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1 Introduction
In RAN2 #91bis and RAN2 NB-IoTAdhoc meetings, there are agreements on contention based RACH and contention free RACH.

· Contention-based random access should be supported for NB-IOT. 
· We assume that we don’t need to support contention free RACH / dedicated preambles for Handover or other reconfigurations in this release. The need for contention free RACH in the future or for other purposes, e.g. PDCCH order is FFS.
In this document, random access procedure is discussed according to the use cases in NB-IoT. 
2 Discussion
2.1 Use case for RACH procedure

In NB-IoT, only a subset of functionalities in LTE is supported. As for RACH use case, also a subset of use cases is support as list in table1. 
Table1. Valid RACH procedure in NB-IoT
	Contention based RACH in LTE
	Non-contention based RACH in LTE
	Valid in NB-IoT

	Initial access from RRC_IDLE
	
	Yes. for both CP and UP solution

	RRC Connection Re-establishment procedure
	
	Yes. only for UP solution 

	Handover
	Handover
	Not support Handover

	DL data arrival during RRC_CONNECTED requiring random access procedure:
E.g. when UL synchronisation status is "non-synchronised".
	DL data arrival
	No need in short RRC connections.



	UL data arrival during RRC_CONNECTED requiring random access procedure:
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
	
	Yes. 

	
	Positioning
	Not needed in R13

	
	Obtaining timing advance alignment for a sTAG
	Not support CA


According to the analysis in table1, the typical use cases in NB-IoT are: initial access from RRC_IDLE for both CP solution and UP solution, RRC connection re-establishment for only UP solution, and the UL data arrival during RRC_CONNECTED. The three use cases requires to perform the Contention based RACH procedure.
In most cases, the RRC connection is short-lived and the UL synchronization will never be lost, thus there will be no need to resynchronise via a random access procedure in case of DL data arrival. In the rare cases where the UL synchronisation would be lost, it is possible to use contention based RACH to achieve the UL synchronization. Consequently, the contention based RACH can satisfy all NB-IoT requirements.
Proposal 1: Only Contention based RACH is supported in NB-IoT.
In NB-IoT, the common understanding is that there is no PUCCH, so SR on PUCCH is not possible. UL data arrival during RRC_CONNECTED requires random access procedure when there is no UL resource available. 
There are three possible use cases: 

· UL data arrival during MO data call;

· UL data arrival during MT data call;

· RLC status report in UL;
According to [1], multiple UL data PDU transmission is a valid scenario. Also, in a MT call, the DL data may need an application layer acknowledgement. As a result, UL data arrival during RRC_CONNECTED is a valid scenario. In LTE, when there is no PUCCH resource for SR available, a contention based RACH procedure is triggered upon UL data arrival during RRC_CONNECTED. The same should apply to NB-IoT.
Proposal 2: A contention based RACH procedure is performed at UL data arrival in RRC_CONNECTED. 
Note that it is proposed in [3] that the UE does not request uplink resources only to transmit a RLC STATUS PDU, but waits for the eNB to provide a UL grant after setting the poll bit.
2.2 Random access procedure
The contention based RACH procedure starts with random access preamble transmission on the selected PRACH resource from the UE to the eNB. The PRACH time/frequency resources vary between coverage levels. The UE determines its initial coverage class based on the received signal strength and selects a corresponding PRACH resource to transmit preamble.

In eMTC, preambles are divided into group C, D, E, and F according to different coverage levels. UE selects a preamble group according to its RSRP measurement, we assume a similar design is used in NB-IoT.
Proposal 3: Preambles classification according to coverage levels in eMTC is reused in NB-IoT. UE selects a preamble group according to its coverage level.
Once the Random Access Preamble is transmitted, the MAC entity shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI defined below. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+10*f_id

However, the design of PRACH in NB-IoT is very different from LTE eMTC, a new formula to calculate RA-RNTI needs to be designed in NB-IoT.

Proposal 4: The formula to calculate RA-RNTI is FFS, depending on the RAN1 design on radio resource used for Random Access procedure.
3 Conclusion

In this document, it is discussed the RACH procedure for NB-IoT and we have the following proposals:
Proposal 1: Only Contention based RACH is supported in NB-IoT.
Proposal 2: A contention based RACH procedure is performed at UL data arrival in RRC_CONNECTED. 

Proposal 3: Preambles classification according to coverage levels in eMTC is reused in NB-IoT. UE selects a preamble group according to its coverage level.
Proposal 4: The formula to calculate RA-RNTI is FFS, depending on the RAN1 design on radio resource used for Random Access procedure.
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