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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements have been reached for the Rel-13 NB-IoT by far:
 RAN1 agreements:
· Half duplex operation:
· The HD-FDD guard period is Type B
· When NB-IoT UE is transmitting, UE is not expected to monitor or receive any downlink channels
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 
Furthermore, according to the WID description [1] and the agreements from RAN2 [2], NB-IoT UE is a HD-FDD user and has only one process for DL and UL respectively. In this contribution we discuss NB-PUSCH transmission for NB-IoT UE. First we discuss the potential problem of time and frequency synchronization during NB-PUSCH transmitting for NB-IoT UEs in enhanced coverage and then present some solutions.
Discussion
Time and frequency synchronization problem during PUSCH transmitting
For NB-IoT UEs working in enhanced coverage, NB-PUSCH is mapped or repeated on hundreds of or even thousands of subframes in order to overcome the effect of noise and guarantee that the eNB can get sufficient decoding performance of NB-PUSCH. 
However, On the other hand, as discussed in [3], the NB-IoT UE needs to regularly track the frequency offset due to such factors as oscillator quality, temperature variation, channel variations, Doppler shift and so on.
Therefore, schemes need to be discussed for NB-IoT UEs in enhanced coverage to track time and frequency offset within the long transmission time of NB-PUSCH.
Proposal 1: Schemes need to be discussedi for NB-IoT UEs in enhanced coverage to track time and frequency offset within the long transmission time of NB-PUSCH.
Potential solution to track timing/frequency within NB-PUSCH transmission
[bookmark: _Ref442101941]In [3], it has been suggested that an intra-band measurement gap concept in NB-IOT can be introduced to provide chances for regular time and frequency tracking. Such method by defining e.g., periodic intra band measurement gap is indeed a good one when there is only uplink data for an NB-IoT UE. However, when there is parallel downlink and uplink data for an NB-IoT UE, some optimization may be necessary. For example, the eNB can schedule NB-PUSCH and NB-PDSCH within the same UE-specific search space, and one NB-PDSCH and one NB-PUSCH can be interleaved in a TDM manner as shown in Figure 1. Note that it has been agreed that DL and UL scheduling delays are indicated in DCI and further note that there needs to be some frequency retuning subframe as shown in Figure 1. By this method, the NB-IoT UE can perform time and frequency synchronization tracking by utilizing NB-RS and possibly CRS during the NB-PDSCH receiving subframes. Note that higher PSD of NB-RS can improve the synchronization tracking performance although the bandwidth is very limited. The length of the downlink subframe sets within each uplink and downlink pattern period can be determined based on such factors as the ratio of downlink traffic load and uplink traffic load, the channel condition of the UE and etc. On the other hand, the length of the uplink subframe sets within each uplink and downlink pattern period depend on how long the time and frequency can be maintained within an acceptable level. Furthermore, the length of downlink and uplink subframe set can be configured in a UE-specific way to adapt to different channel conditions of different NB-IoT UEs.
Note that for cases where only uplink data needs to be transmitted, the downlink subframe sets can fall back to the intra-band measurement gap as proposed in [3]. And the NB-IoT UE can retune to a proper downlink carrier to perform time and frequency tracking.


Figure 1 TDM inter-leaved NB-PUSCH and NB-PDSCH transmission for an NB-IoT UE

Proposal 2: TDM inter-leaved NB-PUSCH and NB-PDSCH transmission for an NB-IoT UE as shown in figure 1 is supported.
In order to support the above scheme, there may be some potential requirements for the UE-specific search space and DCI design. For example, the DL and UL scheduling delays indicated in DCI needs to support TDM inter-leaved NB-PUSCH and NB-PDSCH transmission for the same NB-IoT UE. 
Proposal 3: UE-specific search space and DCI design need to consider the support of TDM inter-leaved NB-PUSCH and NB-PDSCH transmission. 
Conclusions
In this contribution we first discussed the potential problem of time and frequency synchronization during NB-PUSCH transmitting for NB-IoT UEs and then presented a TDM inter-leaved NB-PUSCH and NB-PDSCH transmission scheme. Based on the discussion, we have the following proposals:
Proposal 1: Schemes need to be discussed for NB-IoT UEs in enhanced coverage to track time and frequency offset within the long transmission time of NB-PUSCH.
Proposal 2: TDM inter-leaved NB-PUSCH and NB-PDSCH transmission for an NB-IoT UE as shown in figure 1 is supported.
Proposal 3: UE-specific search space and DCI design need to consider the support of TDM inter-leaved NB-PUSCH and NB-PDSCH transmission. 
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