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1 Introduction
A new work item on NB-IoT has been approved in RAN #69 and updated in RAN #70 [1]. According to the WI description and the recent agreements, an NB-IoT user should be 
· A half-duplex user and 
· Only has one HARQ process (one for UL and one for DL) [1][2]. 
In this paper, we would like to discuss uplink and downlink HARQ process schedule.
2 Uplink/downlink HARQ process schedule
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Figure 1 Overlapped UL/DL HARQ process schedule (Manner I) 
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Figure 2 Aligned UL/DL HARQ process schedule (Manner II) 
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Figure 3 Separated UL/DL HARQ process schedule (Manner III) 

Due to the half-duplex capability of NB-IoT users, an NB-IoT user could do only one thing at a time, uplink transmission or downlink receiving. With this as starting point, three schedule manners for uplink/downlink HARQ process are given in Figure 1, Figure 2 and Figure 3, respectively. Here it is assumed that the schedule of downlink process always starts prior to uplink. The reverse is also possible and is similar to the example shown here.
· Manner I: 

· Overlapped schedule: the downlink HARQ process and uplink HARQ process could overlap with each other.
· Manner II: 
· Aligned schedule: the ACK/NACK feedback of NB-PDSCH is always piggybacked by NB-PUSCH if both downlink and uplink transmission is needed by a user.
· Manner III:

· Separated schedule: one HARQ process is scheduled after the previous HARQ process finishes.
3 Comparison of different uplink/downlink HARQ process schedule
Figure 4 shows analyses on transmission delay of these three HARQ process schedule manners. For convenience, no matter uplink or downlink, once transmission duration of all HARQ schedule manners are assumed to be the same, e.g. the unit [T] shown in Figure 4. Total averaged delay difference is calculated with the assumption that the occurrence probability of downlink and uplink process is equal. 
Based on the analyses results, overlapped manner and separated manner have almost the same averaged transmission delay. The aligned manner has the worst transmission delay performance, especially, for the downlink process (priori process). In other word, although leaving ACK/NACK feedback of NB-PDSCH to NB-PUSCH as many as possible may simplify the processing logic of devices in a certain degree, the NB-PDSCH and NB-PUSCH, no matter which of them is priori, are forced to finish together. In this case, the delay of priori scheduled transmission is significantly extended which is not desirable.
Observation: Separated UL/DL HARQ processes and overlapped UL/DL HARQ processes have almost the same averaged transmission delay which is obviously much better than what aligned UL/DL HARQ processes have.
Compared with overlapped UL/DL HARQ process schedule strategy, separated UL/DL HARQ processes could provide clearer processing logic with devices. Moreover, if UL/DL HARQ processes could completely separated, all HARQ processes could share a single soft buffer. The UE cost could be accordingly saved.  
Proposal: Only separated DL and UL HARQ process schedule is supported in NB-IoT.
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D0+U1 8.1% DUU [DU] [U] DUU 0 0 -1 0

D0+U2 0.81% DUUU [DU] [UU] DUUU 0 0 -1 0

D1+U0 8.1% DUD [DU] [D] DDU -1 +1 -1 +1

D1+U1 0.81% DUDU [DU] [DU] DDUU -1 0 -2 0

D1+U2 0.081% DUDUU [DU] [DU] [U] DDUUU -1 0 -2 0

D2+U0 0.81% DUDD [DU] [D] [D] DDDU -1 +2 -1 +2

D2+U1 0.081% DUDUD [DU] [DU] [D] DDDUU -2 +1 -2 +1

D2+U2 0.0081% DUDUDU [DU] [DU] [DU] DDDUUU -2 0 -3 0

Averaged delaydifference per process -0.0998[T] +0.0980[T] -1.0079[T] +0.0980[T]

Total averaged delay difference -0.0018[T] -0.9099[T]

Note1: Delaydifference with positive sign means Manner III is worse, while delay difference with minus sign means Manner III is better.
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Figure 4 Analyses on delay difference
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