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1. Introduction
In RAN #73 meeting, work item on enhancement of NB-IoT was updated. The updated WID includes an objective on power consumption and latency reduction [1]. According to the updated WID [1], the objective on power consumption and latency reduction which is supported by the enhancement of NB-IoT is as follows:
	Power consumption and latency reduction
· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].


Also, in RAN1 #87 meeting, following agreements was made for power consumption and latency reduction [2]: 
	Agreements
· There is a new NB-IoT UE category with max UL and max DL TBS of 2536 bits
· Introduce the {1 HARQ + 2536 bits UL/DL TBS} TBS tables in R1-1613508
· Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH} 
· After receiving one DL grant, Rel-14 UE is required to continue monitoring any NPDCCH search spaces containing candidates ending at least 2 ms (i.e., x1 ≥ 2 ms) before the start of the first NPDSCH. 
· The gap between NPUSCH to any DL reception is ≥ 1ms. 
· Reuse Rel-13 timing relationship and scheduling delay values for each of the 2 HARQ processes
· HARQ process ID is indicated DL grant DCI with one bit
· Monitored only in USS
· FFS TBS table details.
· Soft buffer size is FFS until next RAN1#88
· The support of 2 HARQ by UE is an optional capability, signalling is left to RAN2


In this contribution, we discuss timing relationship for the 2 HARQ process configurations on the eNB-IoT.
2. Scheduling delay 
In the last meeting, it was agreed to reuse Rel-13 timing relationship and scheduling delay values for each of the 2-HARQ process. However, it should be noted that collision between two NPDSCH (or NPUSCH) can occur if we reuse Rel-13 scheduling delay values for 2 HARQ-process. The collision occurs if the number of subframes for the first NPDSCH (or NPUSCH) is larger than the scheduling delay for the second NPDSCH (or NPUSCH). For example, if NSF=10 and NRep=128, the scheduling delay for 2nd NPDSCH should be larger than 1280 subframes, which cannot be supported by Rel-13 scheduling delay definition. In this point of view, we discuss scheduling delay issues for 2-HARQ process to avoid the collision between two NPDSCH (or NPUSCH).
Alt. 1: Restrict the number of subframes(or resource units) and/or repetition level
The simplest way to avoid the collision is to restrict the number of subframes(or resource units) and/or repetition level for NPDSCH (or NPUSCH) for 2-HARQ process while reusing Rel-13 scheduling delay values. For example, in case of downlink, the number of subframes for the NPDSCH transmission is . To avoid the collision between two NPDSCHs, the number of subframes  should be smaller than the maximum scheduling delay value which can be assigned by DCI for the 2nd NPDSCH. Note that the maximum scheduling delay for Rel-13 NPDSCH is 1024 downlink subframes. Thus, the maximum number of subframes for NPDSCH transmission should be restricted to avoid a collision. (e.g. N<1024)
For the uplink, the number of slots for the NPUSCH transmission is . In this case, the value of  is the number of NB-IoT uplink slots of the resource unit corresponding to the allocated number of subcarriers in the corresponding DCI. Note that the maximum scheduling delay for Rel-13 NPUSCH is 64 downlink subframes. Thus, the maximum number of slots for NPUSCH transmission should be restricted to avoid a collision. (e.g. N<128 for 15kHz, and N<32 for 3.75kHz)
With this approach, we can reuse Rel-13 scheduling delay without additional specification impact. However, there are some restrictions on the repetition levels and the possible number of subframes (or slots). Due to these limitations, some UEs are not suitable to support 2-HARQ process which requires large repetition levels and/or large number of subframes (or slots). 
Alt. 2: Introduce additional timing offset value
Another possible solution to avoid the collision between two NPDSCH (or NPUSCH) is to introduce additional timing offset value for 2nd NPDSCH (or NPUSCH). For the 1st NPDSCH (or NPUSCH), Rel-13 scheduling delay is reused which is determined by the scheduling delay field for the corresponding DCI. For the 2nd NPDSCH (or NPUSCH), the additional timing offset is applied to Rel-13 scheduling delay (e.g. k0+kadd). Figure 1 illustrates example of the scheduling delay with the additional timing offset to Rel-13 scheduling delay for the 2nd NPDSCH.


[bookmark: _Ref474175818]Figure 1.  Additional timing offset to the scheduling delay
Advantage of this method is that there are no (or reduced) restrictions on Nrep, NSF, and NRU. To introduce the additional scheduling delay, additional timing offset field can be introduced in DCI field for 2-HARQ process which is used for indicate kadd value. Otherwise, some kinds of mechanism may be introduced to distinguish the NPDCCH corresponding to the 2nd NPDSCH (or NPUSCH) from the NPDCCH corresponding to the 1st NPDSCH (or NPUSCH) so that the timing offset is applied only to the 2nd NPDSCH (or NPUSCH). To differentiate NPDCCH, different UE-specific search space configuration can be used which is discussed in our companions paper [3], or HARQ process ID can be used as well.
Proposal 1	To avoid a collision between NPDSCH (or NPUSCH), 
· Alt. 1  Reuse Rel-13 scheduling delay and restrict NRep, NSF, and NRU values.
· Alt. 2  Introduce the additional scheduling delay offset to the Rel-13 scheduling delay.

3. ACK/NACK
The Rel-13 timing relationship between NPDSCH and NPUSCH format 2 carrying ACK/NACK response may not enough to avoid the collision between 2nd NPDSCH and ACK/NACK corresponding to the 1st NPDSCH. According to the TS 36.213 [3], ACK/NACK shall be started after k0 downlink subframe from the ending of the corresponding NPDSCH subframe. If Rel-13 timing relationship is reused, the maximum value which can be used for k0 is 18 for the 15kHz and 21 for the 3.75kHz. Therefore, if the number of subframe for the 2nd NPDSCH is larger than 18 or 21, ACK/NACK corresponding to the 1st NPDSCH collides with 2nd NPDSCH. As shown in the tables below, the case of collision (highlighted by grey color) is not seldom under the possible number of subframes for NPDSCH in the current specifications. 
Table 1. Possible combinations of NSF & NRep
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Alt.1: QPSK constellation
To avoid the collision between 2nd NPDSCH and ACK/NACK corresponding to the 1st NPDSCH, QPSK constellation can be used. In this method, if the UE decodes both 1st DCI and 2nd DCI, the UE uses ACK/NACK timing corresponding to the 2nd NPDSCH but with QPSK constellation to transmit 2 bits ACK/NACK response. The QPSK constellation mapping of the 2 bits ACK/NACK response can be defined in such way that the ACK/NACK response for the 2nd NPDSCH doesn’t change regardless of the ACK/NAC response for the 1st NPDSCH to avoid confusion when the UE misses the 1st DCI.
Figure 2 illustrate an example of the QPSK constellation. When UE decodes one DCI only, constellation points in Figure 2 (a) can be used for the corresponding ACK/NACK response. When UE decodes both DCIs, constellation points in Figure 2 (b) can be used for the corresponding ACK/NACK responses. It is noted that if UE decodes 2nd DCI only, ACK/NACK response for the 1st NPDSCH can be assumed as a NACK response in this configuration. 


[bookmark: _Ref474181003]Figure 2.  Example of QPSK constellation for 2 ACK/NACK transmission
In a similar way, it can be also considered to use two tones corresponding to the ACK/NACK timing for the 2nd NPDSCH, where one of the two tones can be selectively used to represent ACK/NACK response for the 1st NPDSCH. However, using two tones may accompany more specification works than using QPSK constellation.
Alt.2: Adjusting ACK/NACK timing for the 1st NDPSCH
To avoid the collision between 2nd NPDSCH and ACK/NACK corresponding to the 1st NPDSCH, two ACK/NACK timing can be used where the ACK/NACK timing for the 1st NPDSCH is modified. When UE decodes single DCI only, ACK/NACK timing corresponding to the decoded DCI is used. On the other hand, when UE decodes both DCIs, UE uses ACK/NACK timing decided by the timing offset (koffset_AN) to the ACK/NACK timing obtained from the second DCI, for the ACK/NACK transmission corresponding to the 1st NPDSCH. With this method, no ambiguity will occur between eNB and UE on the ACK/NACK timing while 2nd NPDSCH transmission and the ACK/NACK transmission for the 1st NPDSCH do not overlap. Figure 3 illustrate an example of the adjusted ACK/NACK timing method for the 2-HARQ process. Figure 3 (a) and Figure 3 (b) shows the case when UE decodes only single DCI, while Figure 3 (c) shows the case when UE decodes both DCIs. 


[bookmark: _Ref474223199]Figure 3.  Example of adjusted ACK/NACK timing for 2 ACK/NACK transmission
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· Alt. 1  Using QPSK constellation to represent ACK/NACK responses corresponding to the two consecutive NPDSCHs.
· ACK/NACK timing follows existing ACK/NACK timing corresponding to the second NPDSCH
· Alt. 2  Using two ACK/NACK timings to transmit ACK/NACK responses corresponding to the two consecutive NPDSCHs.
· ACK/NACK timing for the second NPDSCH follows existing ACK/NACK timing corresponding to the second NPDSCH
· ACK/NACK timing for the first NPDSCH follows a timing offset (koffset_AN) to the ACK/NACK timing corresponding to the second NPDSCH

4. Conclusion
In this contribution, we discussed several issues of the timing relationship to support the 2-HARQ process for Rel-14 eNB-IoT. The proposals of this contribution are as follows:
Proposal 1	To avoid a collision between NPDSCH (or NPUSCH), 
· Alt. 1  Reuse Rel-13 scheduling delay and restrict NRep, NSF, and NRU values.
· Alt. 2  Introduce the additional scheduling delay offset to the Rel-13 scheduling delay.
Proposal 2: To avoid the collision between NPDSCH and NPUSCH carrying ACK/NACK response.
· Alt. 1  Using QPSK constellation to represent ACK/NACK responses corresponding to the two consecutive NPDSCHs.
· ACK/NACK timing follows existing ACK/NACK timing corresponding to the second NPDSCH
· Alt. 2  Using two ACK/NACK timings to transmit ACK/NACK responses corresponding to the two consecutive NPDSCHs.
· ACK/NACK timing for the second NPDSCH follows existing ACK/NACK timing corresponding to the second NPDSCH
· ACK/NACK timing for the first NPDSCH follows a timing offset (koffset_AN) to the ACK/NACK timing corresponding to the second NPDSCH
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