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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#97, the following agreements are reached regarding scheduling enhancement for unicast:
Agreement
· Confirm the working assumption last meeting:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits
· The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) is as follows:
	Codepoint
	Description

	000
	Single TB scheduling, HARQ ID=0, NDI=0

	001
	Single TB scheduling, HARQ ID=0, NDI=1

	010
	Single TB scheduling, HARQ ID=1, NDI=0

	011
	Single TB scheduling, HARQ ID=1, NDI=1

	100
	Multi-TB scheduling, NDI=00

	101
	Multi-TB scheduling, NDI=01

	110
	Multi-TB scheduling, NDI=10

	111
	Multi-TB scheduling, NDI=11


Table 1: Joint coding scheme of scheduled TB number, HARQ process index, NDI for HARQ operation
· Only one additional bit is added in the DCI format to support the above indication of 8 states
Note: How to capture the above agreement is up to the editor
· 

In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where n is the ending subframe of last scheduled TB and k0' is down-selected from the following two choices:
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· [bookmark: OLE_LINK5]New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used
· HARQ-ACK resource field is common across the HARQ-ACK feedback for all the DL TBs scheduled.
· ACK/NACK subcarriers are the same across all the TBs
In RAN1#98, the following agreements are reached regarding scheduling enhancement for SC-PTM:
Agreement
· Non-continuous transmission between SC-MTCH TBs is supported
· Details FFS (including UE capability and continuous transmission)
And the following agreements are reached regarding scheduling enhancement for unicast:
Agreement 
· Legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms
· For unicast, for a Rel-16 UE configured with multiple TB scheduling, after receiving NPDCCH with a DL (UL) grant ending in subframe n, and if the corresponding NPDSCH(NPUSCH format 1) transmission starts from n+k, the UE is not required to monitor NPDCCH starting from subframe n+k-2 to subframe n+k-1.
· If two TBs are scheduled by the DCI, the UE is not required to monitor another NPDCCH from subframe n+1 to subframe n+k-1
· For unicast, for a Rel-16 UE configured with multiple TB scheduling:
· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted
· When multiple TBs are scheduled by the DCI
· The repetitions for one transport block can be either contiguously transmitted or interleaved.
· Interleaving is an eNB configured feature
· FFS: Interleaving feature is a UE optional feature
For next meeting

On the issue of new values for  companies are encouraged to submit detailed proposals for decision on whether to support such values in RAN1#98bis
Conclusion
In Rel-16, HARQ multiplexing for multiple TB scheduling is not supported. 
· FFS if HARQ bundling can be optionally supported.
[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
[bookmark: _Ref20752809]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.
[image: ]
[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. 
Some companies also propose that the legacy scheduling shown in Figure 1 is used in scenario 1. But 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.
[bookmark: _Ref19740224][bookmark: _Ref20752930]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 and Rel-16 UE’s power consumption.
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. For scenario 2, the SC-MTCH is only for Rel-16 UEs in the network, it is better to transmit the multiple SC-MTCH TBs back to back for UE finishing receiving SC-PTM quicker.
[bookmark: _Ref20752942]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:
[bookmark: _Ref20752821]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).
[bookmark: _Ref20752826]Proposal 3：For SC-MTCH multiple TBs scheduling, whether there is scheduling gaps is configured by higher layer.
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.
[bookmark: _Ref20752952]Observation 3: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
The following part focuses on remaining issues of multiple TBs transmission for unicast.
ACK/NACK delay value
[image: ]
[bookmark: _Ref15115747]Figure 4 Timing constraints for ACK/NACK


It was agreed in RAN1#97 that  (i.e. the ACK/NACK delay value X = -1 shown in figure 4) is down-selected from the following two choices:
· Option 1: The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· Option 2: New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used.
And it was agreed in RAN1#98 that legacy HARQ delay timing constraint is used, i.e. the interval between the end of the corresponding DL TB and the start of ACK/NACK transmission is >= 12ms. The ACK/NACK delay value X (X = k0' - 1) should fulfill the following conditions at the same time.
· Condition 1: X + length of TB2 ≥ 12ms 
· Condition 2: X + length of A/N1 ≥ 12ms
For option 1, the same value as the one for legacy one TB case is reused without any change. Thus k0'∈{13, 21}for 3.75kHz, and k0'∈{13, 15, 17, 18} for 15kHz.
For option 2, the delay value depends on the length of last TB and ACK/NACK resources. Considering the 1ms DL to UL switch time, k0' ≥2 (i.e. X ≥ 1) is enough to satisfy both conditions i.e. maintain the legacy HARQ delay timing constraint if the length of TB2 ≥ 12ms and length of A/N1 ≥ 12ms, e.g. k0' ∈{2, 10}for 3.75kHz, and k0'∈{2, 4, 6, 8} for 15kHz. For other cases, since the minimal length of A/N1 is 1ms thus k0' ≥12 (i.e. X ≥ 11) is enough to satisfy both conditions e.g. k0'∈{12, 20}for 3.75kHz, and k0'∈{12, 14, 16, 18} for 15kHz.
Both option 1 and option 2 can maintain the legacy HARQ delay timing constraint. However option 2 can achieve higher data rate than option 1 because k0' in option 2 is much smaller than that in option 1 in any cases. Especially in the case that length of TB2 ≥ 12ms and length of A/N1 ≥ 12ms, this improvement in data rate is obvious because in this case k0' can be set to 2 for option 2 however k0' is 13 for option 1. So option 2 is preferred.
Table 2 Summary of option 1 and option 2
	
	Option 1
	Option 2

	Solution
	k0'∈{13, 21}for 3.75kHz 
k0'∈{13, 15, 17, 18} for 15kHz 
	if length of TB2 ≥ 12ms and length of A/N1 ≥ 12ms,
k0'∈{2, 10}for 3.75kHz, 
k0'∈{2, 4, 6, 8} for 15kHz 
otherwise
k0'∈{12, 20}for 3.75kHz, 
k0'∈{12, 14, 16, 18} for 15kHz 

	Data rate
	Low
	High



[bookmark: _Ref20752992]Observation 4：In case of non-interleaved transmission, for 2 TBs case,  k0' depending on the length of last TB and the length of first ACK/NACK achieves higher data rate than reusing the same value as the one for legacy one TB case.
The length of last TB can be determined by the number of subframes from its transmission start to its transmission end. And the length of the first ACK/NACK can be determined by the number of subframes from its transmission start to its transmission end. For example, the length of last TB is determined by . The length of the first ACK/NACK is determined by . 
·  is determined by the repetition number field in DCI.
·  is determined by the resource assignment field in DCI.
·  is given by the higher layer parameter ack-NACK-NumRepetitions.
·  is 4 for NPUSCH format 2 carrying ACK/NACK according to Table 10.1.2.3-1 in TS 36.211.
·  is  for 3.75kHz and   for 15kHz given in Table 10.1.2.1-1.

[bookmark: _Ref20752830]Proposal 4: In case of non-interleaved transmission, for 2 TBs case, 
· k0' ∈{2, 10}for 3.75kHz and k0' ∈{2, 4, 6, 8}for 15kHz if  ≥ 12ms and ≥ 12ms
· k0' ∈{12, 20}for 3.75kHz and k0' ∈{12, 14, 16, 18}for 15kHz otherwise
DL gap
In Rel-13, DL gap is introduced to avoid downlink channel blocking issue. Single DL gap configuration is applied to both NPDCCH and NPDSCH shown in Table 3.
[bookmark: _Ref15291353][bookmark: _Ref15291349]Table 3 Summary of DL gap in Rel-13
	
	NPDCCH
	NPDSCH

	Gap periodicity
	, given by higher layer parameter dl-GapPeriodicity

	Gap duration
	, where  is given by higher layer parameter dl-GapDurationCoeff

	Gap threshold
	, given by higher layer parameter dl-GapThreshold

	Conditions for Gaps
	No gaps if , 
with gaps otherwise (shown in Figure 5)



[image: ]
[bookmark: _Ref16705598]Figure 5 An example of DL gap in Rel-13
In Rel-14, two HARQ processes are actually applied for UEs in normal coverage due to the limitation of scheduling delay values. The scheduling delay indicates the delay between the end of DCI and the start of corresponding NPDSCH transmission for each HARQ process. The scheduling delay value limits the use of larger repetitions for NPDSCH transmission in second HARQ process. Thus the duration of NPDSCH in second HARQ process is limited.
In case of two TBs scheduled by one DCI, the scheduling delay indicates the delay between the end of DCI and the start of first corresponding NPDSCH transmission. Thus there is no limitation for corresponding NPDSCH repetitions. So the duration of two TBs scheduled by one DCI can be longer compared with Rel-14.
[bookmark: _Ref20753031]Observation 5: The duration of two NPDSCHs scheduled by one DCI in Rel-16 can be longer than the duration of two NPDSCHs scheduled by two DCIs in Rel-14.
In Rel-14, if , there will be DL gaps so NPDSCHs scheduled by two DCIs would not block the DL channel. If , there are no DL gaps since the duration of two NPDSCHs scheduled by two DCIs would not be long due to the limitation of scheduling delay values in Rel-14, so the NPDSCH would not block the DL channel. However in Rel-16, even for the case that , when one DCI schedules two TBs with back-to-back transmission, the duration of two NPDSCHs can be longer than Rel-14, so it can also block the DL channels as shown in Figure 6.
[image: ]
[bookmark: _Ref16754546]Figure 6 DL gap for multiple TB scheduling
An example is shown in Table 4.  = 10 and  = 256 are assumed. The two NPDSCH transmissions last 5120 ms and block the downlink channel but there is no DL gap based on legacy DL gap mechanism. Note in Rel-13, single DL gap configuration is applied to both NPDCCH and NPDSCH.
[bookmark: _Ref16092823]Table 4 Example of two TBs scheduled by one DCI
	
	128

	
	256

	NPDCCH
	There are no DL gaps because

	NPDSCH
	There are no DL gaps because.
But the duration of two NPDSCHs may be 2560*2 = 5120ms.


[bookmark: _Ref20753036]Observation 6: In Rel-16, two continuous NPDSCHs scheduled by one DCI may block the DL channel in case .
To solve this issue, three options can be considered:
· Option 1: Configure smaller  than actual need
· Option 2: Configure larger  than actual need
· Option 3: Use another gap threshold for NPDSCH.
For option 1, it is not good for NPDCCH. NPDCCH does not need DL gap originally since NPDCCH duration is not increased for multi-TB scheduling. If option 1 is used, then there will be more gaps than actual need. It will cause resource fragmentation.
For option 2, the number of repetition for NPDCCH candidates is derived from Rmax, i.e. Rmax/8, Rmax/4, Rmax/2, Rmax. Configuring larger Rmax than actual need will be a waste of downlink resource. And a lot of higher layer timer is in units of NPDCCH period. NPDCCH period is calculated based on Rmax. Configuring larger Rmax than actual need will cause unnecessary waiting for timer expiring.
For option 3, a new gap threshold  is configured for multiple TBs scheduling. There are no DL gaps for 2 TBs scheduled by one DCI if ，there are DL gaps otherwise. There is no impact to NPDCCH, . 
[bookmark: _Ref20752835]Proposal 5: A new gap threshold  can be configured in Rel-16.
· When one DCI schedules 2 DL TBs, there are no DL gaps for NPDSCH if Rmax< Ngap, threshold, new， otherwise there are DL gaps and NPDSCH in DL gaps is postponed.
Interleaving
In RAN1#98, it is agreed that when multiple TBs are scheduled by the DCI, the repetitions for one transport block can be either contiguously transmitted or interleaved. The following parts will focus on remaining issues of interleaving.
· Interleaving pattern. The motivation of interleaving is to get time diversity gain. And how much gain can be obtained by interleaving depends on the length of two TBs and the detailed interleaving pattern. This part considers this issue from downlink and uplink including multi-tone and single-tone.
· PAPR. In Rel-13 NB-IoT single tone OFDM signal generation, an additional phase shift is introduced to compensate the phase discontinuity caused by CP insertion to lower the PAPR. However the introduction of interleaving may have impact to this and this part will discuss this issue.
Downlink interleaving pattern
For downlink, there are two options for interleaving patterns i.e. DL-interleaving pattern#1(DL-IP#1) and DL-interleaving pattern #2(DL-IP#2) shown in figure 7. For DL-IP#1, the interleaving granularity is min{} subframes. For DL-IP#2, the interleaving granularity is *min{} subframes. The gain of interleaving compared with no interleaving case with 10% target BLER are summarized in Table 5. The simulation parameters are shown in Annex A. Note that the cyclic repetition structure is kept, i.e. min{} subframes are used for one TB transmission.
[image: ]
[bookmark: _Ref19730092]Figure 7 An illustration of DL-Interleaving pattern#1 (DL-IP#1) and DL-Interleaving pattern#2(DL-IP#2)
[bookmark: _Ref19728722]Table 5 Parameters and gain of interleaving for two DL TBs case
	TBS(bit)
	
	
	Length
()
	Gain of interleaving

	
	
	
	
	DL-IP#1
	DL-IP#2

	504
	5
	8
	40
	0.2
	0.3

	504
	5
	16
	80
	0.9
	1.0

	504
	5
	32
	160
	1.9
	1.7

	1032
	10
	4
	40
	0
	0.1

	1032
	10
	8
	80
	0.9
	1.0

	1032
	10
	16
	160
	1.5
	1.6


From Table 5, it is seen that when  ≥ 80, gain of interleaving for these two patterns can achieve ~1dB or more. Otherwise, the gain of interleaving for these two patterns is slight. In DL-IP#2, the decoding for TB1 can be started earlier than that of DL-IP#1, thus DL-IP#2 is preferred.
[bookmark: _Ref20753085]Observation 7: For two DL TB case, when  ≥ 80, interleaving can achieve ~1dB gain or more. 
[bookmark: _Ref20752841]Proposal 6: For two DL TB case, transmission is interleaved when ≥80.
[bookmark: _Ref20753096]Observation 8: For two DL TB case, DL-interleaving pattern#2 (Figure 7) with large granularity, i.e. *min{} subframes, can make UE start to decode the first TB earlier than that of pattern#1 (Figure 7).
[bookmark: _Ref20752845]Proposal 7: For two DL TB case, the interleaving granularity is *min{} subframes (i.e. one cycle). That is, one cycle of TB2 is transmitted after transmission one cycle of TB1.

Uplink interleaving pattern (multi-tone)
For multi-tone uplink, corresponding parameters and gain of interleaving are summarized in Table 6. The gain of interleaving is derived from the difference of SNR between interleaving case and no interleaving case, where target BLER is 10%.  Figure 8 is an illustration of MT-UL-interleaving pattern#1(MT-UL-IP#1) and MT-UL-interleaving pattern #2(MT-UL-IP#2). Legacy cyclic repetition structure is kept. For MT-UL-IP#1, the interleaving granularity is min{} RUs. For MT-UL-IP#2, the interleaving granularity is *min{} RUs. 
[image: ]
[bookmark: _Ref19738452]Figure 8 An illustration of MT-UL-IP#1 and MT-UL-IP#2(Multi-tone case)
[bookmark: _Ref19738432]Table 6 Parameters and gain of interleaving for two UL TBs case (Multi-tone)
	Tone number
	TBS(bit)
	
	
	Length
()
	Gain of interleaving

	
	
	
	
	
	UL-MT-IP#1
	UL-MT-IP#2

	12
	872
	10
	8
	80
	0.4
	0.2

	12
	872
	10
	16
	160
	0.9
	0.8

	12
	872
	10
	32
	320
	1
	0.9


From Table 6, it is seen that when  ≥ 160, gain of interleaving can achieve ~1dB. Otherwise, the gain of interleaving is slight. Similarly as downlink, the granularity of  MT-UL-IP#2 is larger than that of MT-UL-IP#1. Thus eNB has more decoding time for TB1 before next scheduling. So MT-UL-IP#2 is preferred.
[bookmark: _Ref20753108]Observation 9: For two UL TB case with multi-tone, when  ≥ 160, interleaving can achieve ~1dB gain. 
[bookmark: _Ref20752851]Proposal 8: For two UL TB case with multi-tone, transmission is interleaved when  ≥ 160.
[bookmark: _Ref20753116]Observation 10: For two UL TB case with multi-tone, MT-UL-interleaving pattern#2 (Figure 8) with large granularity, i.e. * min{} RUs, can make eNB start to decode the first TB earlier than that of pattern#1 (Figure 8).
[bookmark: _Ref20752855]Proposal 9：For two UL TB case with multi-tone, the interleaving granularity is min{} slots (i.e. one cycle). That is, one cycle of TB2 is transmitted after transmission one cycle of TB1.
Uplink interleaving pattern (single-tone)
For single-tone uplink, corresponding parameters and gain of interleaving are summarized in Table 7. The gain of interleaving is derived from the difference of SNR between interleaving case and no interleaving case, where target BLER is 10%.  Figure 9 is an illustration of ST-UL-interleaving pattern#1(ST-UL-IP#1) and ST-UL-interleaving pattern #2(ST-UL-IP#2). For ST-UL-IP#1, the interleaving granularity is one RU. For ST-UL-IP#2, the interleaving granularity is  RUs. 
[image: ]
[bookmark: _Ref20746594]Figure 9 An illustration of ST-UL-IP#1 and ST-UL-IP#2(Single-tone case)
[bookmark: _Ref20750093]Table 7 Parameters and gain of interleaving for two UL TBs case (Single-tone) 
	Subcarrier spacing
(kHz)
	TBS(bit)
	
	
	Length
()
	Gain of interleaving

	
	
	
	
	
	UL-ST-IP#1
	UL-ST-IP#2

	3.75
	104
	2
	1
	2
	0
	N/A

	3.75
	256
	5
	1
	5
	0.8
	N/A

	3.75
	568
	10
	1
	10
	1.0
	N/A

	15
	1032
	10
	1
	10
	0.2
	N/A

	15
	1032
	10
	2
	20
	0.8
	0.6

	15
	1032
	10
	4
	40
	1.1
	1.1



From Table 7, it is seen that when  ≥ 5 for 3.75kHz and  ≥ 20 for 15kHz, gain of interleaving is ~1dB. Otherwise, the gain of interleaving is slight. And the performance of ST-UL-IP#1 and ST-UL-IP#2 are almost the same. When repetition is one, only ST-UL-IP#1 can be used for interleaving. So ST-UL-IP#1 is preferred.
[bookmark: _Ref20753126]Observation 11: For two UL TB case with single-tone, when  ≥ 5 for 3.75kHz and  ≥ 20 for 15kHz, interleaving can achieve ~1dB gain. 
[bookmark: _Ref20752862]Proposal 10: For two UL TB case with single-tone, transmission is interleaved when  ≥ 5 for 3.75kHz and  ≥ 20 for 15kHz.
[bookmark: _Ref20753134]Observation 12: For two UL TB case with single-tone, only pattern#1 (Figure 9) with granularity of one RU can get time diversity gain when repetition number  = 1. 
[bookmark: _Ref20752867]Proposal 11: For two UL TB case with single-tone, the interleaving granularity isone RU(i.e.  slots). That is, one RU of TB2 is transmitted after transmission one RU of TB1.
PAPR
In NB-IoT, phase rotation  shown below is introduced for single tone transmission to achieve lower PAPR. The corresponding description is extracted from TS 36.211 as follows. 
	Extracted from TS 36.211
[bookmark: _Toc454818178]10.1.5	SC-FDMA baseband signal generation




For , the time-continuous signal  for sub-carrier index in SC-FDMA symbol  in an uplink slot is defined by 








for  where parameters for  and  are given in Table 10.1.5-1,  is the modulation value of symbol , and the phase rotation  is defined by



where  is a symbol counter that is reset at the start of a transmission and incremented for each symbol during the transmission.




It is seen that the phase rotation can achieve the phase continuity according to the consecutive symbol counter , thus lower PAPR can be achieved. 


For interleaving, e.g. one RU of TB2 is transmitted after transmission one RU of TB1. Based on current spec, the symbol counter is independent for each TB, so is reset at the start of each TB transmission and increased for each TB. As shown in Figure 10, several phase discontinuities at the symbol boundary between TB1 and TB2 would happen e.g. one phase discontinuity from the end of symbol #111 of TB1 to the start of the CP of symbol #0 of TB2. It will degrade PAPR performance.
[image: ]
[bookmark: _Ref20750298]Figure 10 An illustration of phase incontinuity for interleaving case

[bookmark: _Ref20753147]Observation 13: For interleaving, if the symbol counter  is reset at the start of each TB transmission, phase discontinuities at the symbol boundaries between the first TB and the second TB would occur, which will degrade PAPR.

So in order to avoid this impact, the symbol counter  should be incremented for each symbol during the whole transmission of the two TBs. Thus phase discontinuity can be avoided shown in Figure 11 (no phase discontinuity from the end of symbol #111 of TB1 to the start of the symbol of TB2), i.e. , where  is the number of scheduled TB. Thus the PAPR can be the same as legacy.
[image: ]
[bookmark: _Ref20751769]Figure 11 An illustration of phase continuity for interleaving case

[bookmark: _Ref20752876]Proposal 12: For interleaving, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
· , where  is the number of scheduled TBs.
HARQ-ACK bundling
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. 
[bookmark: _Ref20752895]Proposal 13: HARQ-ACK bundling is not supported for NB-IoT.
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 and Rel-16 UE’s power consumption.
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).
Proposal 3：For SC-MTCH multiple TBs scheduling, whether there is scheduling gaps is configured by higher layer.
Observation 3: For unicast, two main differences compared to SC-PTM are:
· HARQ operation.
· No backward compatibility issue.
Observation 4：In case of non-interleaved transmission, for 2 TBs case,  k0' depending on the length of last TB and the length of first ACK/NACK achieves higher data rate than reusing the same value as the one for legacy one TB case.
Proposal 4: In case of non-interleaved transmission, for 2 TBs case,
· k0' ∈{2, 10}for 3.75kHz and k0' ∈{2, 4, 6, 8}for 15kHz if  ≥ 12ms and ≥ 12ms
· k0' ∈{12, 20}for 3.75kHz and k0' ∈{12, 14, 16, 18}for 15kHz otherwise
Observation 5: The duration of two NPDSCHs scheduled by one DCI in Rel-16 can be longer than the duration of two NPDSCHs scheduled by two DCIs in Rel-14.
Observation 6: In Rel-16, two continuous NPDSCHs scheduled by one DCI may block the DL channel in case .
Proposal 5: A new gap threshold  can be configured in Rel-16.
· When one DCI schedules 2 DL TBs, there are no DL gaps for NPDSCH if Rmax< Ngap, threshold, new， otherwise there are DL gaps and NPDSCH in DL gaps is postponed.
Observation 7: For two DL TB case, when  ≥ 80, interleaving can achieve ~1dB gain or more.
Proposal 6: For two DL TB case, transmission is interleaved when ≥80.
[bookmark: _GoBack]Observation 8: For two DL TB case, DL-interleaving pattern#2 (Figure 7) with large granularity, i.e. *min{} subframes, can make UE start to decode the first TB earlier than that of pattern#1 (Figure 7).
Proposal 7: For two DL TB case, the interleaving granularity is *min{} subframes (i.e. one cycle). That is, one cycle of TB2 is transmitted after transmission one cycle of TB1.
Observation 9: For two UL TB case with multi-tone, when  ≥ 160, interleaving can achieve ~1dB gain.
Proposal 8: For two UL TB case with multi-tone, transmission is interleaved when  ≥ 160.
Observation 10: For two UL TB case with multi-tone, MT-UL-interleaving pattern#2 (Figure 8) with large granularity, i.e. * min{} RUs, can make eNB start to decode the first TB earlier than that of pattern#1 (Figure 8).
Proposal 9：For two UL TB case with multi-tone, the interleaving granularity is min{ 𝟒} slots (i.e. one cycle). That is, one cycle of TB2 is transmitted after transmission one cycle of TB1.
Observation 11: For two UL TB case with single-tone, when  ≥ 5 for 3.75kHz and  ≥ 20 for 15kHz, interleaving can achieve ~1dB gain.
Proposal 10: For two UL TB case with single-tone, transmission is interleaved when  ≥ 5 for 3.75kHz and  ≥ 20 for 15kHz.
Observation 12: For two UL TB case with single-tone, only pattern#1 (Figure 9) with granularity of one RU can get time diversity gain when repetition number  = 1.
Proposal 11: For two UL TB case with single-tone, the interleaving granularity isone RU(i.e.  slots). That is, one RU of TB2 is transmitted after transmission one RU of TB1.
Observation 13: For interleaving, if the symbol counter  is reset at the start of each TB transmission, phase discontinuities at the symbol boundaries between the first TB and the second TB would occur, which will degrade PAPR.
Proposal 12: For interleaving, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
· , where  is the number of scheduled TBs.
Proposal 13: HARQ-ACK bundling is not supported for NB-IoT.
[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
Table 8 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
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