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Discussion

On the timing relations of NB-IoT, following aspect needs to take into account.
- In order to reduce the power consumption, the reception period and transmission period should be minimized.
- In DL, the assumption is eNB PSD on NB-IoT operating PRBs are Tx-power boosted as much as possible. Therefore, there is not so much opportunity of power sharing between FDMed PDSCHs to the different UEs. It means TDM of the different assignment should be used as much as possible.
- In UL, in order to fully utilize UE PSD boosting, FDM among UEs should be fully utilized with the granularity of 12, 6, 3 and 1 tones transmission.
- In order to allow relaxed processing/decoding time for NB-PDCCH, the scheduled PDSCH should not be next subframe. At least 1 subframe should be available between NB-PDCCH and scheduled PDSCH. 
Considering above aspects, the high level resource usage principle could be Fig 1 like design. It means following:
- Except FDM of 1 CCE case, multiple NB-PDCCHs are TDMed.
- Above TDMed NB-PDCCH assigns NB-PDSCH, which also TDMed among NB-PDSCH.
- Ack/Nack starting timing corresponding to TDMed NB-PDSCHs is basically same.
- The number of the repetitions varies depending on the required amount of the coverage. Therefore, different time scale of the repetitions needs to be supported.


Fig.1 Timing relation between NB-PDCCH, PDSCH and ACK/NACK

To allow above Fig.1 like timing diagram, we see basically there are two approaches.
Approach 1 based on the identification of group of NB-PDCCH and PDSCH subframes
- UE knows that group of subframes are NB-PDCCH subframes and group of subframes are PDSCH subframes. ACK/NACK starting timing corresponding to the same group is basically aligned.
- Identification of the group of subframes could be semi-static configuration in order to reduce DCI overhead.
- Group identification is not necessary to be common among all UEs. Within the same coverage levels, it could be common identification but it also can be differentiated as far as subframes identification is informed by unicast RRC signalling.
- UE only wakes up NB-PDCCH subframes and UE sleeps PDSCH subframes if nothing is assigned in NB-PDCCH subframes. As the majority of the wake-up is no NB-PDCCH assignment and very long period could be used for PDSCH, to identify where NB-PDCCH subframes can reduce power consumption significantly.
- The assignment of PDSCH is started from the group of PDSCH subframes. Therefore, the DCI field to indicate the assigned PDSCH timing could be shorter compared with the approach 2 described below.
- A USS or multiple of USS are defined within one group of NB-PDCCH subframes. 
- If the number of the repetitions for NB-PDCCH or PDSCH is not enough within one group of subframes, the repetition can be continued in the next group of respective NB-PDCCH or PDSCH subframes.
- By identifying the group of the subframes for NB-PDCCH and NB-PDSCH, there are subframes not to be used for this UE. These subframes can be used for the multiplexing of different coverage UEs. This helps to avoid the blocking of smaller repetition UEs by the larger number of repetition UEs. 
Approach 2 based on no explicit identification of group of NB-PDCCH and PDSCH subframes
- UE does not know where group of NB-PDCCH subframes is and where is group of PDSCH subframes. UE knows where the NB-PDCCH search space is and the location of the assigned PDSCH is. Therefore, except the starting timing of USS, all the remaining timing relations are determined based on received DCI.
- DCI indicates the amount of the subframe from the end of the repetition to the start of PDSCH repetition. Then flexible timing relation is realized by DCI.
- All subframes can be NB-PDCCH and PDSCH. UE cannot sleep even certain subframes are used only for PDSCHs if it is collided with USS. This increases power consumption of UE.
- The continuous assignment of large number of the repetition of NB-PDCCH/PDSCH could block the small number of repetitions. This has the issue to satisfy exception report latency of 10 seconds.
- In order to have the alignment of the starting subframes of ACK/NACK, explicit signalling of the starting subframe would be required. This increases DCI overhead size.

Based on above discussion, we see approach 1 to identify the group of NB-PDCCH and PDSCH subframes are better. Above have been discussed based on DL traffic i.e. the relation between NB-PDCCH/PDSCH/ACK-NACK, and the same principle can be applied to the relation between NB-PDCCH and PUSCH. 
Although basically start timing of the same group of ACK/NACK and PDSCH is same, it is useful to adjust some timing by the 1 bit order of the DCI signalling.
Therefore, we propose following.

Proposal 1: UE is semi-statically informed that group of subframes are used for NB-PDCCH. The maximum number of NB-PDCCH repetition can be shorter or longer than this group of subframes.
Proposal 2: UE is semi-statically informed that group of subframes are used for PDSCH. The maximum number of PDSCH repetition can be shorter or longer than this group of subframes.
Proposal 3: ACK/NACK starting timing corresponding to the same group is basically aligned. DCI may contain 1 bit order of the offset of the timing. 
Proposal 4: PUSCH starting timing corresponding to the same group are basically aligned. DCI may contain 1 bit order of the offset of the timing. 
Proposal 5: The subframes not informed either group of NB-PDCCH nor PSDCH is not used for this UE.
 

Conclusion
We propose following.
Proposal 1: UE is semi-statically informed that group of subframes are used for NB-PDCCH. The maximum number of NB-PDCCH repetition can be shorter or longer than this group of subframes.
Proposal 2: UE is semi-statically informed that group of subframes are used for PDSCH. The maximum number of PDSCH repetition can be shorter or longer than this group of subframes.
Proposal 3: ACK/NACK starting timing corresponding to the same group is basically aligned. DCI may contain 1 bit order of the offset of the timing. 
Proposal 4: PUSCH starting timing corresponding to the same group are basically aligned. DCI may contain 1 bit order of the offset of the timing. 
Proposal 5: The subframes not informed either group of NB-PDCCH nor PSDCH is not used for this UE.
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