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1 Introduction
In RAN 1 #73, updated WID for Rel-14 NB-IoT was agreed, where 2 HARQ processes and larger maximum TBS are supported. 

Power consumption and latency reduction

· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].
In this paper, the support of two HARQ processes is discussed. 
2 Support of 2 HARQ processes
In order to support 2 HARQ processes, new DCI format needs to be introduced. 1 bit is used to indicate the HARQ process number for both UL and DL. In order not to increase blind detection of NPDCCH, UE only needs to monitor for DCI format in one search space. 
If a new DCI format is introduced, UE needs to know when to monitor for which DCI format. One the other hand, old eNB (doesn’t support Rel-14 feature) cannot support new UE category with 2 HARQ processes, therefore, it is better to configured to UE with two HARQ processes by eNB. Since there is no need to support 2 HARQ processes during RACH procedure and in RRC IDLE mode, eNB can configure UE for 2 HARQ processes by a dedicated RRC signaling. In addition, a new category UE can monitor for legacy DCI format in CSS for both paging and RAR/Msg3-retx/Msg 4.
Proposal: #1: Introduce a new DCI format for unicast channel for both UL and DL with 1 bit to indicate HARQ processes number without increasing NPDCCH blind detection.
Proposal: #2: New category UE monitors for legacy DCI format in CSS for both paging and RAR/Msg3-retx/Msg 4, as well as potential CSS for SC-PTM.
Proposal: #3: eNB configures UE with 2 HARQ processes by a dedicated RRC signaling. 
In order to benefit from two HARQ processes, UE needs to monitor more NPDCCH search space. On the other hand, UE power consumption needs also to be considered. Figure 1 and Figure 2 give examples to support 2 HARQ processes for UL and DL. To improve data rate so that reduce latency and UE power consumption, it is beneficial to monitor additional search space between NPDCCH and scheduled NPDSCH or NPUSCH format 1, which is {8, 16, 32, 64}ms for uplink and 4ms+{0,4,8,16,32,64,128} valid DL subframes or 4ms+{0, 16, 32, 64, 128, 256, 512, 1024} valid DL subframes. However, 4ms time for NPDCCH blind decoding needs to be kept before NPDSCH transmission, as well as before NPUSCH. 
On the other hand, the offset between NPDSCH to ACK/NACK is {12, 20} ms for 3.75kHz and {12, 14, 16, 19} ms for 15kHz, which is quite small gap for one complete NPDCCH search space. In additional, UE is busy with NPDSCH decoding within the offset, therefore, UE shall not be required to monitor NPDCCH between NPDSCH and its ACK/NACK. After NPUSCH format 1 transmission, a DCI for ACK/NACK of previous NPUSCH. It is beneficial to monitor NPDCCH after 1ms, which is used for UL/DL switching. For example as Figure 1, two NPUSCH blocks with 1352 bits can just fill in 24ms, which provides a data rate of 112.67kbps.  Moreover, since there is limited benefit for UE to support 2 HARQ processes during RACH procedure, UE only needs to monitor additional NPDCCH search space in connected mode. 
Proposal: #4: UE capable of 2 HARQ processes needs to monitor NPDCCH search space between NPDCCH and 4ms before its scheduled NPDSCH / NPUSCH format 1 in connected mode. 

Proposal #5: UE is not required to monitor NPDCCH search space between NPDSCH and corresponding NPUSCH format 2 for ACK/NACK. 

Proposal #6: UE is not required to monitor NPDCCH search space 1ms after NPUSCH format 1 and format 2. 
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Figure 1 An example of two HARQ process with larger TBS for UL 
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Figure 2 An example of two HARQ process with larger TBS for DL
In order to minimize eNB effort on scheduling, the same timing offset for both UL and DL is better to be kept. That is the same timing offset between NPDCCH and NPDSCH, NPDCCH and NPUSCH format 1 and NPDSCH and its ACK/NACK. In addition, the timing offset is calculated per HARQ process. That is, shown as figure 2, timing offset is defined as NPDCCH and its scheduled NPDSCH, and NPDSCH and its ACK/NACK.
Proposal: #7: Keep the same scheduling delay and timing offset for ACK/NACK as Rel-13 NB-IoT. The scheduling delay and timing offset are calculated per HARQ process. 

Because UE may expect two DCIs within one search space or an additional DCI between decoded DCI and its scheduled data channel, some “collision” may happen. However, eNB shall ensure there is no such error case and UE does not expect “collision” due to the two DCIs. In addition, because of the two DCIs, the HARQ process of NPDSCH and NPUSCH may be overlapped, shown as Figure 3. Switching time from UL to DL needs to be reserved. Referring to eMTC, at least 1ms needs to be ensured by eNB. In addition, an NPDCCH ordered NPRACH may follows by NPUSCH or inverse, shown as Figure 4. If NPUSCH is scheduled with 15kHz, operating time needs to be reserved for UE to switch to 3.75kHz, and 1ms can be considered. 
Proposal #8: eNB needs to ensure 1ms gap for UL/DL switching, and 1ms gap between NPRACH and NPUSCH with 15kHz subcarrier spacing. 
Proposal #9: UE does not expect collision causing by 2 HARQ processes, including the gap for UL/DL switching and UL subcarrier spacing switching.
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Figure 3 An example of scheduling NPUSCH and NPDSCH within same search space. 
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Figure 4 An example of scheduling NPUSCH and ordering a NPRACH within same search space

3 Conclusion

In this paper, we discussed support of two HARQ processes. we proposed: 

Proposal: #1: Introduce a new DCI format for unicast channel for both UL and DL with 1 bit to indicate HARQ processes number without increasing NPDCCH blind detection.

Proposal: #2: New category UE monitors for legacy DCI format in CSS for both paging and RAR/Msg3-retx/Msg 4.

Proposal: #3: eNB configures UE with 2 HARQ processes by a dedicated RRC signaling. 

Proposal: #4: UE capable of 2 HARQ processes needs to monitor NPDCCH search space between NPDCCH and 4ms before its scheduled NPDSCH / NPUSCH format 1 in connected mode. 

Proposal #5: UE is not required to monitor NPDCCH search space between NPDSCH and corresponding NPUSCH format 2 for ACK/NACK. 

Proposal #6: UE is not required to monitor NPDCCH search space 1ms after NPUSCH format 1 and format 2. 

Proposal: #7: Keep the same scheduling delay and timing offset for ACK/NACK as Rel-13 NB-IoT. The scheduling delay and timing offset are calculated per HARQ process. 

Proposal #8: eNB needs to ensure 1ms gap for UL/DL switching, and 1ms gap between NPRACH and NPUSCH with 15kHz subcarrier spacing. 

Proposal #9: UE does not expect collision causing by 2 HARQ processes, including the gap for UL/DL switching and UL subcarrier spacing switching.
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