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1
Introduction
The following was agreed in RAN1 #83 [1] – 

Agreement:

· Decide between two options within this week:

· Alt 1. Support TDD in Rel-13 for NB-IoT

· Alt 2. Not to support TDD in Rel-13 for NB-IoT, but Rel-13 supports necessary forward compatibility to support TDD

· Note: such support may or may not require physical layer change(s)

Conclusion: 

· NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD
· FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting. 

In this contribution, we discuss the number of HARQ processes supported for NB-IoT.
2
Number of HARQ Processes

According to the objective in the latest WID, an NB-IoT UE needs to support only half-duplex operation [2]. With respect to supporting TDD operation in Rel-13, our view is that it is better to support only forward compatibility of TDD is Rel-13 from the point of view of speeding up the specification effort. Therefore, we support Alternative 2 in the agreement noted above. We agree, however, that it is important to incorporate forward compatibility in Rel-13 for the support of TDD in a future release. Thus, we have the following proposal:

Proposal 1: Support only forward compatibility for TDD in Rel-13 for NB-IoT
It has already been agreed in RAN2 that only one DL and one UL HARQ process will be supported [3]. We discuss this topic further herein. Figure 1 shows the support of multiple unicast HARQ processes on the DL for HD-FDD in normal coverage. Legacy DL HARQ timing (3-ms gap between the NB-PDSCH and UL ACK/NACK for the same process) is assumed, based on which the round-trip time is 9 ms. With type B HARQ-FDD operation, a guard subframe is provided every time the UE switches between DL and UL. It is seen that a maximum of two HARQ processes can be supported.
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Figure 1. Two HARQ processes in normal coverage (NB-PDSCH TTI of 1 ms).
Figure 2 illustrates the case with enhanced coverage. The figure shows repetitions for a single HARQ process. Legacy HARQ timing is assumed, which means that if the last repetition of the NB-PDSCH transmission occurs in subframe n, the first repetition of the UL HARQ-ACK transmission occurs in subframe n+4. Similarly, if the last repetition of the UL ACK/NACK is in subframe p, the first repetition of the NB-PDCCH for the same process can be transmitted only in subframe p+4. It is observed that even with two repetitions, only a single HARQ process can be supported if the legacy HARQ timing is to be preserved. That is a second HARQ process can be supported only at the expense of relaxed UL ACK/NACK timing.
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Figure 2. One HARQ process in enhanced coverage.
To simplify operation and device complexity, support of a single HARQ process even in normal coverage can be considered. The HARQ operation is illustrated in Figure 3. Although this reduces the peak data rate, the UE complexity is reduced since only a single HARQ buffer is needed both in normal coverage and enhanced coverage.
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Figure 3. One HARQ process in normal coverage (NB-PDSCH TTI of 1 ms).
The above discussion assumes that the TTI length is 1 ms. As discussed in a companion contribution [4], it is desirable to support multiple TTI lengths, with the largest length being 8 ms. In this case, NB-PDCCH and UL ACK/NACK can still be transmitted in 1 ms whereas the NB-PDSCH transmission spans multiple subframes. For these cases, however, the round-trip time is affected, as discussed in a companion contribution [5].
Proposal 2: The maximum number of unicast DL and UL HARQ processes supported in HD-FDD for NB-IoT is one.
The following has been agreed in RAN2:

The UE is not required to detect SIB changes while being in RRC_CONNECTED. The NW may release the UE to RRC IDLE if it wants the UE to acquire changed SIB(s).

There is a possibility, however, that there are multiple SIBs, some of which can be acquired at a later time (e.g., optional SIBs). In this case, the UE may have moved to the RRC_CONNECTED mode while acquisition of some of the SIBs is still pending. In such an event, the UE may need to receive some of the SIBs after it has started to receive unicast transmissions. Thus, it may need to process both the received unicast and SIB transmissions at the same time, for which separate HARQ buffers would be needed for unicast and broadcast. Alternatively, if the delay in acquiring the optional SIBs could be tolerated, the UE could receive the data first and then the SIBs, in which case a single HARQ buffer would be sufficient. Further discussion is needed to determine if separate HARQ buffers are needed to simultaneously process unicast and broadcast transmissions.
3
Conclusion
In this contribution, we discuss duplexing support and the number of HARQ supported for NB-IoT. We make the following proposals.
Proposal 1: Support only forward compatibility for TDD in Rel-13 for NB-IoT.

Proposal 2: The maximum number of unicast DL and UL HARQ processes supported in HD-FDD for NB-IoT is one.
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