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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]Scheduling of multiple transport blocks with single DCI or without DCI for SC-PTM and unicast was introduced in Rel-16 NB-IoT to reduce overhead of control signaling and improve peak data rate. The feasibility and possible solutions were discussed in RAN1#97 meeting with the following agreements:
[bookmark: OLE_LINK4]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 
Agreement
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
Agreement


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  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
Agreement
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 this contribution, the design of scheduling multiple DL/UL transport blocks with single DCI for NB-IoT is discussed.
2. Discussion
2.1 Interlacing of multiple transport blocks
Interlaced transmission between multiple TBs was proposed by some companies to acquire time diversity and improve decoding performance. However, the provided simulations are only link level results and significant link level gain is only observed under high Doppler frequency. In the typical NB-IoT deployments, most UE are stationary or have low speed, thus UE will rarely suffering high Doppler frequency, and the system level gain of TB interlacing will be very marginal.
The gain of interlaced transmission depends on the number of scheduled transport blocks. Compared with MTC, in NB-IoT there are only up to 2 transport blocks can be scheduled in single DCI for unicast, therefore the gain of interlaced transmission will be further limited. 
Furthermore, one important drawback of interlaced transmission is the additional complexity of data generation, buffering and decoding. At eNodeB side, if interlaced transmission is adopted, eNodeB needs to be prepared to buffer all transport blocks simultaneously for every UE enabling this feature, which made the requirement of eNodeB buffer increase multiple times, then the eNodeB buffer will become a bottleneck of UL/DL capacity. From UE perspective, the complexity and cost are very important aspects for NB-IoT, and the trade-off between increased UE complexity and very marginal gain is unacceptable.
Therefore, it seems less attractive to support TB interlacing at expense of sacrificing network capacity and UE complexity.
Proposal 1: Interlaced transmission for scheduling of multiple transport blocks is not supported.

2.2 DCI design
No increasing of blind detection cost is agreed as a basic metric in RAN1#94b meeting that UE should only monitor one DCI size in the UE specific search space. 
In order to support fallback (to scheduling of a single transport block in one DCI), one possible solution is that UE needs to monitor both legacy and new DCI formats. Therefore, the size of new DCI format needs to be aligned to the size of at least one legacy DCI format. UE can distinguish the formats by using different search space, RNTI, or by format differentiation field that explicitly indicated in DCI. eNodeB will use both new and legacy DCI formats to schedule UL/DL transmission, thus the fallback can be supported very simply at any time. 
For the purpose of alignment with legacy DCI formats, some legacy fields could be removed or with reduced size in the new DCI format. For example, scheduling of multiple transport blocks is used for large data packet, then choosing small TBS or smaller number of subcarriers will lead to dividing the large data packet into more transport blocks, which seems unreasonable. Therefore some lower values in MCS field and resource assignment field can be removed to reduce size of the fields. Moreover, some parameters e.g. scheduling delay can be fixed or configured by RRC for the feature of scheduling multiple transport blocks, and the corresponding field is not carried in new DCI format. 
Otherwise, add 1 or 2 padding bits in legacy DCI formats to achieve the alignment between legacy and new DCI formats is also considerable. These padding bits can be reserved for potential use in future releases.
Another possible solution is, when scheduling of multiple transport blocks is enabled, UE stops blind decoding of legacy DCI formats and only detects new DCI format. Compared with co-existed legacy DCI and new formats, no restriction on DCI size due to size alignment will happen. However, with this solution it is hard to fallback to legacy scheduling, and if only one TB needs to be scheduled, the new DCI format with increased size will introduce a waste of radio resource and UE power, and then the gain of enabling scheduling of multiple transport blocks can hardly be guaranteed.
Proposal 2: Remove part of legacy values of transmission parameters to support size alignment from legacy DCI format and DCI format scheduling multiple TBs.

4. Conclusion
Based analysis above, the following observations and proposal are provided: 
Proposal 1: Interlaced transmission for scheduling of multiple transport blocks is not supported.
Proposal 2: Remove part of legacy values of transmission parameters to support size alignment from legacy DCI format and DCI format scheduling multiple TBs.
[bookmark: _GoBack]
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