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Introduction
In RAN #75 meeting, FeNB-IoT was approved as a work item [1]. The objective is to achieve further latency and power consumption reduction, to achieve narrow band measurement accuracy improvements, to achieve NPRACH reliability and coverage enhancements, to reduce system acquisition time, and to specify additional features including small cell. The objectives apply to the in-band, guard-band, and standalone operation modes.
According to [1], the objective of NPRACH reliability and coverage enhancements in FeNB-IoT is described as follows:
NPRACH reliability and range enhancements
· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]
· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]
In RAN1 #92bis meeting, the following agreement was made regarding NPRACH reliability enhancement [2]:
	Agreement: 
Confirm the following working assumption made in RAN1#92.
· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
· Down-select the following alternatives at RAN1#92bis:
· Symbol level scrambling
· Symbol group scrambling



In this contribution, we discuss the remaining issues on reliability enhancements for NPRACH. In this contribution, we define the enhanced preamble as the preamble for NPRACH reliability enhancement and the legacy preamble as the preamble for the legacy NB-IoT. 

Preamble structure for reliability enhancement for NPRACH
According to agreement in last meeting, there are two alternative ways for NPRACH reliability enhancement. We tend to think the symbol-group level scrambling suits our overall preamble design because in addition to the clear benefit of NPRACH resource sharing, it is free from the concerns on the PAPR increase and/or inter-tone interference arising from the potential asynchronous UEs. 
[image: ]
Figure 1 Symbol group-level scrambling for NPRACH reliability enhancement 

Proposal 1: Adopt symbol group-level scrambling for NPRACH reliability enhancement.

Remaining issue on reliability enhancements for NPRACH 
In this section, we discuss the NPRACH resource configuration of enhanced preamble for NPRACH reliability enhancement. 
According to agreement at RAN1 #92bis meeting, enhanced preamble should share the same NPRACH resources as Rel-13 NPRACH formats. Therefore, the resource for enhanced preamble can be allocated by the partitioning of legacy NPRACH resource and the parameter that indicates where the enhanced preamble can be transmitted should be configured by system information block(s) (e.g., SIB2-NB and/or SIB22-NB). For example, enhanced preamble can be transmitted in certain part of resources for contention free transmission, and the parameter can be broadcasted by system information block(s).

Proposal 2: The partitioning of legacy NPRACH resource is supported for NPRACH reliability enhancements and the new resource allocation parameter for enhanced preamble should be broadcasted as system information.

Aforementioned resource allocation parameter can be independently configured according to the CE level and/or the carrier in order to achieve efficient resource management of eNB. If the new resource allocation parameter may be independently configured according to the CE level and/or the carrier, the enhanced NB-IoT UE can select the carrier based on that information in RACH procedure. Using this step in RACH procedure, undesirable situations can be eliminated such as the NB-IoT UE with capability of enhanced preamble transmission may select the carrier without NPRACH resource for enhanced preamble for an appropriate CE level.
If NB-IoT UE has the capability of enhanced preamble transmission and if the carrier(s) with NPRACH resource for enhanced preamble exist(s) at certain CE level, the NB-IoT UE can choose one carrier with NPRACH resource for enhanced preamble at that CE level by using configured carrier selection probability as mentioned above. However, if NB-IoT UE has the capability of enhanced preamble transmission but if any carrier with NPARCH resource for enhanced preamble does not exist at certain CE level, it is desirable for enhanced NB-IoT UE to choose the carrier with the NPRACH resource for legacy preamble at that CE level by using configure carrier selection probability.
After the carrier selection step, the NB-IoT UE can transmit preambles within selected NPRACH resource. Although either legacy preamble or enhanced preamble has been transmitted by enhanced NB-IoT UE for maxNumPreambleAttemptCE times, and if the NB-IoT UE does not receive the RAR properly in RAR window at certain CE level (e.g., if certain CE level may be CE level 0), the NB-IoT UE sets up the CE level to the next CE level (e.g., next CE level will be CE level 1), and chooses one carrier with NPRACH resources according to aforementioned manner. To be specific, the NB-IoT UE with the capability of enhanced preamble transmission should select the carrier with NPRACH resource among the NPRACH resources for enhanced preamble for an appropriate CE level.

[bookmark: _GoBack]Proposal 3: A UE supporting enhanced preamble transmission shall select the legacy NPRACH preamble only if there is no NPRACH resource for the enhanced preamble in the corresponding CE level.

Conclusion
In this contribution we discussed the preamble structure and further considerations for NPRACH enhancement. We propose the followings:

Proposal 1: Adopt symbol group-level scrambling for NPRACH reliability enhancement.
Proposal 2: The partitioning of legacy NPRACH resource is supported for NPRACH reliability enhancements and the new resource allocation parameter for enhanced preamble should be broadcasted as system information.
Proposal 3: A UE supporting enhanced preamble transmission shall select the legacy NPRACH preamble only if there is no NPRACH resource for the enhanced preamble in the corresponding CE level.
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