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Discussion and Decision
1
Introduction
In RAN#69 plenary meeting, it was agreed that 3 scenarios are supported for NB-IoT [1], 
· “Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers.

· “Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band.

· “In-band operation” utilizing resource blocks within a normal LTE carrier.

There was also a working assumption attained in RAN1#83 [2], where, 

· NB-IoT supports operation with more than one DL Tx antenna port

· For operation with 2DL Tx antenna ports, NB-IoT uses SFBC
· Can be revisited at Jan. Adhoc if UE complexity issues are identified.

Based on these agreements and working assumptions, we provide our proposals on time discontinuous transmission for NB-IoT. 
2
Discussion
Due to only 1 PRB being accessible by each specific NB-IoT UE per each subframe, large number of repetitions are needed for coverage enhanced NB-IoT UEs, which leads to more power consumption of detection in UE side. Large number of repetition also means very high blocking rate, since resources are occupied by only one specific UE during the repetition, while other UEs just do unnecessary NB-PDCCH detection during such repetition. The power consumption in the UE side would be unjustifiable increased. It is always desirable to reduce the number of repetitions as much as possible to reduce the power consumption.
Unfortunately, 1 available PRB per subframe means little frequency diversity gain that can be obtained by UE if frequency hopping among NB-IoT carriers is disabled or not supported in certain scenarios. It is beneficial to introduce diversity gain in other domain during the transmission to reduce the number of repetition. 
Besides of using SFBC to have spatial domain diversity gain, time discontinuous transmission can be considered in order to harvest time diversity gain. It is noted that unlike in LTE-M where 6PRB resources are available per subframe, 1PRB per subframe leads to transmit one TB over multiple subframes more often happened. Using time discontinuous transmission by which each repetition or bunch of repetitions happen in discontinuous subframes is relatively more meaningful to reduce the total transmission time and thus can reduce the UE power consumption during the detection.
Proposal 1: Time discontinuous transmission is supported for NB-IoT to reduce the total transmission time.
Several options can be considered to achieve time discontinuous transmission. One option is that the discontinuous transmission is configured by eNB through higher layer signaling and the repetition happens in a fixed or an indicated timing gap between each transmission. Using HARQ retransmission timing could be an example for this option. The other option is that it is implicitly enabled based on a control and data channel partitioning pattern designed within a configured time period, and to have configurable size for each channel. There could be multiple control channels and multiple data channels in each period, so that eNB can allocate different region for different CE level UEs. The UE being camped or allocated on a specific control/data region detects only the PRBs in such region(s), so that time discontinuous transmission is achieved. Fig.1 shows one example for this option, where there are two cell specific control regions C1, C2 and two data regions D1, D2 in each period, each with different size. eNB can allocate an NB-IoT UE1 in one control region, for example C1, then UE1 will detect control channel only in C1 in each period. A UE2 would be allocated to C2 and D2, respectively. The data region(s) for UE detection depends on eNB scheduling. From UE1 point of view, it can take the other control region, i.e., C2 also as data region. This enables data transmission in C2 for UE1, when there is no control information transmitted in C2. 
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Fig.1 Cell specific control and data channel partitioning pattern

Proposal 2: The regions of control and data channel transmission duration in a certain time period are configurable for time discontinuous transmission.
Furthermore, it is beneficial to have multiple scheduling granularities for the time discontinuous transmission for different CE mode UEs. In principle the scheduling granularity for higher CE levels is larger than that for low CE levels due to larger number of repetitions. If multiple TTI lengths are supported, it is likely that low and high CE UEs are using different TTI lengths as well. Besides, the scheduling granularity selection can be flexible to be also according to e.g., system load. In the extreme case if for example there is only one active NB-IoT UE, the transmission can be fallback to continuous transmission so that eNB can allocate all the available resources for this UE. This is especially meaningful for standalone NB-IoT carrier where there legacy UEs do not exist. 

Still taking the partitioning pattern in Fig.1 as an example, if a NB-IoT UE1 is camped on C1, and the same UE1 takes C2 also as data region, there are totally three data regions from UE1 point of view, as shown in Fig.2. The available scheduling granularities can be {D1}, {D1, D2}, {D1, D2, D3}, {D2}, {D2, D3}, {D3}. The scheduling granularity is indicated in DCI. 
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Fig.2 UE specific control and data channel partitioning pattern

Proposal 3: Multiple scheduling granularities should be defined for time discontinuous transmission.
3
Conclusion
In this contribution, we have the following proposals for time discontinuous transmission for NB-IoT,
Proposal 1: Time discontinuous transmission is supported for NB-IoT to reduce the total transmission time.

Proposal 2: The regions of control and data channel transmission duration in a certain time period are configurable for time discontinuous transmission.
Proposal 3: Multiple scheduling granularities should be defined for time discontinuous transmission.
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