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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, a new work item of additional NB-IoT enhancements has been approved [1]. One of the objectives in this work item is scheduling enhancement.
Scheduling enhancement:
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.
In RAN1#94, the following agreements are reached regarding scheduling enhancement for SC-PTM:
[bookmark: OLE_LINK9]Agreement
· One DCI to schedule multiple TBs for SC-MCCH is not supported
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement
· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· For Unicast, the possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD.
· For unicast, the number of TBs scheduled should be dynamically indicated in the DCI, the maximum number of TBs is FFS.
In RAN1#94bis, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement
· Using one DCI to schedule multiple TBs for SC-MTCH is supported, and it is configured and enabled per SC-MTCH via SC-PTM configuration message in SC-MCCH.
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement
· The UE should only monitor one DCI size in the UE specific search space.
· Individual feedback for each HARQ process is supported. 
· FFS if HARQ bundling/multiplexing can be optionally supported.
Working Assumption
· For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
In RAN1#95, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement
· The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement
· For multi-TBs scheduling
· UL: I_sc for each TB is same
· Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
· 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.
In RAN1#96, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement 
· For SC-MTCH, the maximum number of TBs scheduled is 8.
· For SC-MTCH, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number.
· For SC-MTCH multiple TBs scheduling, down-select from the following options:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement 
· One DCI can be used to schedule both initial and retransmission of different HARQ processes.
· For unicast, when all the TBs are scheduled by one DCI
· MCS, repetition number, resource allocation, are common across all UL transport blocks
· There is a single field for each of the following as in Rel-15: Scheduling delay, DCI subframe repetition number, Flag for differentiation
· 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 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
· RAN1 will make decision on the support for the FFS part in RAN1#96bis
· For unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1.
· For TBs scheduled by one DCI that are contiguous, the ACK/NACK resources are back-to-back. FFS details.
In RAN1#96bis, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement 
· For SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b)
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement 
· 1 bit for RV indication in UL transmission is used regardless of the number of TBs.
· Common RV indication is mapped to both TBs
· In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained
Working Assumption
· 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation.
· FFS: Details coding scheme of these 3 bits
Conclusion:
Relationship 2 is not supported in Rel-16.
[bookmark: _Ref129681832]In this contribution, we provide our further views on scheduling multiple DL/UL transport blocks for SC-PTM and unicast.
SC-PTM
Backward compatibility with Rel-14 SC-PTM
In Rel-14 SC-MTCH, each TB is scheduled by one individual DCI assuming that SC-MTCH is split into four TBs as an example shown in Figure 1. In Rel-16, it was agreed to use one DCI to schedule multiple SC-MTCH TBs. Since SC-MTCH is broadcasted to a group of UEs, so if both Rel-16 UEs and legacy UEs are in the network, multiple TBs scheduling for SC-MTCH needs to handle backward compatibility with Rel-14 SC-PTM.
[image: ]
[bookmark: _Ref7465198]Figure 1 Example of scheduling four TBs for SC-MTCH by four DCIs for legacy UEs
Proposal 1: Multiple TBs scheduling for SC-MTCH needs to handle backward compatibility with Rel-14 SC-PTM.
SC-MTCH scheduling pattern
It was agreed that for SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97:
Agreement 
· For SC-MTCH multiple TBs scheduling, select one from the three options in RAN1#97:
a) Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
b) Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
c) Support both a) and b).
The following section focuses on the design of option a) and option b). Two scenarios are considered:
· Scenario 1: Same SC-MTCH for Rel-16 UE and legacy UE, i.e. the same SC-MTCH can be received by both Rel-16 UEs and legacy UEs.
· Scenario 2: SC-MTCH only for Rel-16 UE, i.e. the SC-MTCH can be received by only Rel-16 UEs, and legacy UEs would not receive this SC-MTCH.
Scenario 1: Same SC-MTCH for Rel-16 UE and legacy UE
If the SC-MTCH is the same for Rel-16 UE and legacy UE, considering the network resource overhead, the SC-MTCH should be transmitted only once. In other words, Rel-16 UEs and legacy UEs should receive the same SC-MTCH TBs at the same resource. For Rel-16 UE, multiple SC-MTCH TBs are scheduled by one DCI. For legacy UEs, each SC-MTCH TB is scheduled by one DCI. In this scenario, the scheduling patterns for option a) and option b) are: 
· Scheduling pattern for option a): Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field). The DCI for Rel-16 multiple TBs scheduling is different from the DCIs for legacy SC-MTCH scheduling. Multiple SC-MTCH TBs are transmitted with gaps. An example is shown in Figure 2. 
[image: ]
[bookmark: _Ref7537385]Figure 2 Example of scheduling pattern for option a)
· Scheduling pattern for option b): Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers. The DCI for Rel-16 multiple TBs scheduling is one of the DCIs that schedule the same SC-MTCH TBs for legacy UEs. They are transmitted at the same resource. And the four SC-MTCH TBs are transmitted with gaps. An example is shown in Figure 3.
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[bookmark: _Ref520467879]Figure 3 Example of scheduling pattern for option b)
For scheduling pattern of option a) shown in Figure 2, the network use five DCIs to schedule four SC-MTCH TBs for Rel-16 UEs and legacy UEs. For scheduling pattern of option b) shown in Figure 3, the network use four DCIs to schedule four SC-MTCH TBs for Rel-16 UEs and legacy UEs. For legacy scheduling shown in Figure 1, the network use four DCIs to schedule four SC-MTCH TBs for legacy UEs. The DCI overhead of option b) is the same as that of legacy scheduling. But the DCI overhead of option a) is higher than that of legacy scheduling. So for Rel-16 UEs, it is better to use option b). 
Some companies propose that one DCI is used to schedule only one SC-MTCH TB for legacy UEs and Rel-16 UEs all the time, i.e. legacy scheduling in figure 1 for scenario 1, but in this case this feature of multiple TBs scheduling would not be supported. The concern for option b) is scheduling flexibility. But SC-PTM reception does not have HARQ-ACK feedback and there is no channel quality report for SC-PTM to help eNB to adjust the MCS and TBS precisely. So the flexibility is unreliable. And from UE’s perspective, for option b) UE can reduce the number of NPDCCH search space monitoring to save power consumption, while for legacy one TB scheduling by one DCI UE cannot save.
Observation 1: When same SC-MTCH TBs are received by both Rel-16 UE and legacy UE, option b) outperforms in terms of DCI overhead.
Scenario 2: SC-MTCH only for Rel-16 UE
In comparison with scenario1, scenario 2 has no legacy UEs issue. In this scenario, the only difference of option a) and option b) is how to indicate the TB number.
· Option a): Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field). The legacy DCI format N1 used for SC-MTCH is shown in Table 1. New field should be added to indicate the number of scheduled TBs. For example, 3 bits is used to indicate one of {1,2,3,4,5,6,7,8} or 2 bits is used to indicate one of {1, 2, 4, 8}. The DCI size will be extended to 20 bits or 21bits.
· Option b): Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers. DCI size is also 18bits, i.e. no change to DCI size.
[bookmark: _Ref524797776]Table 1 DCI format N1 for SC-MTCH scheduling
	Field
	Size

	Information for SC-MCCH change notification
	2

	Scheduling delay
	3

	Resource assignment
	3

	MCS(modulation and coding scheme)
	4

	Repetition number
	4

	DCI subframe repetition number
	2

	Total
	18


In scenario 1, option b) is used. Consistent design between scenario 1 and 2 can avoid blindly decoding different DCI size considering that option b) is better in scenario 1.
Observation 2: If SC-MTCH TBs are received by only Rel-16 UE, option b) outperforms in terms of UE detection complexity.
In summary, to support both scenario 1 and scenario 2, the following proposals are made:
Proposal 2: For SC-MTCH multiple TBs scheduling, option b) is adopted. (i.e. reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers).
Unicast
For unicast, it was agreed to support scheduling multiple DL/UL transport blocks with a single DCI. There are two main differences from SC-PTM. The first one is that the transmission of DL/UL TBs for unicast needs HARQ operation. The second one is that there is no backward compatibility issue for unicast.
Observation 3: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
The following part focuses on DCI design and HARQ operation related issues for unicast.
DCI design
To maximize the gain of DCI overhead reduction, the size of new DCI should be equal to or slightly larger than that of legacy DCI. So it is better to reuse the field in legacy DCI as much as possible. Table 3 in Annex A lists the content of legacy DCI format for two HARQ processes.
According to the agreements reached in previous meetings, how to indicate the following fields is still open:
· Scheduling delay for DL/UL DCI









In RAN1#96, it is agreed that for unicast, scheduling gaps between TBs scheduled by one single DCI are not supported for relationship 1. And it is also agreed that there is a single scheduling delay field in the DCI. Since the TBs are transmitted back-to-back, UE only needs to know the start time of TBs’ transmission. So the scheduling delay field in DCI can be used to determine the delay between DCI and first TB. Similarly as legacy DCI, the scheduling delay field indicates the value of  and reuse the Rel-15 mapping from  to . Reuse Rel-15 values of  and  to ensure UE enough processing time. In Rel-15, according to TS 36.213 mapping from  to and the values of   and are shown in Table 16.4.1-1 for downlink and in Table 16.5.1-1 for uplink. 

Table 16.4.1-1: for DCI format N1.
	

	


	
	

	


	0
	0
	0

	1
	4
	16

	2
	8
	32

	3
	12
	64

	4
	16
	128

	5
	32
	256

	6
	64
	512

	7
	128
	1024



Table 16.5.1-1: for DCI format N0 for FDD.
	

	


	0
	8

	1
	16

	2
	32

	3
	64


Proposal 3: In case 2 TBs are scheduled, scheduling delay field (IDelay) is used to determine the delay between DCI and the first TB.
Proposal 4: In case 2 TBs are scheduled, reuse Table 16.4.1-1 for downlink and Table 16.5.1-1 for uplink in TS 36.213.
· Scheduled TB number, HARQ process index and NDI for DL/UL DCI
In RAN1#96bis, there is a working assumption below. 
Working Assumption
· 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation.
· FFS: Details coding scheme of these 3 bits
According to the working assumption, the following indication method is made:
· 1 bit in the DCI indicates the scheduled TB number, i.e. {1, 2}.
· If the scheduled TB number is 1, legacy NDI and HARQ process number fields are reused, i.e. 1 bit for NDI and 1bit for HARQ process number.
· If the scheduled TB number is 2, the HARQ process indexes for the first TB and second TB can be predefined e.g. 0 and 1. In RAN1#96, it is agreed that one DCI can be used to schedule both initial and retransmission of different HARQ processes. So the NDI should be indicated individually for each TB. There is already 1 bit in legacy DCI to indicate the NDI of the first TB, so only need to add 1 bit to indicate the NDI of second TB. 
Proposal 5: Confirm the working assumption: 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation. 
Proposal 6: Coding scheme of these 3 bits is as followings: 
· 1 bit is used to indicate the scheduled TB number, i.e. {1, 2}.
· If the scheduled TB number is indicated as 1, the remaining 2 bits are used to indicate NDI and HARQ process index for the scheduled TB.
· If the scheduled TB number is indicated as 2, the remaining 2 bits are used to indicate NDIs for 1st TB and 2nd TB, and HARQ process indexes for 1st TB and 2nd TB are predefined as 0 and 1 respectively. 
· HARQ-ACK resource field for DL DCI
In RAN1#96bis, the following agreements are reached:
Agreement
· In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Considering the signaling overhead, reuse the same jointly indication method as legacy DCI for two HARQ processes, i.e. HARQ-ACK resource field jointly indicates the timing of ACK/NACKs and the subcarrier position of ACK/NACK. The timing relationship of ACK/NACKs should be kept the same as Rel-15 to ensure that UE has the same enough processing time, i.e. for each HARQ process the start of ACK/NACK transmission is >= 12ms later than the end of the corresponding DL TB. 
Proposal 7: Same as legacy DCI, single HARQ-ACK resource field with 4 bits indicates the timing and the subcarrier position of the ACK/NACKs in case 2 DL TBs are scheduled.
Proposal 8: The timing relationship of ACK/NACK for each HARQ process is the same as Rel-15, i.e. for each HARQ process the start of ACK/NACK transmission is >= 12ms later than the end of the corresponding DL TB.












As for the detailed values of ACK/NACK, the minimal value for repetition case and non-repetition case are different shown in Figure 4 as an example. In repetition case, if the repetition number (i.e.) for one TB is 16, the number of subframes for one TB mapping in one repetition unit (i.e.) and the repetition number (i.e. ) is 8, ACK/NACK timing with 1ms is enough. In non-repetition case, if  is 1, is 10 and  is 1, ACK/NACK timing with 10ms is enough. So the ACK/NACK timing values should be related to  ,and , where the value of  is determined by the repetition number field, the value of  is determined by the resource assignment field in DL DCI and  is given by the higher layer parameter ack-NACK-NumRepetitions.
[bookmark: _Ref7462362][image: ]
[bookmark: _Ref7539546]Figure 4 An illustration of minimal ACK/NACKs timing value for repetition and non-repetition case

Observation 4: The minimal ACK/NACKs timing value can be different for repetition case and non-repetition case in case 2 DL TBs are scheduled.

Proposal 9: In case 2 DL TBs are scheduled, the minimal ACK/NACKs timing value at least depends on NRep, NSF and , where: 
· NRep is determined by the repetition number field in DCI.
· NSF is determined by the resource assignment field in DCI.
· 
 is given by the higher layer parameter ack-NACK-NumRepetitions. 
HARQ-ACK bundling and multiplexing
For multiple DL/UL TBs scheduled by one DCI, it is agreed that individual feedback for each HARQ process is supported. For downlink, the HARQ-ACK feedback is transmitted in NPUSCH format 2. Uplink feedback is indicated by the NDI field in DCI. 
For HARQ-ACK bundling, 1 bit is used to indicate the HARQ-ACK feedback of multiple DL/UL TBs in the bundle. When one of the TBs in the bundle fails to be decoded, it will cause all TBs retransmission. It is a waste of resource especially for TBs with larger repetition number. 
For HARQ-ACK multiplexing, N bits are used to indicate the HARQ-ACK feedback of multiple DL/UL TBs in the bundle, where N denotes the number of TB scheduled by one TB. For uplink, it means that the NDI field should be extended to N bits, same as individual feedback. For downlink, high order modulation can be used to carry N bits information. Currently, the modulation of NPUSCH format 2 is BPSK. If the high order modulation is introduced, the performance of HARQ-ACK will be degraded. To keep the same coverage, more repetitions will be needed. 
In Rel-14 eMTC, HARQ-ACK bundling is introduced to improve the peak data rate when no repetition is used for MPDCCH or PDSCH. While in NB-IoT, the scheduling patterns for peak data rate when using individual HARQ-ACK feedback and HARQ-ACK bundling if supported are shown in Figure 5 and Figure 6 respectively. Two HARQ processes are used and assume the timing relationship constraints of Rel-13 and Rel-14 are kept. The comparison results are shown in Table 2. When using individual HARQ-ACK bundling, the peak data rate is 126.8kbps. When using HARQ-ACK bundling, the peak data rate is 120.8kbps. It is seen that the downlink peak data rate reduces when HARQ-ACK bundling is used.
[image: ]
[bookmark: _Ref4790558]Figure 5 Scheduling pattern for peak data rate when using individual HARQ-ACK feedback
[image: ]
[bookmark: _Ref4790564]Figure 6 Scheduling pattern for peak data rate when using HARQ-ACK bundling
[bookmark: _Ref4790587]Table 2 Peak data rate comparison of NB-IoT
	
	Individual HARQ-ACK feedback
	HARQ-ACK bundling

	Downlink peak data rate(kbps)
	126.8
	120.8


Proposal 10: Both HARQ-ACK bundling and multiplexing are not supported for NB-IoT.
Interleaving
Figure 7 shows the performance comparison between transmission with and without interleaving. The corresponding simulation assumptions are listed in the Annex.
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[bookmark: _Ref4780601]Figure 7 Performance comparison between transmission with and without interleaving 
As shown in Figure 7, for TU 1Hz transmission with interleaving has about 2dB gain than transmission without interleaving due to time diversity. In high speed case, the interleaving transmission is expected to get more time diversity gain. Note that one of NB-IoT design target is to address the scenario re-farming GSM carrier, there are existing M2M service on 2G network which does not require coverage enhancement but may have certain mobility requirement. Thus the interleaving gain for NB-IoT would be valuable. 
Regarding the impact of the interleaving to soft buffer size, it is noted that the soft buffer size is only related to the maximum TBS and the number of HARQ processes. Transmission with interleaving does not increase either of them. So transmission with interleaving has no soft buffer impact. As for complexity, it is noted that the complexity depends on the amount of operations and the time spent to perform them. As shown in Figure 8, the time of two TBs’ transmission is T. During the time T, the amount of transmission with and without interleaving is the same, i.e. 4A. Assume that the same algorithm of channel estimation, equalization, demodulation and decoding is used. The complexity is 4A/T for both transmission with and without interleaving. So transmission with interleaving will not increase the complexity.
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[bookmark: _Ref4781413]Figure 8 Transmission with and without interleaving
Observation 5: Interleaving transmission has 2dB gain and no impact on UE hardware in comparison with non-interleaving transmission.
Proposal 11: Interleaving is supported for unicast.
Conclusions
In this contribution, our views on scheduling multiple DL/UL transport blocks for SC-PTM and unicast are provided. The following observations and proposals are made.
Proposal 1: Multiple TBs scheduling for SC-MTCH needs to handle backward compatibility with Rel-14 SC-PTM.
Observation 1: When same SC-MTCH TBs are received by both Rel-16 UE and legacy UE, option b) outperforms in terms of DCI overhead.
Observation 2: If SC-MTCH TBs are received by only Rel-16 UE, option b) outperforms in terms of UE detection complexity.
Proposal 2: For SC-MTCH multiple TBs scheduling, option b) is adopted. (i.e. reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers).
Observation 3: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
Proposal 3: In case 2 TBs are scheduled, scheduling delay field (IDelay) is used to determine the delay between DCI and the first TB.
Proposal 4: In case 2 TBs are scheduled, reuse Table 16.4.1-1 for downlink and Table 16.5.1-1 for uplink in TS 36.213.
Proposal 5: Confirm the working assumption: 3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation. 
Proposal 6: Coding scheme of these 3 bits is as followings: 
· 1 bit is used to indicate the scheduled TB number, i.e. {1, 2}.
· If the scheduled TB number is indicated as 1, the remaining 2 bits are used to indicate NDI and HARQ process index for the scheduled TB.
· If the scheduled TB number is indicated as 2, the remaining 2 bits are used to indicate NDIs for 1st TB and 2nd TB, and HARQ process indexes for 1st TB and 2nd TB are predefined as 0 and 1 respectively. 
Proposal 7: Same as legacy DCI, single HARQ-ACK resource field with 4 bits indicates the timing and the subcarrier position of the ACK/NACKs in case 2 DL TBs are scheduled.
Proposal 8: The timing relationship of ACK/NACK for each HARQ process is the same as Rel-15, i.e. for each HARQ process the start of ACK/NACK transmission is >= 12ms later than the end of the corresponding DL TB.
Observation 4: The minimal ACK/NACKs timing value can be different for repetition case and non-repetition case in case 2 DL TBs are scheduled.

Proposal 9: In case 2 DL TBs are scheduled, the minimal ACK/NACKs timing value at least depends on NRep, NSF and , where: 
· NRep is determined by the repetition number field in DCI.
· NSF is determined by the resource assignment field in DCI.

 is given by the higher layer parameter ack-NACK-NumRepetitions.
Proposal 10: Both HARQ-ACK bundling and multiplexing are not supported for NB-IoT.
Observation 5: Interleaving transmission has 2dB gain and no impact on UE hardware in comparison with non-interleaving transmission.
Proposal 11: Interleaving is supported for unicast.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref519792886][bookmark: _Ref520388215]RP-181451, “New WID on Rel-16 enhancements for NB-IoT”, Ericsson, Huawei, RAN#80, La Jolla, USA, June 11-14, 2018.

Annex A
[bookmark: _Ref4598689]Table 3 Legacy DCI format for two HARQ processes
	DCI format N0
	DCI format N1

	Information
	Size [bits]
	Information
	Size [bits]

	Flag for format N0/format N1 differentiation
	1
	Flag for format N0/format N1 differentiation
	1

	Subcarrier indication
	6
	NPDCCH order indicator
	1

	Resource assignment
	3
	Scheduling delay
	3

	Scheduling delay
	2
	Resource assignment
	3

	MCS
	4
	Modulation and coding scheme
	4

	Redundancy version
	1
	Repetition number
	4

	Repetition number
	3
	New data indicator
	1

	New data indicator (NDI)
	1
	HARQ-ACK resource
	4

	DCI subframe repetition number
	2
	DCI subframe repetition number
	2

	HARQ process number 
	1
	HARQ process number 
	1



Annex B
Table 4 Simulation assumption
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Operation mode
	Stand alone

	Antenna configuration
	1T1R

	Channel model
	TU 1Hz

	Frequency error
	Randomly distributed between [-50, 50] Hz

	Timing error
	Randomly distributed between [-2.6, 2.6]μs

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Number of subframes (Nsf)
	10

	TBS(bits)
	1032

	Repetition number
	32
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Introduction


 


At RAN#


80


, a new work item of 


additional 


NB


-


IoT en


hancements has been approved 


[1]


. One of the 


objectives in this work item is 


s


cheduling enhancement


.


 


Scheduling enhancement:


 


·


 


Specify scheduling multiple DL/UL transport blocks with or without DCI for SC


-


PTM and 


unicast 


[RAN1, RAN2]


 


o


 


Enhancement of SPS can be discussed.


 


In RAN1#94, the following agreements


 


are reached 


regarding scheduling enhancement for 


SC


-


PTM


:


 


Agreement


 


·


 


One DCI to schedule multiple TBs for SC


-


MCCH is not supported


 


And 


the following agreements are reached regarding scheduling enhancement for 


unicast


:


 


Agreement


 


·


 


For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.


 


·


 


For Unicast, the possibility of scheduling multiple DL/UL transport blocks is


 


configured via 


RRC. Details TBD.


 


·


 


For unicast, t


he number of TBs scheduled should be dynamically indicated in the DCI,


 


the 


maximum number of TBs is FFS


.


 


In RAN1#94


bis


, the following agreements


 


are reached 


regarding scheduling enhancement for 


SC


-


PTM


:


 


Agreement


 


·


 


Using one DCI to schedule multiple TBs for SC


-


MTCH is supported, and it is configured and 


enabled per SC


-


MTCH via SC


-


PTM configuration message in SC


-


MCCH.


 


And 


the following agreements are reached regarding scheduling enhancement for 


unicast


:


 


Agreement


 


·


 


The UE should only monitor one DCI size in the UE specific search space.


 


·


 


Individual feedback for each HARQ process is supported. 


 


·


 


FFS if HARQ bundling/multiplexing can be optionally supported.


 


Working Assumption


 


·


 


For UE supporting multiple TBs, th


e soft buffer size stays the same as that of the legacy UE


 


I


n RAN1#95, the following agreements are reached regarding scheduling enhancement for SC


-


PTM:


 


Agreement


 


·


 


The maximum number of TBs for multicast is one of [4, 8]


 


o


 


FFS: Whether the TBs are back to 


back without gap


 


And 


the following agreements are reached regarding scheduling enhancement for 


unicast


:


 


Agreement


 


·


 


For multi


-


TBs scheduling


 


o


 


UL: I_sc for each TB is same


 


·


 


Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size


 


stays 


the same as that of the legacy UE.
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