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[bookmark: OLE_LINK23]Introduction
In the last RAN1 96bis meeting [1], we have the following agreements and work assumption: 
[bookmark: OLE_LINK42]Agreements in 96 bis: 
For further discussion
Which of the following features that should be possible to configure and/or use in combination with scheduling of multiple TBs
-Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
-Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
-Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
-Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
-Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
-Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
-Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
-Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
-Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
-Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
Companies are encouraged to provide their preference on this issue.
Agreement
For unicast, the UE is configured for interleaved transmission of subframe repetitions of the respective TBs separately for DL and UL via RRC signaling.
Agreement
[bookmark: OLE_LINK20]For CE mode A, HARQ ACK/NACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI], when multiple DL transport blocks are assigned by a single DCI (details FFS). If the network does not enable it, each TB has its own separately encoded HARQ ACK/NACK feedback
-FFS: Maximum bundle size
Agreement 
For the DL unicast for a UE, when multiple TBs are scheduled by one DCI, the parameter value for number of PDSCH repetitions is the same across all the TBs scheduled by that DCI, and there is only a single parameter field for number of MPDCCH repetitions and only a single parameter field for SRS request.
Agreement
[bookmark: OLE_LINK2]For scheduling of multiple TBs with SC-MTCH, the same parameter values for {MCS, resource assignment, number of repetitions} is used for all TBs.
In this document, the remaining issues would be discussed.
Multi-TBs scheduling with DCI for Multicast  
There are mainly two methods for multiple TBs scheduling in multicast, namely new DCI format and skipping DCI method. Based on this, there options similar with NB-IoT are down-selected:
Option1: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Option2: Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
Option3: Support both option1 and option2.
Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs. From the perspectives of flexibility and network overhead, we give the following analysis.
Compared with new DCI method, the number of TBs during an SC-MCCH scheduling period in skipping DCI method needs to stay unchanged, which limits the scheduling flexibility, which is shown in the following figure. 
[image: 1mtc]
Figure 1. Flexibility comparison between option1 and option2
From Figure 1, we can see, on one hand, the burst transmission is not appropriate for the option2 because of the limited flexibility. On the other hand, in the SC-MCCH period, the resource location is predefined, which would be affected by the occupied resources. Besides, the limited scheduling flexibility may cause the long transmission, which cause the power consumption and lower data rate. 
As for the point that option1 increases the network overhead, we should notice that additional one DCI is acceptable and it reduces the power consumption for R16 UE. Additionally, considering that multicast services with R14 and R15 feature have not been deployed yet, option1 has little impact on the network. Therefore, new DCI method is preferred to schedule multi-TBs for multicast system especially for R16 UE.
From the above analysis about the comparison between option1 and option2, we can draw the following observation:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.
Some contributions suggest that both option1 and option2 can be supported. However, the functions of the two methods are somewhat duplicated. Therefore, the introduction of two options, which may cause the greater complexity, is unnecessary. Moreover, in order to provide the multicast service for legacy UE and avoid resources waste, RAN2 intends to support separate/shared SC-MTCH segments and option 1 is more suitable for case of separate SC-MTCH segments.
Proposal 1: New DCI format can be considered to indicate the multi-TBs scheduling for multicast.
In order to provide the multicast service for legacy UE and avoid resources waste, the SC-MTCH segments should be reused at least. If the gap is defined as time domain length between two adjacent TBs, the MPDCCH and scheduling delay of the legacy UE can be considered as a special gap for R16 UE, which is shown in Figure 2. Considering that the R14 UEs with multicast services have not been deployed. Continuous transmission for R16 UE helps improve transmission efficiency. Therefore, gap can be 0 or other value.
[image: 4mtc]
Figure 2. Gap for R16 UE and legacy UE
Proposal 2: Gap should be supported for multi-TBs scheduling in multicast and details FFS. 
The same parameter values for {MCS, resource assignment, number of repetitions} is used for all TBs and the maximum number of TBs is 8 for multicast. Additional 3 bits in DCI can be used to indicate the scheduling information of 8 TBs.
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
Multi-TBs scheduling with DCI for unicast
 Interleaving 
[bookmark: OLE_LINK12]3.1.1 Interleaving granularity without hopping feature
Interleaving and continuous transmission are supported and eNB configures among them. If the eNB configures the interleaving and interleaving is enabled, the definition of interleaving granularity should be clarified. Similar with the hopping rule, the interleaving granularity is agreed to be based on the subframe repetitions.
1) [bookmark: OLE_LINK11]Interleaving method for CE mode A 

According to the legacy RV method, for BL/CE UEs, the PUSCH transmission spans [image: ] consecutive subframes including non-BL/CE subframes where the PUSCH transmission is postponed. For the [image: ] block of [image: ]consecutive subframes within the set of [image: ] subframes, the redundancy version (rvidx) is determined according to Table 7.1.7.1-2 using . We can give the following figure as reference.
[image: 10]
Figure 3. RV cycling in single TB case for CE mode A
When multi-TBs scheduling feature was configured, the transmission performance would be affected by RV cycling with the different interleaving granularity, which is shown in the following figure.
[image: 11]
Figure 4. RV cycling for multi-TBs interleaving for CE mode A
We can see that, keeping the RV cycling method unchanged, the interleaving granularity should be no less than 4 subframe repetitions. If the interleaving granularity is 1 or 2, the full RV gain can not be obtained for each TB.
Proposal 4: For CE Mode A, the interleaving granularity should be no less than 4 subframe repetitions.
2) Interleaving method for CE mode B
Similar with CE mode A, the legacy repetition cycling can be described as:
[image: 13]
Figure 5. Legacy repetition cycling for CE mode B
When multi-TBs scheduling feature was configured, the problem would be caused by the legacy repetition cycling, which is similar with CE mode A.
[image: 14]
Figure 6. Different interleaving granularity for RV cycling for CE mode B
We can see that, keeping the RV cycling method unchanged, the interleaving granularity should be no less than 16 subframe repetitions. If the interleaving granularity is 4 or 8, the full RV gain can not be obtained for each TB. Therefore, in order to obtain the full RV gain and less specification efforts, we have the proposal:
Proposal 5: For CE Mode B, the interleaving granularity should be no less than 16 subframe repetitions.
3.1.2 Interleaving granularity with hopping feature
On one hand, the interleaving granularity is based on the subframe repetitions. For the same repetition number, smaller granularity means more interleaving scenarios, because of the fact that the repetition number must be equal or larger than the interleaving granularity. On the other hand, smaller granularity can obtain more time diversity. Therefore, we have the observation.
Observation 2: The smaller interleaving granularity, the more time diversity gain and interleaving scenarios.
According to the simulation results in tdoc [2], the feature of interleaving has the SNR gain even if the hopping is enabled. Therefore, hopping can be supported when interleaving is configured by RRC. For the DCI enabling hopping case and disabling hopping case, the illustration is shown in Figure 7
[image: hopping]
Figure 7. Interleaving granularity for DCI enabling hopping case and disabling hopping case 
From the figure, for the hopping enabled case as example, the granularity should be no less than 8 subframes, because the narrowbands should be traversed. For the hopping disabled case, the granularity is the same as hopping enabled case, which would reduce the time diversity gain compared with setting the smaller granularity as 4 subframes.
Observation 3: For the hopping disabled case, the interleaving granularity can be smaller than hopping enabled case.
The interleaving granularity is agreed to be configured by semi-static RRC. However, from the observation 2 and 3, we can know that the interleaving granularity should be different between hopping case and non-hopping case. More specifically, the interleaving granularity configured for non-hopping case should be changed into the product of the narrowbands number and the configured granularity for non-hopping case, where non-hopping means that RRC configures the hopping feature and DCI disables it, or RRC does not configure the hopping feature.
Observation 4: The interleaving granularity configured by semi-static RRC limits the interleaving performance because of the dynamic hopping method.
Additionally, the following case should be avoided.
[image: 6mtc]
Figure 8. The problem of traversing the narrow bands
From Figure 8, we can see that the selection of interleaving granularity may cause the problem of traversing the narrow bands, which means that for example, TB1 cannot obtain the frequency diversity gain. The performance should not be affected when introducing the interleaving feature. Therefore, 
Observation 5: If the interleaving granularity is less than the product of the number of narrowbands and hopping granularity, the full gain by traversing the narrow bands for 1 TB would be affected.
Proposal 6: When hopping and interleaving feature are configured, in order to obtain the full frequency diversity gain by hopping, actual interleaving granularity can be the product of narrowbands number and interleaving granularity configured for non-hopping case.
--For non-hopping case, the narrowbands number is 1.
3.1.2 Interleaving triggering
The purpose of interleaving is to obtain the time diversity, and the interleaving performance is mainly affected by the granularity and the total length of multi-TBs in time domain. 
If the total length of time domain is short, the SNR gain is hard to obtain and the higher complexity and power consumption are expected based on result from [3]. Therefore, from the perspectives of time diversity gain, complexity and power consumption, the interleaving triggering should be dynamic and based on the total length of multi-TBs in time domain, which means that the interleaving should not be enabled when the total time domain length is short, even if the RRC configures this feature.
Specifically, the total length of multi-TBs is decided by the number of repetitions and the number of multi-TBs. The triggering method should be based on the number of repetitions and the number of multi-TBs. For example, when the product of the repetition number and the TBs number is less and equal to threshold, e.g.,the threshold is set as 16, the repetition number is 4/2 and the TBs number is 2/4, there is no need to enable interleaving, because enabling interleaving may bring no SNR gain and cause the higher complexity and power consumption.
Proposal 7: The triggering of interleaving should be based on the number of repetitions and the number of multi-TBs
--Interleaving will be triggered, if the product of the number of repetitions and the number of multi-TBs is larger than the threshold.
 Time domain location
For the continuous allocation case supported in last meeting, there is no added gap, which brings about more compact resource allocation and higher utilization. For the discontinuous allocation, time diversity gain may be achieved via adding the gap. While the drawback of discontinuous allocation is that it would cause resource fragmentation and reduce the data transmission rate, which is shown in Figure 9.
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Figure 9. Continuous and discontinuous allocation
For the continuous allocation case, the data transmission time is T1. After adding the gap, transmission time changes T2. Data transmission rate is dropped by twenty-five percent. Moreover, the longer transmission time caused by adding the gap, the larger UE power consumption. Also, the more flexible gap means the larger DCI size and higher eNB scheduling complexity. Therefore we have the following observation.
Observation 6: Transmission gap would cause lower data rate and larger DCI size, which leads to higher UE power consumption and eNB scheduling complexity.
Additionally, adding the gap would cause the fragmentation of continuous resources. The resource allocation of Rel-16 UE is unknown to the legacy UE, so the resource for legacy UE only can be scheduled in the gap, which would affect the legacy UE coverage.
Observation 7: Adding transmission gap would increase of resource fragmentation and have negative effects on the legacy UE coverage.
In fact, for the purpose of time diversity, as resources are difficult to transmit continuously because of the invalid subframe, which includes the resources occupied by the SIB, MIB or other channels. These invalid subframes can be used to gain time diversity.
Observation 8: Resources occupied by invalid subframes can be used to obtain time diversity gain.
In order to reduce the UE monitoring time, save UE power consumption, keep the higher resource utilization and lower DCI overhead, we propose that
Proposal 8: For unicast multi-TBs scheduling, gap should not be supported.
 HARQ process
For CE mode B, the maximum number of TBs is 4, bitmap method can be used to indicate the HARQ process scheduling. 
Proposal 9: For CE mode B, bitmap method should be the baseline to indicate the HARQ processes.
For CE mode A, the maximum number of TBs is 8, if bitmap is used to indication HARQ process, the overhead is significant.. The minimum overhead for 8 HARQ process indication should be at least 4 bits, since at least single HARQ process (8 states) and 8 HARQ processes (1 state) should be supported. 
The reason to support all single single HARQ process scheduling is simple since the retransmission of each individual HARQ process is inevitable. Additionally, 8 HARQ processes transmission should be supported since this will achieve maximum scheduling saving. Therefore, we have the following proposal:
Proposal 10: At least 9 states, including 8 states for single HARQ process and 1 state for 8 HARQ processes, should be indicated for multi-TBs scheduling in CE mode A.
From the above proposal, at least 4 bits are needed to schedule HARQ processes. For the 4 bits scheme, 16 states can be used to schedule 8 HARQ processes and 9 states, including 8 states for single HARQ process and 1 state for 8 HARQ processes, should be supported. The 7 states left are used to schedule a subset of all possible 2, 3, and 4,5,6,7 HARQ processes. It is evident that the scheduling flexibility is poor. Therefore, the 4 btis scheme is not preferred.
In fact, the tradeoff of scheduling flexibility and DCI overhead should be considered when deciding the total bits used. It has been observed that 6 or more bits could negatively impact the receiver performance in certain channel conditions. Therefore 5bits is a preferred choice.
To reduce indication overhead, group bitmap can be used where two consecutive HARQ processes can be combined to one bit and indicated together. In this way, all the even number of HARQ process combination can be indicated with 4 bits. Note 4 bits can also be used to indicate some odd number of HARQ process combination, if we limit the HARQ process number to be consecutive. To differentiate the two case, 1 bit should be added to switch between the two cases. Altogether, 5 bits are needed. This is summarized in Table 1, and the detailed indication scheme is in the appendix.
Table 1.  5 bits scheme for scheduling 8 HARQ processes
	5 bits scheme
	1 bit  
	4bits  

	

Method interpretation
	1
( even number of HARQ processes )
	Group bitmap: 2,4,6,8 HARQ processes
(combine 2 HARQ processes as a group and every group corresponds to 1 bit)

	
	0
(odd number of HARQ processes)
	1,3,5,7 HARQ processes
(consecutive HARQ processes)


[bookmark: OLE_LINK5]Proposal 11: The number of DCI bits for HARQ process indication in CE mode A should be discussed first. It is proposed to use 5 bits for this purpose. 
 Schedule repetitions
There are 3 options mentioned in the meeting to schedule repetitions, and they are described as follows:
1. scheduling of initial and retransmission TBs within one DCI
2. scheduling of initial TBs within one DCI, and retransmissions with one DCI
3. scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI
The drawback of option 3 is limited savings of PDCCH overhead. Moreover, the additional delay of TB transmitted ahead will be introduced compared with other methods. Option 2 saves the PDCCHs most and the DCI overhead can be the focused concern.
Observation 9: Mixed scheduling save the PDCCHs most compared with other options.
For mixed scheduling, each process has 3 states: retransmission, new transmission, and no transmission. Obviously, mixed scheduling can save more MPDCCH, however, it may cause larger DCI size. For CE mode B, the maximum overhead based on bitmap method is 7 bits. For CE mode A, the total states is 3^8-1=6560, where 13 bits is needed in total. Many companies have shown the concerns about the DCI overhead. However, we can limit the flexibility of mixed scheduling to control the DCI overhead. 
More specifically, 1 more bit can be introduced to support the mixed scheduling. We give the scheme of mixed scheduling in CE mode B as an example: 4 bits are used to indicate the HARQ process by the bitmap method. 2 bits NDI are used to indicate the mixed scheduling scheme. If X (X<=4) processes are scheduled, divide it into 2 groups. 2 bits NDI are corresponding to the two groups, and each group including 2 HARQ processes corresponds 1 bit NDI.
Observation 10: Mixed scheduling can be realized by increasing 1 more bit.
Proposal 12: Mixed scheduling should be supported to save more PDCCHs for unicast.
Some concerns about the RVs should be clarified, when mixed scheduling was supported. Similar with NB-IoT system, we can keep the same overhead as baseline. Therefore, mixed scheduling would not introduce more overhead except that the NDI field. More specifically, for downlink, RV can be indicated for retransmission and the RV of initial TB can be fixed, because the DCI missing can be detected by the DTX of ACK/NACK for the downlink. For uplink, RV can be simply viewed as the common parameter without the mechanism of the DTX of ACK/NACK. 
Proposal 13: the overhead of RV field keeps the same with the legacy
-For uplink, RV can be the common parameter
-For downlink, if mixed scheudling was supported, RV of retransmitted TB is indicated in DCI and new TB is fixed. Otherwise, RV can be the common parameter.
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] Feedback
3.5.1 Bundling feedback mechanism
[bookmark: OLE_LINK21][bookmark: OLE_LINK37][bookmark: OLE_LINK22]HARQ ACK/NACK feedback bundling on PUCCH can be enabled or disabled by [RRC and/or DCI]. Obviously, DCI indication would cost the DCI size which is sensitive especially for multi-TBs scheduling case. Therefore, HARQ ACK/NACK feedback bundling on PUCCH should be enabled or disabled by RRC.
Proposal 14: HARQ ACK/NACK feedback bundling on PUCCH should be enabled or disabled by RRC.
Interleaving can smooth out the channel’s effect on each TB. In other words, the performance of multiple TBs is almost the same. Based on this, bundling can be considered to support the interleaving transmission. For the non-interleaving case, especially for CE mode A, the maximum number of TBs is 8 and the error probability achieves about 0.57 based on the TB success probability 90%. Therefore do not support bundling when non-interleaving feature was configured.
Proposal 15: Do not support bundling for FDD UE if UE configures non-interleaving.
As for the bundle size, it can be equal to the TBs number when interleaving enabled, because Interleaving can smooth out the channel’s effect on each TB and the performance of multiple TBs is almost similar. Therefore,  
Proposal 16: Bundle size is equal to the TBs number, when interleaving was enabled.
Additionally, the timing relationship between PDSCH and bundling feedback can be based on the last TB. And the relationship can be the same as the single TB case.
Proposal 17: The timing relationship between PDSCH and bundling feedback should be based on the last TB and can be the same as the single TB case.
3.5.2 ACK/NACK resource for individual feedback
Individual feedback for downlink transmission can be divided into 2 types: continuous feedback and separate feedback.
· Continuous feedback means that continuous uplink resource transmission starts at the K-th subframe position after the end of multi-TB scheduling
· Separate feedback means that separate feedback for each TB starts at K-th subframe position after the end of corresponding TB.
[bookmark: OLE_LINK6]For the HD-FDD UE, separate feedback would generate more switching subframes, which cause the resource waste and power consumption increasing. Continuous feedback can help save the switching subframes, which is more appropriate for HD-FDD UE.
For FDD UE, separate feedback would not affect the resource utilization, and it helps the eNB preparing the next transmission. Therefore, separate feedback can be supported.
Proposal 18: For the individual feedback
---Separate feedback can be supported for FDD UE.
--Continuous feedback can be supported for HD-FDD UE.
R14/R15 features
Some features in R14 and R15 should be discussed in this meeting. We give the detailed analysis as follows
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
·  Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
Feature for 2984 bits max UL TBS is related to the TBS determination, and the related fields in DCI is agreed to be the common parameters. Features for 5 or 20 MHz are related to the resource allocation, and the related fields are also common for scheduled TBs. As for the flexible starting PRB, this feature decides the starting PRB and would not affect the multi-TBs scheduling. Feature for 64QAM for non-repeated PDSCH can also be supported, because the repetition number is common parameter and it has not any other impacts. Dynamic HARQ-ACK delay in Rel-14 for HD-FDD in CE mode A is based on the bundling feature. It does not need additional specification efforts. 
Therefore, the above features would not increase the specification efforts and have not impacts on DCI design. These features can be supported.
As for the following features, the decision should be made after the discussion. 
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A.
New numbers of repetitions means the new set of repetition factors is {1, 2, 4, 8, 12, 16, 24, 32}. For the multi-TBs scheduling, the repetition number is the common parameter. However, for the interleaving case, the interleaving granularity is based on the subframe repetitions. If the interleaving granularity is 8 and the repetition number is 12, it would affect the interleaving pattern. Modulation restrictions would not have the impact, because the MCS is common parameter.
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
For the sub-PRB case, multi-TBs scheudling also can be introduced to reduce the PDCCHs. Considering that the interleaving feature was supported, we need further discuss.
TB based scheduling for sub-PRB means that one TB may include multiple RUs or multiple subframes. The maximum number of subframes for one RU is 8, and the minimum number of subframes for one RU is 2, which are shown in the following figure 


Figure 10. RU definition for sub-PRB allocation
At the same time, for CE mode A, the RUs number can be from the set {1,2,4}. For CE mode B, it is the set {2,4}. Therefore, the minimum length of 1 TB is 2 subframes and the maximum length is 32 subframes.
If the interleaving granularity is semi-statically configured as subframes repetition by RRC, it differs with PRB case and it would reduce interleaving gain compared with dynamic granularity configuration, because the length of RU in time domain is dynamic. For example, if the interleaving granularity is configured by RRC as 8 subframes and the length of a TB for sub-PRB case is 16 subframes at this moment. However, maybe the smaller granularity has better performance or the dynamic RU length may cause the length of a TB turning into 4 subframes, which means it is not appropriate to use the same granularity 8 subframes. Therefore, the sub-PRB case for multi-TBs scehduling should be further discussed.
Proposal 19: The interleaving granularity design should be based on the length of TB for sub-PRB case.
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
Early termination can be introduced to save uplink resources. However, the interleaving case and non-interleaving case should be separately discussed.
For the non-interleaving case, the early termination can be used to end the current TB transmission. However, for the interleaving case, it is more appropriate to end transmission of scheduled TBs. Therefore, this feature can be supported and should be discussed in different cases.
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A,
Obviously, introducing multi-TBs scheduling feature can help save more MPDCCHs for 10 downlink HARQ processes. However, it should be noticed that the feature of 10 HARQ would have an impact on the DCI design, especially for the HARQ processes scheduling. 
For CE mode A, we agreed that the maximum HARQ processes number is 8. If 10 HARQ processes are supported for multi-TBs scheduling, it would increase the DCI size further. Therefore, this feature can be supported, but the maximum HARQ processes number should be no less than 8.
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A. 
Bundling was supported in 96bis meeting, however, it is a little different with the feature on HARQ-ACK bundling in HD-FDD, because the maximum number of HARQ processes is 4 in R14. Therefore, the maximum number of HARQ processes for bundling should be decided.
Proposal 20: All the above features can be supported, and the details should be specified especially for following features
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A.
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A,
·  Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A. 

Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following observations and proposals:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.
Observation 2: The smaller interleaving granularity, the more time diversity gain and interleaving scenarios.
Observation 3: For the hopping disabled case, the interleaving granularity can be smaller than hopping enabled case.
Observation 4: The interleaving granularity configured by semi-static RRC limits the interleaving performance because of the dynamic hopping method.
Observation 5: If the interleaving granularity is less than the product of the number of narrowbands and hopping granularity, the full gain by traversing the narrow bands for 1 TB would be affected.
Observation 6: Transmission gap would cause lower data rate and larger DCI size, which leads to higher UE power consumption and eNB scheduling complexity.
Observation 7: Adding transmission gap would increase of resource fragmentation and have negative effects on the legacy UE coverage.
Observation 8: Resources occupied by invalid subframes can be used to obtain time diversity gain.
Observation 9: Mixed scheduling save the PDCCHs most compared with other options.
Observation 10: Mixed scheduling can be realized by increasing 1 more bit.

Proposal 1: New DCI format can be considered to indicate the multi-TBs scheduling for multicast.
Proposal 2: Gap should be supported for multi-TBs scheduling in multicast and details FFS. 
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
Proposal 4: For CE Mode A, the interleaving granularity should be no less than 4 subframe repetitions.
Proposal 5: For CE Mode B, the interleaving granularity should be no less than 16 subframe repetitions.
Proposal 6: When hopping and interleaving feature are configured, in order to obtain the full frequency diversity gain by hopping, actual interleaving granularity can be the product of narrowbands number and interleaving granularity configured for non-hopping case.
--For non-hopping case, the narrowbands number is 1.
Proposal 7: The triggering of interleaving should be based on the number of repetitions and the number of multi-TBs
--Interleaving will be triggered, if the product of the number of repetitions and the number of multi-TBs is larger than the threshold.
Proposal 8: For unicast multi-TBs scheduling, gap should not be supported.
Proposal 9: For CE mode B, bitmap method should be the baseline to indicate the HARQ processes.
Proposal 10: At least 9 states, including 8 states for single HARQ process and 1 state for 8 HARQ processes, should be indicated for multi-TBs scheduling in CE mode A.
Proposal 11: The number of DCI bits for HARQ process indication in CE mode A should be discussed first. It is proposed to use 5 bits for this purpose. 
Proposal 12: Mixed scheduling should be supported to save more PDCCHs for unicast.
Proposal 13: the overhead of RV field keeps the same with the legacy
-For uplink, RV can be the common parameter
-For downlink, if mixed scheudling was supported, RV of retransmitted TB is indicated in DCI and new TB is fixed. Otherwise, RV can be the common parameter.
Proposal 14: HARQ ACK/NACK feedback bundling on PUCCH should be enabled or disabled by RRC.
Proposal 15: Do not support bundling for FDD UE if UE configures non-interleaving.
Proposal 16: Bundle size is equal to the TBs number, when interleaving was enabled.
Proposal 17: The timing relationship between PDSCH and bundling feedback should be based on the last TB and can be the same as the single TB case.
Proposal 18: For the individual feedback
---Separate feedback can be supported for FDD UE.
--Continuous feedback can be supported for HD-FDD UE.
Proposal 19: The interleaving granularity design should be based on the length of TB for sub-PRB case.
Proposal 20: All the above features can be supported, and the details should be specified especially for following features
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A.
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A,
·  Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A. 
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Appendix
01 mean that the HARQ process 0 and process 1 are scheduled. 
0145 means that the HARQ process 0, 1, 4 and 5 are scheduled.
There are 31 states in the table, and 1 state left can be used to schedule 5 TBs or others.
Table 2. Example of 5 bits DCI indication 
	The first bit indication
	DCI indication
	schedule HARQ processes

	1
( even number of HARQ processes )
	10001, 10010, 10100, 11000
	01, 23, 45, 67

	
	10101, 11001, 10110, 11010, 11100, 10011
	0145, 0167, 2345, 2367, 4567, 0123

	
	11110, 11101, 11011, 10111
	234567, 014567, 012367, 012345

	
	11111
	01234567

	0
(odd number of HARQ processes)
	00001, 00010, 00100, 01000, 01110, 01101, 01011, 00111
	0, 1, 2, 3, 4, 5, 6, 7

	
	00101, 01001, 00110, 01010, 01100, 00011
	012 123 234 345 456 567

	
	01111
	01234  

	
	00000
	01234567
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