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1	Introduction
In the work item description (WID) of Rel-16 enhancements for NB-IoT, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· 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 Rel14 NB-IoT, using one DCI to schedule multiple TBs in the DL in SC-PTM was discussed [2]. But due to lacking time, RAN1 did not pursue the idea. In this contribution, we discuss this issue in the scope of Rel-16 NB-IoT. 
[bookmark: _Ref178064866]2	Unicast 
In Rel14 NB-IoT, the support of 2 HARQ processes are introduced as an optional UE capability to improve the DL throughput. In the DL, the NPDCCH can only be sent in the NPDCCH search spaces which appear periodically in time. Therefore, if one DCI can be used to schedule multiple TBs, the DL resources can be saved, and the throughput can be improved. As the current NB-IoT system only supports at most 2 HARQ processes, it is only possible to use one DCI to schedule two TBs from different processes at the same time. Otherwise, the number of HARQ processes should be increased. 
As the device complexity is a concern of NB-IoT, it is not preferable to increase the number of HARQ processes. NB-IoT UE only monitors one DCI format in a given NPDCCH search space. Furthermore, due to the NB-IoT traffic can change dynamically, both in DL and UL, it is better to indicate the number of scheduled TBs dynamically in the DCI rather to let the UE to monitor two different DCI formats, one for single TB scheduling and one for two TB scheduling. 
[bookmark: _Toc521671311]To reduce the DCI monitoring effort, the number of TBs scheduled should be dynamically indicated in the DCI.
Figure 1 and Figure 2 compare the maximum NPDSCH and NPUSH throughput when 2HARQ processes are used with two TBs are scheduled by one DCI. Rel-14 scheduling restrictions are considered. From the figures we can see that when the UEs are in good coverage, there is no improving of the peak throughput if we use one DCI to schedule two TBs. This is because the starting point of the second TB can be reached by DCI2 which is in the same search space as DCI1. 
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[bookmark: _Ref521510318][bookmark: _Ref521573285]Figure 1 DL peak throughput comparisons
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[bookmark: _Ref521573293]Figure 2 UL peak throughput comparisons
[bookmark: _Ref521508301]Table 1  k0 for DCI format N1.
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[bookmark: _Ref521508303]
Table 2 k0 for DCI format N0.
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However, the benefit of using one DCI to schedule two TBs becomes obvious if a larger number of repetitions are need in the case when lots of data needs to be communicated. Table 1 and 
Table 2 shows the current scheduling delays for the DL and UL in the NB-IoT. For the DL, if the configured Rmax is less than 128, the maximum delay is 128 NB-IoT DL subframe(s). If the configured Rmax is larger than 128, the maximum delay is 1024 NB-IoT DL subframe(s). For the UL, the maximum delay is 64 subframes. Recall that in NB-IoT, the maximum number of repetitions for NPDSCH is 2048, and for NPUSH it is 128. The repetition is done in terms of NSF in NPDSCH, and NRU in NPUSCH. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc521671308]Due to the limited range of scheduling delay values a DCI can point to, the benefits of using one DCI to schedule two TBs are more obvious for UEs requires more repetitions, especially in the case when lots of data needs to be communicated, both in the DL and UL.
To be more specific and use the DL as an example, we consider 2536 bits TB needs to be repeated 16 times to reach a UE, and we assume Rmax = 16. In this case, the first TB requires 160 NB-IoT DL subframes to be transmitted. Since the maximum scheduling delay is 128, the scheme depicted in Figure 1 cannot be used. Figure 3 depicts the scheduling comparisons of this example. If 2 HARQ processes are used, we can achieve ~ 11 kbps. But if we use one DCI to schedule two TBs, we can achieve ~19 kps, which is a 70% increase in throughput. In the UL, this is more beneficial, as the maximum scheduling delay a DCI can point to is only 64. 
 


[bookmark: _Ref521512200]Figure 3 Example of DL scheduling

[bookmark: _Toc521671309]Significant throughput increase can be achieved by using one DCI to schedule tow TBs comparing to using two HARQ processes, especially for UEs in extended coverage that require more repetitions.

[bookmark: _Hlk521333799]One of the concerns raised in NB-IoT 14 for using one DCI to schedule multiple TBs is that the DCI decoding reliability is decreased due to the increase of DCI size. Therefore, more repetitions are needed to compensate it. It is better to keep the DCI size minimum. Using one DCI to schedule multiple TBSs are expected to increase the UE throughput, and the network would only use this function when there is enough data in the buffer. Furthermore, as there is limited channel quality feedback in NB-IoT, it is reasonable to assume that the multiple TBs can be of the same size and using the same MCS schemes, at least for the initial transmission. It is unlikely that the eNB would divide the TBs unevenly and using different MCS and number of repetitions, especially for stationary UEs. Therefore, it is proposed 
[bookmark: _Toc521671312]To reduce keep the DCI size minimum, the two TBs scheduled by one DCI should be of the same size and using the same MCSs and number of repetitions. 
Furthermore, in order to minimize the DCI size, if a DCI is used to schedule two TBs, then it is not necessary to have the HARQ process number any more. Instead, we can have a fixed relationship between the TBs and the HARQ processes. If the DCI only schedules one TB, then we can assume it is from HARQ process#0. For the HARQ retransmission, the eNB should indicate in the DCI which HARQ process is be retransmitted. 
In the following sections, we discuss the DL and UL aspects in more details. In the DCI, the new data indictor field can indicate whether the DCI is used for initial transmission or retransmission.
2.1	The DL aspects
In the DL, when two TBs are scheduled by one DCI, we need to consider whether there is a need to introduce flexible delays between each of the TBs or TBs are assumed to be scheduled back-to-back. Certainly, have flexible delays between each of the TBs can offer scheduling flexibility, e.g., the eNB can send DCI to scheduled UL of other UEs between two TBs. However, this associates with a higher DL overhead. For the DL, as NB-IoT supports DL gap, therefore such flexibly may not be necessary. Furthermore, as the purpose of scheduling multiple TBs is to improve the throughput, it is better to finish the transmission as quick as possible. Therefore, it is proposed that
[bookmark: _Toc521671313]In the DL when one DCI schedules multiple TBs, the TBs are send back-to-back. 
[bookmark: _Hlk521335150]In the DL, as discussed above, if multiple TBSs are scheduled in the DL, it is better to send the ACK/NACK of the each of the TBs individually in the UL. Recall that in NB-IoT FDD, an NB-IoT UE would not switch to UL until it finishes receiving the DL. Therefore, two options can be considered of how to send the feedback in the UL. Option 1 is to allocate non-overlapping NPUSCH format 2 resources for each of the TBs, and option 2 is to buddle the HARQ ACK/NACK feedbacks. The drawback of option 1 is that it may require excessive UL resources, and the signalling overhead can be significant to indicate the UL resources for the feedback. For option 2, we must introduce a new channel other than NPUSCH format 2 in the UL to carrier the buddle the HARQ ACK/NACK feedbacks. This is because NPUSCH format 2 currently is sequence based, which can only convey 1-bit information, and cover code is applied on NPUSCH format 2 to indicate scheduling requests. Certainly, we can introduce more cover codes, but the excessive possible combinations would degrade the NPUSCH format 2 performance. Therefore, it is proposed that
[bookmark: _Toc521671314][bookmark: _Hlk521335188]Introduce a new UL channel with BPSK/QPSK modulation to send bundled (single) HARQ ACK/NAK feedbacks for the DL. 
2.2	The UL aspects
In the UL, when two TBs are scheduled by one DCI, different from the DL, it is not necessary to have flexible delays between TBs, as the UL in NB-IoT is frequency division multiplexing (FDM) based. Two TBs can be send back-to-back from the UE, and only the frequency retuning gap should be considered. However, we may consider having different subcarrier allocations for different TBs. This not only gives frequency diversity gain, but also can facilitate the eNB to estimate and adjust the timing-of-arrival (ToA), especially for single tone transmission. Considering the DCI overhead, the subcarrier allocations for different TBs can be either configured via RRC signalling, or a fixed offset can be introduced in the spec. 
[bookmark: _Toc521671315]When using one DCI to schedule multiple TBs, different subcarrier allocations for different TBs can be considered in the NB-IoT UL. 

[bookmark: _Hlk521335720]In the UL, the HARQ ACK/NACK feedback is conveyed by the new data indicator filed. Therefore, the ACK/NACK feedback is simpler comparing to the DL. Together with the new data indicator filed, a filed in the DCI would further indicate which HARQ process is retransmitted. 
3	Multicast
For Sc-PtM, as it is DL only, no physical layer feedback is necessary. For SC-MCCH, as it targets all the UEs that supporting SC-PtM in a cell, using one DCI to schedule multiple TBs would cause backward compatibility problems. However, for SC-MTCH, as discussed in [2], in order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several SC-MTCH TBs at the same time. 
Apparently, due to limited DL resources, it is not reasonable to schedule a large amount of SC-MTCH TBs at the same time. Therefore, there is a trade-off between the number of SC-MTCH TBs can be scheduled simultaneously, and the NPDCCH overhead. Considering the number of available bits, and the DCI overhead, we can use 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments. 
[bookmark: _Toc521671310]In Sc-PtM, in order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several consecutive SC-MTCH TBs. 

[bookmark: _Toc521671316]We can consider using 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments. 
4	SPS enhancement
In Rel-15 NB-IoT, we only introduce UL SPS for BSR reporting with the supported of a fixed TBS of 16 bits. The SPS operation in NB-IoT can be extended to the general cases for both DL and UL. In general, after being configured with SPS via RRC, the SPS is activated via DCI, and certain parameters are conveyed via DCI. This offers the maximum flexibilities, as the SPS configurations can be modified through DCI. 
As RRC reconfiguration is not supported in NB-IoT, scheduling two TBs without DCI can be problematic, as it reduces the flexibly at the scheduler. It is not possible for the eNB to dynamically reduce the number of TBs, when there is a lacking DL or UL resource. The only choice for the eNB is to deactivate SPS. This is not a preferred solution. However, depending on the final SPS design in NB-IoT, we can further discuss whether it is necessary to introduce two TBs scheduling with or without DCI. 
[bookmark: _Toc521671317]DL SPS should be supported in Rel-16 NB-IoT. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to the limited range of scheduling delay values a DCI can point to, the benefits of using one DCI to schedule two TBs are more obvious for UEs requires more repetitions, especially in the case when lots of data needs to be communicated, both in the DL and UL.
Observation 2	Significant throughput increase can be achieved by using one DCI to schedule tow TBs comparing to using two HARQ processes, especially for UEs in extended coverage that require more repetitions.
Observation 3	In Sc-PtM, in order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several consecutive SC-MTCH TBs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	To reduce the DCI monitoring effort, the number of TBs scheduled should be dynamically indicated in the DCI.
Proposal 2	To reduce keep the DCI size minimum, the two TBs scheduled by one DCI should be of the same size and using the same MCSs and number of repetitions.
Proposal 3	In the DL when one DCI schedules multiple TBs, the TBs are send back-to-back.
Proposal 4	Introduce a new UL channel with BPSK/QPSK modulation to send bundled (single) HARQ ACK/NAK feedbacks for the DL.
Proposal 5	When using one DCI to schedule multiple TBs, different subcarrier allocations for different TBs can be considered in the NB-IoT UL.
Proposal 6	We can consider using 2 to 4 bits in the DCI to indicate the number of scheduled SC-MTCH segments.
Proposal 7	DL SPS should be supported in Rel-16 NB-IoT.
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