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Discussion and Decision
1
Introduction
It was agreed in RAN1 #84 that,

· Sub-PRB allocations of the NB-PDSCH are not supported

It was agreed in previous RAN1 NB-IoT Adhoc meeting that, 

· There are two NB-IoT downlink transmission schemes defined in all operation modes:

· Single antenna port (port 0)
· Two antenna ports (ports 0 and 1), using transmit diversity, i.e. SFBC

· No NB-IoT transmission mode is defined using any other transmission scheme

· If the number of NB-PBCH antenna port is 1, single-antenna port, otherwise transmit diversity, i.e. SFBC
Based on these agreements, 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 high power consumption of channel detection in UE side. To reduce the power consumption, it is always desirable to reduce the number of repetitions as much as possible. 
LTE eMTC use frequency hopping to obtain frequency diversity gain, thus reduces the number of repetitions. However in NB-IoT where frequency hopping among NB-IoT carriers is disabled or not supported, 1 available PRB per subframe means little frequency diversity gain that can be obtained by UE. Then it is beneficial to introduce diversity gain in other domain during the transmission to reduce the number of repetitions. 
It was agreed to use SFBC in NB-IoT to have spatial domain diversity gain. Furthermore, time discontinuous transmission can be considered in order to harvest time diversity gain. It is noted that unlike in LTE-M where 6PRBs 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 NB-PDCCH and NB-PDSCH detection.
In addition, large number of continuous repetitions 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 blocking might from high number of NB-PDSCH repetitions to NB-PDCCHs, or from high number of NB-PDCCH repetitions to other low number of NB-PDCCH repetitions. We give the related analysis in parallel contribution as well [2]. Using time discontinuous transmissions by having the repetition of NB-PDCCH and NB-PDSCH happens in different set of subframes can enable the repetition of one channel not impact the transmission of the other channel. Therefore the blocking rate can be reduced.
Proposal 1: Time discontinuous transmission is introduced for NB-IoT. 
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 the discontinuous transmission is implicitly enabled based on a control and data channel partitioning pattern designed within a configured time period, called a scheduling window. 
For the scheduling window based approach, the number of control regions and data regions are both configurable. There could be multiple control channel regions and multiple data channel regions in each scheduling window, so that eNB can allocate different region for different CE level UEs. To enable more flexible scheduling, each channel in the scheduling window can be configured to have different sizes. 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. 
Proposal 2: Time discontinuous transmission can be enabled based on a control channel and data channel partitioning pattern defined in a scheduling window. 
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Fig.1 Cell specific control and data channel partitioning pattern

Fig.1 shows one example, where there are two cell specific control regions C1, C2 and two data regions D1, D2 in each scheduling window, each with different sizes. 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 scheduling window. Another UE2 with different CE level would be allocated to C2. 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. In this sense, the scheduling window could be UE specific configured. The UE specific scheduling window for UE 1 is shown in Fig.2.
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Fig.2 UE specific control and data channel partitioning pattern for UE1
Besides, there could be an UE specific uplink transmission region after the transmission of NB-PDSCH, for UE to transmit ACK/NACK and/or NB-PUSCH. 
Proposal 3: The regions of control and data channel in a scheduling window 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. For CE UEs, the transmission of NB-PDSCH can use one or multiple data regions in the starting scheduling window, and repeat the transmission in the same regions the next scheduling windows. However For normal UEs the transmission of NB-PDSCH can happen in part of PRBs in a specific data region.

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 the legacy UEs do not exist. 
Taking the partitioning pattern in Fig.2 as an example, 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}. eNB will select one granularity for NB-PDSCH transmission, and the scheduling granularity is indicated in DCI. In practice, if D1 is selected as one NB-PDSCH transmission region, the starting subframe for NB-PDSCH is subject to the timing restriction. As was agreed in RAN1, the start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment. 
Proposal 4: UE is configured to camp on a control region in the scheduling window. The scheduling granularity in a scheduling window for NB-PDSCH transmission is dynamically indicated.

For normal NB-IoT UEs without repetition, it is proposed to introduce finer scheduling granularity. The UE will be indicated with a data region index, and will be indicated with the allocated PRBs within the allocated region. Fig.3 gives one example, where UE is indicated with {D2} and first 2PRBs(subframes) within {D2} to receive NB-PDSCH. The indication of control region and the PRBs within the indicated region can be in the same DCI and related to different items, or the indication of data region is through high layer signalling, while the PRB allocation within the data region is dynamic indicated through DCI.
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Fig.3 Transmission for UEs with low repetition level

Based on these analysis, we have following proposals, 
Proposal 5: For normal coverage UEs, the resource indication for NB-PDSCH transmission includes the data region indication and the PRBs indication within the indicated region. 
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: Time discontinuous transmission can be enabled based on a control channel and data channel partitioning pattern defined in a scheduling window. 

Proposal 3: The regions of control and data channel in a scheduling window are configurable for time discontinuous transmission.

Proposal 4: UE is configured to camp on a control region in the scheduling window. The scheduling granularity in a scheduling window for NB-PDSCH transmission is dynamically indicated.

Proposal 5: For normal coverage UEs, the resource indication for NB-PDSCH transmission includes the data region indication and the PRBs indication within the indicated region. 
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