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1. Introduction 
In RAN1#84 [1], we agreed the following:
· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 

· The start of DL A/N transmission is >=3ms later than the end of the corresponding NB-PUSCH transmission

· UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe

· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission

We made the following Working Assumption:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
This contribution further discuss some timing and collision aspects of NB-PDCCH.
2. Discussion
The concept of scheduling window is introduced in [2], [3], [4] where a time window is defined for NB-PDCCH and another for NB-PDSCH.  Within the NB-PDCCH time window, search spaces are TDM where these search spaces can be for different CE levels.  Similarly in the NB-PDSCH time window, NB-PDSCH transmission for different UEs that may belong to different CE levels are TDMed.  The UE only monitors for NB-PDCCH during the NB-PDCCH time window and can sleep during the NB-PDSCH time window if there is nothing scheduled for that UE.  Using a scheduling window imposes restriction on the eNB scheduler since the eNB can only schedule during NB-PDCCH time window.
If a scheduling window is not introduced, a straightforward approach is for the UE to monitor for NB-PDCCH all the time (or periodically) which allows the eNB flexibility to schedule the UE [5].  It is argued that this approach does not allow the UE to sleep since it needs to monitor for NB-PDCCH all the time.  However, DRX can be applied which would enable UE to save on battery power.  Hence, we do not see the benefit of introducing a scheduling window.

Proposal 1: Do not introduce scheduling window for NB-PDCCH and NB-PDSCH.

For extreme coverage, the NB-PDCCH requires a large number of repetitions and since the NB-PDCCH occupies the entire PRB, such long repetition would block other UEs of smaller CE level from being scheduled.  Hence, in [6] it is suggested that for large repetitions, transmission gaps are introduced so that during these gaps other NB-PDCCH for different CE levels can be transmitted thereby reducing blocking.  We see benefit of introducing such transmission gaps for NB-PDSCH and NB-PUSCH for the same reason.  In addition to blocking, introducing transmission gaps for long NB-PUSCH transmission would also allow the UE to re-sync its frequency to the network, since it is possible for an HD-FDD UE’s frequency reference to drift beyond the tolerance level [7].  Furthermore it is possible for eNB to early terminate a NB-PUSCH during one of these transmission gaps [7], which would save UE battery power and free the resource for other UEs.
Proposal 2: Introduce transmission gaps for NB-PDCCH, NB-PDSCH and NB-PUSCH transmissions when a large number of repetitions is applied.

If transmission gaps are not sufficient for resycn in a long NB-PUSCH transmission or such gaps do not allow sufficient time for the UE to resync, minimum time between the end of an NB-PUSCH transmission and the start of the corresponding DL ACK/NACK (or any downlink transmission) should be extended beyond the agreed 3 ms to allow the UE time to resync after a long NB-PUSCH transmission.  Such an extension is only required after long NB-PUSCH transmission.

Observation 1: The 3 ms minimum time between the start of DL ACK/NACK and the end of corresponding NB-PUSCH may not be sufficient if the NB-PUSCH has large repetition and insufficient transmission gaps are available for UE to resync.

In the previous meeting, we made a working assumption such that the minimum timing between the end of a NB-PDCCH search space and the beginning of another is 4 ms.  This timing is acceptable for low complexity NB-IoT and therefore we would like to confirm the working assumption:

Proposal 3: Confirm the following working assumptions:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment

Since the timing between NB-PDCCH and a data channel (NB-PDSCH or NB-PUSCH) is flexible, the scenario shown in Figure 1 may occur.  Here the UE receives a DL grant from NB-PDCCH 1 for NB-PDSCH 1 that starts at time T1 later.  Prior to receiving NB-PDSCH 1, the UE receives another DL grant from NB-PDCCH 2 for NB-PDSCH 2 that starts at time T2. Since T1 and T2 are flexible it is possible that NB-PDSCH 1 and NB-PDSCH 2 collide.  Similar collisions can occur for NB-PUSCH as shown in Figure 2.
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Figure 1: NB-PDSCH with NB-PDSCH collision
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Figure 2: NB-PUSCH and NB-PUSCH collision
Collision between NB-PDSCH and NB-PUSCH may also occur as shown in Figure 3.  Here NB-PDCCH 1 schedules NB-PUSCH 1 which starts its transmission after time T1.  NB-PDCCH 2 further schedules NB-PDSCH 2 which starts its transmission after time T2.  Since T1 and T2 are flexible and the NB-IoT UE is HD-FDD, NB-PUSCH 1 may collide with NB-PDSCH 2.  
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Figure 3: NB-PDSCH and NB-PUSCH collision
It could be argued that the eNodeB should not schedule in such a way as to cause a collision (i.e. to avoid the situations shown in Figure 1, Figure 2 and Figure 3). However, there may be good reasons for an eNodeB to over-ride a previous allocation (e.g. in Figure 3, the eNodeB initially schedules a non-critical NB-PUSCH to the UE, but at a later time receives some time-critical DL data that it needs to transmit with higher priority than the NB-PUSCH). The NB-IoT specifications thus need to be clear about what happens in collision scenarios. 
A straight forward method would be that the UE is not required to monitor NB-PDCCH for any further grants if it has already received a grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding data channel (NB-PDSCH or NB-PUSCH) transmission.  That is, the UE is not required to monitor for grants in NB-PDCCH 2 during the time period T1 of Figure 1, Figure 2 and Figure 3.  It should be noted that the UE can still monitor for NB-PDCCH for other purpose such as group TPC.

Proposal 4: An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of that NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission.
It is likely that the UCI carrying ACK/NACK is scheduled in the DL grant with flexible timing.  Due to this, a collision between UCI and data channel may occur if a grant is sent to the UE after the end of NB-PDSCH reception, as shown in Figure 4.  Here, NB-PDCCH 1 schedules NB-PDSCH 1 and the corresponding ACK/NACK carried by NB-PUSCH 1 that is T3 ms after the end of NB-PDSCH 1.  Although the UE does not monitor any grant during time period T1 as per Proposal 4, it is feasible that the UE monitors a grant after the end of NB-PDSCH 1, i.e. monitors NB-PDCCH 2 during time period T3.  NB-PDCCH 2 may schedule a data channel (NB-PUSCH or NB-PDSCH) to this UE which may lead to a collision as shown in Figure 4 (where NB-PDCCH 2 schedules NB-PUSCH 2).
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Figure 4: UCI collision with data channel
The UCI collision described in Figure 4 can be avoided by:
· Option 1: Extend the time period in which UE does not monitor additional grants (i.e. Proposal 4) to include the time period between the start of the data channel and the end of the corresponding ACK/NACK.

· Option 2: Allow the UE to monitor grants after the end of a data channel (NB-PDSCH or NB-PUSCH) and drop one of the colliding data channels.  The data channel that is scheduled earlier is dropped (i.e. in Figure 4 NB-PUSCH 1 is dropped since it is scheduled by an earlier DCI, i.e. NB-PDCCH 1).

· Option 3: Piggyback the UCI onto the NB-PUSCH transmission as in LTE.

It should be noted that Option 1 would prevent the UE from receiving an ACK/NACK for a NB-PUSCH transmission.  Furthermore, early termination of a long NB-PUSCH transmission should be feasible by allowing the UE to monitor for grants during some of the transmission gaps (which are required anyway for CFO tracking [7]).  Option 2 does not impose such restrictions and allow for more scheduling opportunities.  Option 2 also allows the eNB to override a previous scheduling decision, for example the eNB may deem that the later NB-PUSCH is of higher priority than the previous NB-PDSCH.  It should be noted that the earlier grant may schedule a data channel that arrives later than a later grant since timing between grant and data channel is flexible.  Option 3 does not drop any channel but this is only applicable for the case where the collisionis between UCI and NB-PUSCH.  Collision between UCI and NB-PDSCH can also happen in which case piggyback is not feasible.  There were also concerns raised in email discussion on the behavior of piggyback in partial overlapping case.  To have a consistent behavior for all collisions, we prefer Option 2.
Proposal 5: If a collision occurs due to a grant scheduled after a data channel (NB-PDSCH or NB-PUSCH), the data channel that is scheduled by the earlier grant is dropped.

3. Conclusion

In this contribution we discuss some timing and collision aspects of NB-PDCCH.  We observe the following:

Observation 1: The 3 ms minimum time between the start of DL ACK/NACK and the end of corresponding NB-PUSCH may not be sufficient if the NB-PUSCH has large repetition and insufficient transmission gaps are available for UE to resync.

We propose the following:
Proposal 1: Do not introduce scheduling window for NB-PDCCH and NB-PDSCH.
Proposal 2: Introduce transmission gaps for NB-PDCCH, NB-PDSCH and NB-PUSCH transmissions when a large number of repetitions is applied.

Proposal 3: Confirm the following working assumptions:

· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment

Proposal 4: An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of that NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission.
Proposal 5: If a collision occurs due to a grant scheduled after a data channel (NB-PDSCH or NB-PUSCH), the data channel that is scheduled by the earlier grant is dropped.
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