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[bookmark: OLE_LINK23]Introduction
In the last RAN1 94 [1] and 94bis meeting [2], we have the following agreements and work assumption: 
Agreements in 94
· For unicast, scheduling multiple DL/UL transport blocks with single DCI is supported.
· One DCI to schedule multiple TBs for SC-MCCH is not 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
Agreements in 94bis
· The UE should only monitor one DCI size in the UE specific search space.
· [bookmark: OLE_LINK3]Individual feedback for each HARQ process is supported. 
FFS if HARQ bundling/multiplexing can be optionally supported.
· 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.
Working Assumption in 94bis
· For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
RAN2 agreement in 94bis
SPS is not supported for NB-IoT in Release 16. Enhancements for “SR with SPS for BSR” can be considered
This contribution discusses the remaining issues in NB-IoT.
Multi-TBs scheduling with DCI for Multicast  
 Multi-TBs scheduling with DCI
1) Multi-TBs scheduling for multicast
In order to provide the flexible multi-TBs scheduling in multicast, the new DCI format can be considered and the control information for multi-TBs scheduling is indicated in the new DCI.
[image: 多TB调度]
Figure 1. New DCI format for Multi-TB scheduling in multicast
In Figure 1, the control information, e.g., the number of TBs, MCS and resource allocation, etc, is indicated by the NPDCCH for multi-TBs scheduling. For R16 UE, the scheduling information can be decoded by only monitoring the NPDCCH for multi-TBs scheduling. The legacy UE decode the NPDCCH with the legacy way. Adopting the new DCI to indicate the multi-TBs scheduling can keep the compatibility for legacy UE and provide the scheduling flexibility.i.e., compared with SC-MCCH in Figure 2, DCI can be more flexible to indicate multi-TB scheduling information and the flexibility problem is shown in the following figure

[image: SC-MCCH for multiicast]
Figure 2. SC-MCCH for Multi-TB scheduling in multicast
In Figure 2, the number of TBs should be indicated in the SC-MCCH. The other parameters like MCS, resource allocation are indicated by the first NPDCCH. Within one SC-MCCH scheduling time, the number of multiple TBs should be kept the same. The number of multiple TBs can not be changed until next SC-MCCH information. Therefore, the indication by SC-MCCH is limited to the scheduling of the SC-MCCH . It is proposed that :
Proposal 1: New DCI format can be considered to schedule multi-TBs for multicast.
At the same time, we should notice that interleaving should not be supported in multicast because of the compatibility problem.
Proposal 2: Interleaving should not be supported for multicast.
2) The maximum number of TBs
HARQ is not supported in multicast and there is no buffer requirements for UE. In order to save the NPDCCH number, larger number for multi-TBs scheduling can be considered, e.g., 8 and 16,etc.
Proposal 3: The maximum number of TBs for multicast can be 8 or 16.
Multi-TBs scheduling with DCI for unicast
 Frequency and time domain location
[bookmark: OLE_LINK29]For the downlink transmission in NB-IoT, the frequency domain location is the same for all the TBs because of the same resource unit type. However, for the uplink transmission, the RU for multiple TBs can be located on the different frequency subcarrier because of the different type of RU. Actually, there is no obvious frequency diversity gain because they are within the same narrow band. Furthermore, the different type RU for multiple TBs would bring the common parameters problem, for example the MCS should be indicated separately because of the different frequency subcarrier. Therefore it is preferred that the resource frequency location can be set as the same for multi-TBs scheduling. 
Proposal 4: For multi-TBs scheduling, the frequency location for each TB shall be the same.
There are two potential solutions of time domain location for multi-TBs scheduling, i.e. continuously and discontinuously (with gap).
For the continuous allocation, there is no added gap, which means the compact resource allocation and high utilization. For the discontinuous allocation, the time diversity gain can be achieved because of adding the gap. While the drawback of discontinuous allocation is that it would cause the resource fragmentation problem and reduce the data transmission rate, which is shown in Figure 3.
[image: datarate 1]
Figure 3. Continuous and discontinuous allocation
For the continuous allocation case, the data transmission time is T1. After adding the gap, transmission time turns to be T2. Data transmission rate is dropped by twenty-five percent and two resource fragments are caused after adding gap. Moreover, the longer transmission time caused by adding the gap brings the larger UE power consumption, because the monitoring time becomes longer. Also, the more flexible gap means the larger DCI size and higher eNB scheduling complexity. Therefore we have the following observation.
[bookmark: OLE_LINK30]Observation 1: Transmission gap would cause lower transmission rate and larger DCI size, which brings the 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 2: Adding transmission gap would cause increase of resource fragmentation and negative effects on the legacy UE coverage.
In order to reduce the UE monitoring time, save UE power consumption, keep the higher resource utilization and lower DCI overhead, we propose that the time domain location should be continuous.
[bookmark: OLE_LINK31]Proposal 5: For unicast multi-TBs scheduling, continuous resource allocation should be supported. 
[bookmark: OLE_LINK13] The number of multiple TBs
1) Soft buffer size
Work assumption: For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
Obviously, the characteristics, low power consumption and low cost of NB-IoT UE, will be affected by increasing the buffer size. So the work assumption should be confirmed.
Proposal 6: Confirm the following work assumption
---For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
2)The number of HARQ processes
For the downlink transmission, more HARQ processes would cause increasing the UE buffer, because UE should cache soft bit data for decoding. 
For the uplink transmission, 4 HARQ processes would also affect the UE cache. Whether it is in the physical layer or the Mac layer cache 4 process scheduling data, compared to the original 2 processes, its cache overhead would increase. Without increasing the cache, we discuss whether it is necessary to increase the number of processes. The maximum data for category NB2 UE per multi-TBs scheduling is 2 TB with maximum TBS. If 4 HARQ processes are used to transmit 4 smaller TB, the more MAC head cost and less coding gain will be caused. Therefore, there is no need to use smaller TBs to transmit the large data instead of using 2 larger TB.
Proposal 7:For the downlink/uplink transmission in Rel-16 NB-IoT, the number of HARQ processes should not increase.
3) Number of TBs for a single HARQ process
For multi-TBs scheduling in NB-IoT, the number of TBs for a single HARQ process can be decided by the following two options:
· Option 1: Each TB corresponds to a unique HARQ process.
· Option 2: Multiple TBs corresponds to a unique HARQ process.
From the perspective of cost control and power consumption for NB-IoT equipment, the buffer corresponding to a HARQ process should not be increased. Therefore, if multiple TBs corresponds to a unique HARQ process, the total size of multiple TBs should be limited to a HARQ buffer size. Moreover, as discussed above, there is no need to use smaller TBs to transmit the large data instead of using 2 larger TB, because it would cause more MAC head cost and less coding gain. 
Proposal 8: Each TB corresponds to a unique HARQ process.
 Interleaving 
1) Elements of interleaving 
The gain of multi-TBs Interleaving is decided the number of consecutive subframes for each TB in the interleaved block and the total repetition times. We give the Figure 4 as follows
[image: 2]
Figure 4. Elements of interleaving 
2) Interleaving analysis in NB-IoT
Interleaving brings time diversity gain by smooth out the channel’s effect on each TB. However, if the repetition number is large enough so that every TB can experience all channel changes, or if the repetition number is very small so that the joint estimation performance of the TB in the interleaved block is not good, interleaving would have little effects. This is because for the first scenario time diversity gain is already captured during repetition, while for the second scenario there is no way to capture time diversity gain. 
Note the individual feedback for downlink TB has been supported in the last RAN1 meeting, which indicates all the TBs’ transmission state specifically. Individual feedback is mainly to enable the different status of each TB transmitted, so the unsuccessful TB can be retransmitted. The feedback information for the uplink scheduling is indicated by the UL Grant, and the transmission status for each TB will also be indicated specifically.
Observation 3: The benefit of individual feedback is it can feedback transmission state of each TB scheduled. 

However, interleaving requires that each TB is evenly distributed in the time domain, which causes the transmission situation among multiple TBs more similar. The probability of success or failure of all TB transmissions could be higher, which is shown in Figure 5. Therefore, adopting interleaving negates the benefit of individual feedback.
[image: interleaving drawback]
Figure 5. Interleaving and non-interleaving effected by the interference
Observation 4: Interleaving reduces the benefit of individual feedback.
Last, interleaving needs higher requirements for data processing capability. The more TBs are supported, the higher the UE cross-processing capability requirements and the higher the processing cache requirements. For example, 2 TBs processing cache for interleaving in uplink are necessary for 2 HARQ process multi-TBs scheduling, but 1 TB processing cache for non-interleaving is enough.
Observation 5: Interleaving requires larger processing buffers.      
Proposal 9: interleaving should not be supported for unicast.
 Mixed scheduling and non-mixed scheduling
For non-mixed and mixed traffic scheduling, the DCI design involved are mainly NDI field, HARQ process field and  RV version.
1) Non-mixed scheduling
Non-mixed scheduling means the scheduled TBs are either new transmission or retransmission. For the non-mixed scheduling case, NDI field only needs 1 bit to indicate the transmission state, retransmission or new transmission shared for all TB. e.g., the number of HARQ processes is 2, if the bitmap method is used to indicate the process state and 1 bit NDI field is used to indicate the transmission state, 3 bits are in totally needed. As for the RV indication for NPUSCH in DCI format N0, the RV field indication is shared for two HARQ processes. Therefore, 1 bit is enough to indicate all the TBs’ transmission status.
2) Mixed scheduling
Mixed scheduling means the new transmission TB and the retransmission TB can be scheduled by one DCI. e.g., mixed scheduling case for 2 HARQ processes is simple. NDI field and HARQ process field can be indicated separately. i.e., bitmap method with 2 bits can be used to indicate the HARQ process and 2 bits of NDI indication can be used for each TB. 4 bits in totally are needed for mixed scheduling for 2 HARQ processes. Furthermore, we can consider joint indication to reduce the overhead to 3 bits.
As for the RV indication, a available options is described as follows: If the new transmission and retransmission TB are scheduled in one DCI, the RV for new transmission can be fixed to RV0, and the retransmission can be indicated by the RV field in DCI. If the two TBs are new transmission, the RV in DCI can be shared for 2 HARQ processes. If the two TBs are retransmission, they should be indicated by DCI. As the legacy method, 1 bit is enough to indicate the mixed scheduling RV information.
Compared with the non-mixed scheduling with 2 HARQ processes, mixed scheduling saves the MPDCCH overhead. Therefore, mixed scheduling should be considered.
Proposal 10: Mixed scheduling should be supported to save NPDCCH overhead.
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] Feedback
1) Categories and characteristics
[bookmark: OLE_LINK6]The feedback mechanism can be divided to 3 categories: bundling, multiplexing, and individual feedback. Individual feedback for each HARQ process is supported in last meeting and bundling and multiplexing is FFS. The 3 mechanisms is shown in Figure 6
[image: feedback NB]
Figure 6. Feedback mechanism in NB-IoT
For the bundling feedback, the NPUSCH format 2 resource corresponding to multiple TBs with one DCI scheduling uses 1 bit to indicate. If all the TBs transmit successfully, the feedback is ACK, otherwise is NACK. 
For the multiplexing feedback, one NPUSCH format 2 resource corresponding to 2 TBs uses 2 bits to indicate. TB1 and TB2 correspond to 2 bits feedback information. 
For the individual feedback, one NPUSCH format 2 resource corresponding to one TB uses 1 bit to indicate. This kind of mechanism has the best transmission efficiency, but the NPUSCH resources cost the most. 
1) Feedback mechanism for NB-IoT
[bookmark: OLE_LINK37]Bundling multiple HARQ processes with 1 bit feedback helps save the uplink resources. However, a TB decoding failure may cause all TBs to be retransmitted, which cause the serious resource waste and less available resources. From the perspective of effectiveness, bundling should not be supported.
Because the NB-IoT UE is half-duplex, multiplexing can be considered to save the uplink resources at high SNR. From the above figure, the uplink resource can be saved by 50 percent compared with individual feedback. Especially at high SNR, multiplexing has higher feedback efficiency and save UE power consumption.
Proposal 11: Bundling should not be supported while multiplexing can be considered for downlink transmission.
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.
For the half-duplex UE in NB-IoT, separate feedback would generate more GR subframes, which cause the resource waste and power consumption increasing. Continuous feedback can help save the GR subframes, which is more appropriate for NB-IoT UE.
Proposal 12: Continuous uplink feedback starts at the K-th subframe position after the end of multi-TB scheduling.
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: Transmission gap would cause lower transmission rate and larger DCI overhead, which brings the higher UE power consumption and eNB scheduling complexity
Observation 2: Adding transmission gap would cause increase of resource fragmentation and negative effects on the coverage of legacy UE.
Observation 3 : The benefit of individual feedback is it can feedback transmission state of each TB scheduled. 
Observation 4: Interleaving reduces the benefit of individual feedback.
Observation 5: Interleaving requires higher processing buffers. 
Proposal 1: New DCI format can be considered to schedule multi-TBs for multicast.
Proposal 2: Interleaving should not be supported for multicast.
Proposal 3: The maximum number of TBs for multicast can be 8 or 16.
Proposal 4: For multi-TBs scheduling, the frequency location for each TB shall be the same.
Proposal 5: For unicast multi-TBs scheduling, continuous resource allocation should be supported. 
Proposal 6: Confirm the following work assumption
---For UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE
[bookmark: _GoBack]Proposal 7: For the downlink/uplink transmission in Rel-16 NB-IoT, the number of HARQ processes should not increase.
Proposal 8: Each TB corresponds to a unique HARQ process.
Proposal 9: interleaving should not be supported for unicast.
Proposal 10: Mixed scheduling should be supported to save NPDCCH overhead.
Proposal 11: Bundling should not be supported while multiplexing can be considered for downlink transmission.
Proposal 12: Continuous uplink feedback starts at the K-th subframe position after the end of multi-TB scheduling.
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