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1 Introduction

In RAN2 #91bis, random access (RA) for NB-IoT had been discussed. Consensus was achieved [1]:

· Contention-based random access should be supported for NB-IOT. 
· We assume that RACH configuration may be different per coverage level. 

· RAN2 will wait for RAN1 with respect to message RACH vs. preamble RACH
In this paper, we share our views on the contention based RA considering the preamble-based transmission (preamble-based RA) and the message-based transmission (message-based RA) in step 1 for NB-IoT in Rel-13. 
2 Discussion
The operations of the preamble-based RA and the message-based RA are briefly described. 

2.1 Preamble-based random access 

Rel-8 contention based RA procedure is illustrated in Figure 1. Message 1 is a contention based (CB) preamble transmitted in the random access channel. Message 2 is a random access response (RAR) containing preamble index, the Timing Advance (TA), UL grant for message 3 and a temporary C-RNTI.  Message 3 contains RRC connection request (S-TMSI and establishment cause) when device is in RRC idle; or, it contains C-RNTI MAC control element (CE) and data/BSR MAC CE in RRC connected. Message 4 contains S-TMSI with RRC connection setup as a contention resolution when device is in RRC idle; or, it contains UL grant on PDCCH DCI format 0 using C-RNTI scrambling for contention resolution in RRC connected. Upon successfully receiving message 4 within the MAC contention resolution timer, the RA is completed.  
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Figure 1: Contention based Random Access Procedure
In Table 1, we show an example of the occupied resource and the associated transmission channel for each message for the preamble-based RA. Assume that the MSG3 contains the UE ID (S-TMSI) and the RRC establishment cause; contention resolution contains the UE ID and the RRC connection configuration. 

Table 1 Message size and the associated channel for preamble-based RA

	MSG
	Preamble
	RAR
	MSG3
	HARQ 
	CR

	DL CH
	
	PDCCH+PDSCH
	
	PHICH
	PDCCH+ PDSCH

	UL CH
	PRACH
	
	PUSCH
	
	

	Size
	6 PRBS
	7 Bytes
	7 Bytes
	
	32 Bytes


The 4-step RA procedure specified in Rel-8 can be applied for NB-IoT for in-band, guard band and standalone operations. It is expected that the RA preamble format and physical random access channel (PRACH) will need to be re-designed by RAN1. We can consider Rel-8 contention based RA procedure as the baseline solution for NB-IoT.
Proposal 1: Rel-8 contention based RA procedure is the baseline solution for NB-IoT. 
2.2 Message-based random access

In [2], a 4-step messaged-based RA procedure and a 2-step messaged-based RA procedure have been proposed in NB-CIoT. When a device is not in connected mode, it can initiate a random access procedure with a random number (4-step message-based RA). When a device has a valid C-RNTI, it sends a message containing C-RNTI and BSR to request uplink PUSCH resources (2-step message-based RA). The flows of message-based RA proposed in [2] are shown in Figure 2.
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Figure 2: Message-based RA procedures for device with (a) random number; b) C-RNTI.
For the 4-step message-based RA, it does not reduce the number of handshaking as compared with the preamble-based RA. Besides, the random sequence should be newly designed. Since the preamble-based RA is considered as a baseline solution for NB-IoT, we can use preamble transmission in Step 1 no matter whether any changes on the following procedure will be made, e.g., the content of message 3, or not. Thus, it is not necessary to consider the 4-step message-based RA for NB-IoT. 
In contrast, as considering the 2-step message-based RA, the RA preambles in Step 1 and the RAR in Step 2 have been removed. The device sends its valid device ID (either C-RNTI or S-TMSI) with BSR or small data packet in the contention based PUSCH in Step 1. eNB responses an UL grant or acknowledge with C-RNTI if the message in Step 1 is successfully decoded. This mechanism simplified the legacy RA procedure and is an enhancement of the legacy RA. It saves at least 6 PRBs for the preamble transmission in the UL and at least 7 bytes RAR in the downlink. In addition, the original 4-way handshaking is reduced into 2 steps so that the access latency can be reduced; it is beneficial for the device battery life.   

2.3 RA enhancement in the future release
The 2-Step message-based RA removes the first two signaling in the legacy RA procedure. It has fewer handshaking between eNB and the devices so that the latency of decoding each message can be reduced. In addition, the overall signaling overhead is smaller than the preamble based RA for small UL data packet transmission. 
However, to support a new RA mechanism, a new contention based PUSCH and the transmission scheme should be designed. Considering many essential issues needed to be solved within the limited time frame in Rel-13 and also the time-to-market, we suggest that the message-based RA is not considered in Rel-13; instead, it can be considered in the future release. 
Observation: Message-based RA is beneficial for the signalling overhead and the latency reduction. However, it is difficult to standardize this solution within Rel-13 timeframe; it can be considered in the later release.

Proposal 2: Message-based RA can be considered in the later release.
3 Conclusion
In this contribution, the mechanisms of the preamble-based RA and the message-based RA are described and compared. Two proposals are made: 
Proposal 1: Rel-8 contention based RA procedure is the baseline solution for NB-IoT. 
Observation: Message-based RA is beneficial for the signalling overhead and the latency reduction. However, it is difficult to standardize this solution within Rel-13 timeframe; it can be considered in the later release.

Proposal 2: Message-based RA can be considered in the later release.
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