to avoid increasing DCI size. When multiple DL/UL transport blocks are assigned by a single DCI, each TB is independently encoded and has its own CRC. The scheduling parameters for resource allocation  ITBS, IRU , ISF for each TB should be identical to avoid increasing DCI size.
Proposal 3: For multi-TBs scheduling
· DL: ITBS, ISF  for each TB is same 
· UL: ITBS, IRU for each TB is same
Proposal 4: For multi-TBs scheduling, each has its own CRC. 
It is preferable for forward compatibility if the introduction of scheduling of multiple TBs via single DCI does not require new DCI formats N0 or N1. It is also preferable that new DCI fields or re-interpreted fields in DCI format N0 or N1 and configurations aspects to support multiple TB scheduling via single DCI will not increase blind detection complexity in the device. We have preference for setting per-HARQ process NDI for implicit UL A/N for HARQ process #0 and #1 to reduce overhead. This allows to re-transmit only the UL TBs not detected at eNB.
Proposal 5: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.
DL HARQ A/N bundling/multiplexing on 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 = 4 slots. The DL A/N on NPUSCH Format 2 is encoded into 16 bits.
	NPUSCH format
	[image: ]
	Supported uplink-downlink configurations
	
	
	

	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
DL HARQ A/N bundling for multiple TBs scheduling with single DCI can be done in two ways:
· CDM: Each TB is assigned 2 HARQ-ACK 16-bit code words, which increases the number of codewords for DL HARQ A/N bundling from 2 to 4 for 1 TB per HARQ process and 2 to 8 for 2 TBs per HARQ process.
· FDM: Each TB can be acknowledged by NPUSCH Format 2 with FDM with one 15 kHz subcarrier each over 4 slots concurrently.
Figure 1 illustrates the DL HARQ A/N bundling for multiple TBs scheduling with single DCI. This is for scheduling of maximum TBS=2536 bits with 2 HARQ processes, 10 RUs per TB, and Rmax=1. For this case, there is change in scheduling delay of A/N for bundled A/N. With higher values of Rmax>4, scheduling delay of A/N with bundling is marginally lower compare to no A/N bundling as the UE can transmit A/N of TB#0 immediately after receiving NPDCH of TB#1. For example with Rmax=8, the total latency for transmitting 2 TBs is 172 ms without A/N bundling and 156 ms (172ms – 16 ms) or 10% latency reduction. 
[image: ]








Figure 1: DL HARQ A/N bundling for multiple TBs scheduling with single DCI
A 3 dB and 6 dB detection loss can be expected with CDM DL HARQ A/N bundling for 1 TB and 2 TBs per HARQ process respectively. In FDM case, a 3 dB or 6 dB transmission power loss per 15 kHz subcarrier can be expected.  Use of DL HARQ A/N bundling when multiple TBs are scheduled via single DCI increases the data rates with Rmax > 4. For example with Rmax=8 and 1 TB per HARQ process, the DL data rate is increased from 26.97 kbps to 29.48 kbps or about 9.3% increase.  However, taking into account the 3 dB loss, NPUSH format 2 may need to be transmitted with Rmax=32 instead of 16, and there will be no increase in data rates.
Single DCI schedules back-to-back transmission of 2 TBs. Bundling of DL A/N for HARQ process #0 and #1 can reduce overhead, but has the drawback that both TBs will be lost in case NPUSCH Format 2 detection fails. The NPUSCH Format 2 overhead gain possible with bundled DL A/N (i.e. 1 bit before channel coding) is at least an order of magnitude lower relative to the overhead reduction already achieved by using single DCI to schedule 2 TBs (i.e. 24 bits before channel coding). 
Observation 4: A 3 dB or 6 dB coverage degradation can be expected with DL HARQ A/N bundling on NPUCH format 2 for multi-TBs scheduling with single DCI.
Observation 5: Taking into account NPUSCH format 2 loss with DL HARQ A/N bundling for multi-TBs scheduling with single DCI, there is no gain in data rates compare to no DL HARQ A/N bundling.
Proposal 6: DL HARQ A/N bundling for multi-TBs scheduling with single DCI is not supported.

Conclusion
In this contribution, we discussed scheduling multiple DL/UL transport blocks in NB-IoT. We make the following observations and proposals.
Observation 1: With 2 HARQ processes, single DCI with 1 TB per HARQ process increases data rates for DL and UL in poor coverage as it saves scheduling delay for the second HARQ process.
Observation 2: For DL, using 2 TBs per HARQ process provides data rate gain of 4% for Rmax<=4 and data rate loss of 1% loss for Rmax > 4 compare to 1 TB per HARQ process.  
Observation 3: For UL, using 2 TBs per HARQ process provides data rate gain of 9% for for Rmax<=8  and data rate loss of 1%-2% for Rmax > 8 compare to 1 TB per HARQ process.  
Proposal 1: For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, support Relationship 1 (1 HARQ process corresponds to 1 TB).
Proposal 2: Scheduling gap between the end of previous TB and the start of the next TB is not supported when multiple TBs are scheduled by one single DCI.
Proposal 3: For multi-TBs scheduling
· DL: ITBS, ISF  for each TB is same 
· UL: ITBS, IRU for each TB is same
Proposal 4: For multi-TBs scheduling, each has its own CRC. 
Proposal 5: Design of new or re-interpreted DCI fields in DCI format N0 or N1 to support multiple TB scheduling via single DCI is FFS.
Observation 4: A 3 dB or 6 dB coverage degradation can be expected with DL HARQ A/N bundling on NPUCH format 2 for multi-TBs scheduling with single DCI.
Observation 5: Taking into account NPUSCH format 2 loss with DL HARQ A/N bundling for multi-TBs scheduling with single DCI, there is no gain in data rates compare to no DL HARQ A/N bundling.
Proposal 6: DL HARQ A/N bundling for multi-TBs scheduling with single DCI is not supported.
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