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1 Introduction

At the RAN1 #84 meeting, several agreements and working assumptions were made on timing relationships between physical channels for NB-IoT and support of HD-FDD UEs [1]:

· 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

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

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

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

· The HD-FDD guard period is Type B 

· When NB-IoT UE is transmitting, UE is not expected to monitor or receive any downlink channels

In this contribution, we share our views on the remaining details of timing relationships for NB-IoT physical channels including remaining details on time gaps between different physical channels and on handling of time-domain collisions between different physical channels.

2 Remaining details of timing relationships between NB-IoT physical channels

In the following, we share our views on the remaining details of the timing relationships between NB-IoT physical channels following the agreements made at the RAN1 #84 meeting.
2.1 Timing between PDCCH and NB-PUSCH

It has been agreed that the start of NB-PUSCH transmission is at least 8ms later than the end of the NB-PDCCH transmission carrying the corresponding UL grant.
Further, as quoted above, the UL scheduling delay is indicated in the DCI. Thus, for instance, 2-bits in the DCI can indicate up to three non-zero delay values starting from the first valid UL subframe that occurs at least 8ms after the end of the associated NB-PDCCH. Additional delay values could be further considered depending on whether any joint coding with other resource allocation parameters, e.g., frequency domain resource allocation, is considered.

The increment in the delay amounts can be configured to the UE via higher layers. Further, a default value, e.g., 2 valid UL subframes that would apply in the absence of higher layer configuration can be specified.
Note that at least cell-specific set of valid UL subframes should be defined in Rel-13 at least for forward compatibility to TDD systems, e.g., TDD deployments with eIMTA.  
Proposal 1:

· 2-bits in the DCI can indicate up to three non-zero delay values starting from the first valid UL subframe that occurs at least 8ms after the end of the associated NB-PDCCH.
· Support of additional delay values may be possible in case this indication is jointly coded with any other resource allocation parameter, e.g., frequency domain resource allocation.
· The increment in the delay amounts can be configured to the UE via higher layers. 

· Consider specifying a default value for the increment in the delay amounts indicated by the DCI.
2.2 Timing between NB-PDSCH and HARQ-ACK feedback

RAN1 agreed that the DL HARQ-ACK feedback is transmitted at least 12ms after the end of the associated NB-PDSCH. 

The timing relationship between NB-PDSCH and HARQ-ACK feedback on the UL depends on the exact design and resource derivation/indication mechanism for transmitting the HARQ-ACK report. Accordingly, the derivation of the time domain resources is discussed in our companion paper [2].
In summary, as one option the DCI can indicate the value of ‘k’such that the HARQ-ACK report is to be transmitted at the first available UL subframe after n+k subframes where ‘n’ is the subframe corresponding to the last repetition of the NB-PDSCH, Kmin ≤ k ≤ Kmax with Kmin = 13 and Kmax can either be specified or configured via higher layers.
Alternatively, to be able to pack multiple UE’s HARQ-ACK transmissions within the same subframes (or NB-slots), certain set of UL subframes or NB-slots can be configured to carry HARQ-ACK reports via higher layers using a periodicity and offset in a cell-specific manner, and the DCI can point to a specific index of the HARQ-ACK reporting subframe, that is at least 12ms after the last subframe of the corresponding NB-PDSCH, wherein the first subframe of the HARQ-ACK report transmission can be transmitted by the UE.

2.3 Timing relationship between NB-PDCCH and NB-PDSCH and between NB-PDCCH search spaces
As mentioned in the Introduction, RAN1 made the following working assumptions at RAN1 #84 meeting:

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

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

The assumption of 4ms gap between NB-PDCCH search space can help limit the UE processing load by provisioning some additional decoding time budget to alleviate the impact from accumulation of the blind decoding (BD) candidates at the end of each NB-PDCCH search space. This aspect was further discussed as part of the RAN1 email discussion on NB-PDCCH search space design and was commonly understood as helpful in minimizing UE complexity. Thus, this working assumption should be confirmed. 
Also, a 4ms gap at the end of the NB-PDCCH transmission before the earliest start of the scheduled NB-PDSCH also provides similar benefits in alleviating any potential increase in the processing load for BD of the NB-PDCCH candidates. Therefore, this working assumption should also be confirmed.

Further, the DCI would indicate the DL delay from the earliest starting subframe for the scheduled NB-PDSCH using, e.g., 3 bits to indicate up to 7 different non-zero delay values. Similar to the discussion in Section 2.1, the increment in the delay amounts can be configured to the UE via higher layers. Further, a default value, e.g., 2 valid DL subframes that would apply in the absence of higher layer configuration can be specified.
Proposal 2:

· Confirm the following working assumptions from RAN1 #84:
· Working Assumption] The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· [Working Assumption] The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
2.4 Timing relationship between NB-PDSCH and NB-PDCCH 

One remaining aspect pertains to the timing gap between the end of the NB-PDSCH and the start of the NB-PDCCH. While this NB-PDCCH may not carry a DL assignment due to the single DL HARQ process assumption for NB-IoT UEs, it may be possible for the NB-PDCCH to schedule an UL grant for NB-PUSCH transmission [3].
However, in order to provide sufficient decoding time budget for NB-PDSCH decoding as well as to avoid concurrent processing of different physical channels in view of reduced UE complexity, it would be simpler to postpone any UL grant transmission until after the transmission of the DL HARQ-ACK in response to the scheduled NB-PDSCH. Further, this will simplify the scheduling at the eNodeB as well since transmission of UL grant during the gap between NB-PDSCH and NB-PUSCH with DL HARQ-ACK feedback would imply a coupling between the time-domain resource allocation for the NB-PUSCH with DL HARQ-ACK, NB-PUSCH with UL SCH, and the number of repetitions needed for the NB-PDCCH carrying the UL grant itself. 
Thus, considering Type B HD-FDD operation for NB-IoT UEs, we make the following proposal.

Proposal 3:

· The UE is not required to monitor NB-PDCCH until at least 1ms after the end of the transmission of NB-PUSCH with DL HARQ-ACK feedback.
3 Scheduling considerations due to single HARQ process

Considering single DL HARQ process, for simplified UE behavior and system operation, the UE should not be expected to monitor for NB-PDCCH in DL subframes that fall within the first and last subframe assigned for NB-PDSCH reception.
Thus, even if gaps are defined in time domain within the NB-PDSCH transmission (i.e., time-discontinuous NB-PDSCH resource assignment), the UE is not expected to monitor for NB-PDCCH during these gaps within an NB-PDSCH burst.
Proposal 4:

· The UE is not required to monitor NB-PDCCH in any DL subframe within the first and last subframe of a scheduled NB-PDSCH burst.
4 Conclusions

In this contribution, we presented our views on the remaining details of timing relationships for NB-IoT physical channels including time gaps between different physical channels and a scheduling consideration due to single HARQ process. Our views are summarized via the following proposals:

Proposal 1:

· 2-bits in the DCI can indicate up to three non-zero delay values starting from the first valid UL subframe that occurs at least 8ms after the end of the associated NB-PDCCH.
· Support of additional delay values may be possible in case this indication is jointly coded with any other resource allocation parameter, e.g., frequency domain resource allocation.
· The increment in the delay amounts can be configured to the UE via higher layers. 

· Consider specifying a default value for the increment in the delay amounts indicated by the DCI.
Proposal 2:

· Confirm the following working assumptions from RAN1 #84:
· Working Assumption] The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· [Working Assumption] The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
Proposal 3:

· The UE is not required to monitor NB-PDCCH until at least 1ms after the end of the transmission of NB-PUSCH with DL HARQ-ACK feedback.
Proposal 4:

· The UE is not required to monitor NB-PDCCH in any DL subframe within the first and last subframe of a scheduled NB-PDSCH burst.
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