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1 Introduction
In RAN #73 meeting, revised work item proposal: Enhancements of NB-IoT was agreed [1]. One objection of this WI is power consumption and latency reduction.
· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].

In this contribution, we discuss the support of 2 HARQ processes.
2 Discussion on timing relationship of 2 HARQ processes
In Rel-13 NB-IoT, only one HARQ process is supported in DL/UL. For DL HARQ, the gap between end of NPDCCH and the start of the associated NPDSCH equals kdelay valid DL subframes + 4ms, then the minimum gap is 4 ms. The minimum gap between NPDSCH and corresponding HARQ-ACK is 12 ms. If Rmax < 128,  value set of kdelay is {0,4,8,12,16,32,64,128}. As shown in Figure 1, based on the assumption of Rmax = 2, G = 4 and kdelay = 0, at least 25 ms is required for a DL HARQ process.



Figure 1 DL HARQ timing
For UL HARQ, the start of NPUSCH transmission is >=8 ms later than the end of its associated NPDCCH transmission. As shown in Figure 2, if end of NPDCCH is in suframe #0 of frame #0, the start of NPUSCH is in subframe #9 of frame #1.

[image: image2.emf]4 5 2 3 0 1 0 1 8 9 6 7 6 7 4 5 2 3 8 9

Frame0 Frame1

DL

NPUSCH foramt 1 NPDCCH

UL


Figure 2 UL HARQ timing
According to Figure 1 and Figure 2, the 2nd data transmission can start only when the 1st transmission has finished. If HARQ process number is increased, multiple transport blocks can be transmitted in a transmission cycle. The transmission delay and the power consumption of the NB-IoT UE can be reduced. The data rate can be increased. However, increase of HARQ process number may have impacts on UE cost/complexity and specifications.
· Impact on UE Cost/complexity 
If HARQ process number is increased to 2 for no repetition case, as shown in Figure 3, NPDSCH #0 with  kdelay = 0 and NPDSCH #1 with kdelay = 4 are scheduled to different locations by two NPDCCHs in the same subframe. To support 2 HARQ processes, even the scheduling gap between the two NPDSCHs is sufficient for decoding of the first NPDSCH, the transport block in the first NPDSCH needs to be saved in the buffer if decoding error occurs.  The required soft buffer size and the UE complexity would be slightly increased. 
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Figure 3 Timing for 2 HARQ processes
· Impact on specification
To support 2 HARQ processes for Rel-14 NB-IoT UEs, the following agreement in Rel-13 NB-IoT does not apply to the case of 2 HARQ processes:  

· 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 the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission.

Proposal 1: The following Rel-13 NB-IoT agreement does not apply to the case of 2 HARQ processes:
· 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 the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission.

To support 2 HARQ processes, HARQ process index should be indicated in DCI. The scheduling gap between the two NPDSCHs has impacts on latency and UE complexity. Smaller scheduling gap between the two NPDSCHs is beneficial for latency reduction. On the contrary, larger scheduling gap between the two NPDSCHs is beneficial for UE complexity reduction. If scheduling delay reuses existing Rel-13 values, the scheduling gap of the two NPDSCHs can be determined by the scheduling delay (kdelay) defined in Rel-13 NB-IoT. The scheduling delay (kdelay) of the 2nd NPDSCH will be limited by 1st NPDSCH. For example, if kdelay for 1st NPDSCH is 16 from value set of {0, 4, 8, 12, 16, 32, 64, 128}, kdelay for 2nd NPDSCH should be larger than 16. If next value of 32 is configured, the corresponding scheduling gap of the two NPDSCHs would be (16 – transmission duration of 1st NPDSCH). The HARQ process delay would be large if the transmission duration of 1st NPDSCH is small. Two alternatives can be considered to resolve this issue: 
· Alt 1: For 2 HARQ processes, definition of kdelay in the second NPDCCH is the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH.

· Alt 2: kdelay reuses existing definition in Rel-13 NB-IoT and additional values of kdelay are added to Rel-13 value set.
For Alt 1, value set of kdelay in Rel-13 NB-IoT can be reused. But kdelay in the second NPDCCH should be reinterpreted as the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH. The timing of 2nd NPDSCH depends on the decoding of 1st NPDSCH. If the UE has error understanding of the ending position of 1st NPDSCH, it is impossible to get correct HARQ-ACK timing of 2nd NPDSCH.  But considering that decoding performance of the two NPDCCHs is similar, the impact would be negligible. For Alt 2, additional values of kdelay should be added to reduce the HARQ delay. The DCI field should be extended if new values are added into the value set. 
Proposal 1: The scheduling delay of NPDSCH/NPUSCH for the two HARQ processes can reuse scheduling delay defined in Rel-13 NB-IoT. 

· Definition of kdelay in the second NPDCCH is reinterpreted as the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH.
3 HARQ-ACK bundling for 2 HARQ processes
For 2 HARQ processes, HARQ-ACK bits for two NPDSCHs in one transmission cycle can be bundled together. HARQ-ACK bundling can reduce the transmission latency and the UE power consumption would be reduced as shown in Figure 4. HARQ-ACK bundling can reduce transmission delay if HARQ-ACK timing is determined according to the end of the 2nd NPSCH transmission shown in Figure 4(b). If HARQ-ACK timing is determined according to the end of corresponding NPDSCH transmission, the 2nd NPDSCH transmission may collide with HARQ-ACK transmission of the 1st NPDSCH as shown in Figure 5. In this case, HARQ-ACK bundling is necessary.
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Figure 5 DL/UL collision case for 2 HARQ processes
Three alternatives can be considered for HARQ-ACK bundling:

· Alt 1: HARQ-ACK bundling for 2 HARQ processes is configured by higher layer RRC signaling. In this case, UE can be signaled whether or not HARQ-ACK transmissions for the two NPDSCHs are in the same subframe. 

· Alt 2: HARQ-ACK bundling for 2 HARQ processes is implicitly indicated by the DCI. For each of the two processes, the HARQ-ACK delay is indicated by DCI independently. If UL subframes for the two HARQ-ACK transmissions determined by the configured HARQ-ACK delay are the same, the two HARQ-ACK transmissions would be bundled together. .
· Alt 3: HARQ-ACK bundling for 2 HARQ processes is activated according to predefined rules. For example:
· HARQ-ACK bundling is activated if NPDCCH for the two HARQ processes are in the same search space.
· HARQ-ACK bundling is activated if 2nd NPDSCH transmission and 1st HARQ transmission collides.
Alt 1 may be inefficient if the scheduling gap of the two PDSCHs is large. For Alt 2, HARQ-ACK bundling is restricted by value set of HARQ-ACK delay, thus existing values of Rel-13 HARQ-ACK delay (k0) may need to be extended. Alt 3 is more flexible in some special cases.
Observation 1: HARQ-bundling is beneficial for power consumption and latency reduction for two HARQ processes.
Proposal 2: HARQ-ACK bundling is supported for two HARQ processes if 2nd NPDSCH transmission and 1st HARQ transmission collides.
Proposal 3: HARQ-ACK bundling is supported for two HARQ processes if corresponding two HARQ-ACKs are transmitted in the same UL subframe.
4 Conclusions
In this contribution, we have discussed the timing relationship of 2 HARQ processes and HARQ bundling. We make the following observations and proposals:
Observation 1: HARQ-bundling is beneficial for power consumption and latency reduction for two HARQ processes.
Proposal 1: The scheduling delay of NPDSCH/NPUSCH for the two HARQ processes can reuse scheduling delay defined in Rel-13 NB-IoT. 

· Definition of kdelay in the second NPDCCH is reinterpreted as the gap between the start of 2nd NPDSCH and the end of 1st NPDSCH.
Proposal 2: HARQ-ACK bundling is supported for two HARQ processes if 2nd NPDSCH transmission and 1st HARQ transmission collides.
Proposal 3: HARQ-ACK bundling is supported for two HARQ processes if corresponding two HARQ-ACKs are transmitted in the same UL subframe.
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