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Introduction
	RAN1 NB-IoT adhoc agreements:
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM 
· For PDSCH: 
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported
· Multiple NB-IoT carriers operation for NB-IoT is supported  at least for in-band, guard-band operation modes
· FFS: Define one NB-IoT PRB containing NB-PSS/SSS and NB-PBCH as the anchor PRB
· FFS: which PRB is defined as the anchor PRB
· Additional PRBs are configured by MIB and/or SIB and/or RRC signaling
· If more than one PRBs are allocated in the in-band operation, not all of those PRBs need to satisfy 100 kHz channel raster requirements
· FFS: Detailed signaling
· FFS: Stand-alone operation



	RAN1#84 agreements:
· 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
· Max aggregation level for NB-PDCCH: 2
· Repetition is only applied in case AL=2
· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH
· For blind decoding, 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 
· Sub-PRB allocations of the NB-PDSCH are not supported



	RAN1 NB-IoT adhoc agreements:
· UL multi-tone transmission for the data with 12 tones is supported
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 
· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT
· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR



	RAN1#84 agreements:
· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous. 
· PHICH is not supported for NB-PUSCH
· Working Assumption:  
· Maximum UL TBS supported for NB-IoT is not greater than 1000 bits (exact value FFS)
· For 3.75kHz subcarrier spacing of uplink with normal CP, 
· One NB-IoT symbol consists of 528Ts of symbol with CP length of 16Ts assuming Ts=1/1.92MHz. 
· Besides the seven symbols located from the beginning of 2ms period, the remaining time (144Ts) is used as a guard period to minimize the collision between NB-IoT symbols and LTE SRS



	RAN1#84 agreements:
· 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 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
· Half duplex operation:
· 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 discuss the scheduling delay between the NB-PDCCH and NB-PDSCH/NB-PUSCH. In general, the aim is to achieve scheduling flexibility for high utilization of both UL and DL.
Timing and HARQ process for DL 
Figure 1 shows the HARQ process for NPDSCH in downlink where A/N is carried by NPUSCH in uplink. Based on the agreements, in this case single process HARQ for NPDSCH is realized by adaptive and asynchronous timing transmission. In order to reduce the number of transmission and save UE power, it is proposed to only transmit NACK for downlink transmission and consider ACK as DTX. The following cases are possible. 
1. The UE successfully received both DCI and the scheduled NPDSCH. In this case, the eNB schedules new data earliest after the HARQ feedback for the NPUSCH has been decoded. 
2. Error case 1, DCI missing or DCI reception error. In this case, the scheduled NPDSCH will not be received by the UE. The eNB will in this case not receive any NACK and will thus misinterpret it as an ACK and re-transmissions needs to be handled by the RLC layer. This behaviour is justified to reduce the overhead transmission that is caused by transmitting, and the UE can save power by not transmitting a HARQ ACK for every successful reception.
3. Error case 2, the DCI received successfully by the UE but the corresponding NPDSCH reception failed. In this case, the eNB is expected to receive a NACK which is carried by the NPUSCH grant that was already sent to the UE in the same DCI that scheduled the PDSCH resource. 
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Figure 1.
Proposal: successful reception of PDSCH is treated as DTX by eNB
The DCI which carries the NPDSCH assignment should also inform the UE about frequency and time offset of the NPUSCH that carries the HARQ feedback for the corresponding NPDSCH. In case of 15 kHz subcarrier spacing, it is foreseeable that 6 bits are enough for scheduling the UL resource. This will give 5 different timing offset and full flexibility in frequency domain for the 15 kHz. For the 3.75 kHz, there is a trade-off between flexibility in time and frequency since significant more bits are needed to indicate the frequency resources (3.75 kHz has 4 times more possible subcarrier positions than 15 kHz). Assuming the same number of bits are used for both 15 kHz and 3.75 kHz, for the 3.75 kHz case, if we want to indicate more values of timing offset (), less flexible in frequency can be achieved and vice versa. However, in practice, since there are more subcarrier positions available, it is preferred to not use frequency full flexibility and give more flexibility in timing offset using the same 6 bits for 3.75 kHz spacing. Another solution is to use 15 kHz only for the HARQ feedback transmission, since the UE needs to be capable of supporting both 3.75 kHz and 15 kHz.
Observation 1: If full flexibility is aimed for DL HARQ feedback, 15 kHz requires less number of bits for signalling than 3.75 kHz.  
Proposal 1: The UE is scheduled to transmit NACK on PUSCH by full frequency flexibility and time offset using a field in the DCI. It is suggested to consider using only 15 kHz for DL HARQ feedback. If not, reduced flexibility, either in time or frequency, for the 3.75 kHz should be assumed.  
Timing and HARQ process for UL 
Figure 2 shows the HARQ process for NPUSCH in uplink where the HARQ feedback is carried by toggling the NDI in the DCI. This is the same behaviour as in eMTC, i.e. when a re-transmission is requested from the UE the NDI is not toggled and when a new transmission should occur the NDI is toggled. This is a result of the agreements that HARQ retransmission in uplink is asynchronous and adaptive only. The following cases are possible.
1. The DCI is received successfully by the UE, and the scheduled NPUSCH is received successfully by the eNB. In this case, the UE will continue monitoring NPDCCH new uplink DCI with toggled NDI, a new TB will be sent in the uplink. 
2. Error case 1, a DCI is received successfully by the UE but the NPUSCH reception fails at the eNB. In this case, the NPDCCH can be sent with NDI not toggled to give the grant for the retransmission. However, the eNB might not have enough resources to schedule or has more prioritized UEs to schedule.
3. Error case 2, the UE failed to receive the DCI and thus no UL grant was received by the UE. In this case, the eNB will provide the UE with a new UL grant based later based on the HARQ/DRX timers on the MAC layer.
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Figure 2
Conclusions
Based on the discussions we have the following proposals and observations. 
Observation 1: If full flexibility is aimed for DL HARQ feedback, 15 kHz requires less number of bits for signalling than 3.75 kHz.  
Proposal 1: The UE is scheduled to transmit NACK on PUSCH by full frequency flexibility and time offset using a field in the DCI. It is suggested to consider using only 15 kHz for DL HARQ feedback. If not, reduced flexibility, either in time or frequency, for the 3.75 kHz should be assumed.  
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