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1 Introduction
In previous RAN2#56 meeting in Riga, proposals for RACH procedure were discussed and based on the discussion; a number of agreements were made. However, C-RNTI allocation timing and the HARQ applicability to Msg4 have been identified for email discussion. Two different C-RNTI allocation schemes 

Alt_1). C-RNTI allocation in Msg2 

Alt_2). C-RNTI allocation in Msg4; 

have been compared during the email discussion [1].  The main drawbacks identified in Alt 1 are an increase in the size of message 2 due to the inclusion of the C-RNTI and effects of unnecessary allocation of C-RNTI in the case of connected state UEs. The difficulty of use of HARQ on message 4 is seen as the main drawback of Alt 2. 

In this contribution we discuss the necessity for allocation of “permanent C-RNTI” at message 4 and applicability of HARQ for message 4 in initial access scheme and propose a method which avoids allocation of C-RNTI at message 2 but at the same time enables use of HARQ on message 4.

2 Discussion
As shown in [2], the allocation of C-RNTI in message 2 increases size of the message 2. This would increase the error probability at cell edge [1]. Also, since message 2 is intended for all UEs access on a RACH channel, message 2 needs to be transmitted such a way that the cell edge or the UE who is furthest away from the cell centre will be able to receive the message. Hence, the transmission power of message 2 needs to be large enough. The increase size of the message 2 further increases the transmission power needed.

Conclusion 1: optimisation of size of message 2 and its transmission is required. 

According to Alt_1, C-RNTI is allocated before the contention is resolved. However, only the UE that successfully resolves the contention will keep the allocated C-RNTI. After receiving the message 4, the UE who is unsuccessful will retry by selecting a different preamble. If the unsuccessful UE does not receive the message 4, then it will wait until a timer (contention resolution timer) expires before retrying. This means subsequent DL messages (message 5) to the successful UE should only be sent after the expiry of the contention resolution timer in order to avoid the unsuccessful UE receiving the message in the case that the same C-RNTI (assigned at message 2) is used. For example in the case that, "RRC connection setup message" is sent following the "contention resolution message", the RRC connection setup message should be delayed until the contention expiry timer is expired, hence delaying the initial access procedure for the successful UE. If a permanent C-RNTI is allocated at message 4, corresponding DL communication (e.g. RRC connection setup) can commence without any delay. 
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Figure 1: an illustration on the requirement for permanent C-RNTI allocation in message 4.
Conclusion 2: allocation of permanent C-RNTI at message 4 avoids unnecessary delaying of message 5 hence reduces the time required for connection establishment. 
The requirement for HARQ on message 4 was discussed during the email discussion and was based on the reliability and resulting delay to the initial access procedure in the case that no HARQ is applied on message 4. The simulation results are shown in [3, 4]. 

Another reason for use of HARQ on message 4 is to avoid possible radio resource wastage on message 5 in case the intended UE does not correctly receive message 4. If C-RNTI is allocated at message 4 and HARQ is not used for the transmission of message 4, the eNodeB would not be able to find out whether the message 4 is correctly received by the intended user or not. In this case, eNodeB will schedule the transmission of message 5 while addressing the user by the allocated C-RNTI. If the message 4 is not received by the UE, the transmission of message 5 is wasted. Not only the radio resources use but also L1/L2 control channel resources, which is an important factor in LTE, is wasted.

Conclusion 3: Message 4 is required to be transmitted using HARQ.
3 Proposal

Three conclusions drawn in section 2 suggests that: 

· the size of message 2 should be minimised

· permanent C-RNTI should be allocated at message 4

· message 4 should be transmitted using HARQ.

Based on the drawn conclusions, a C-RNTI allocation for initial access procedure is proposed. The proposal guarantees that the use of message content and format for message 2 and message 4 is the same as for Alt_2 and use of HARQ on message 4. The proposed scheme is illustrated in Figure 2.
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Figure 2: an illustration of operation of the proposed scheme.
The initial access user, initiates the access transmitting a randomly selected preamble on non-synchronous RACH channel. Upon reception of the preamble, the eNodeB responds to the users by granting uplink resources and signaling the TA. The users are addressed for the RACH response using RA-RNTI. The actual message is sent over the DL-SCH as agreed in RAN2#56. No C-RNTI is allocated at message 2. However, the RA-ID is implicitly associated with a C-RNTI (I-CRNTI). Hence, a number of C-RNTIs should be reserved for the use of initial access. After decoding the message 2, the UE transmits message 3 over the allocated UL resources. 
Message 4 is transmitted over DL-SCH. The intended user is addressed using the I-CRNTI. This allows the use of HARQ on message 2. The message content including the permanent C-RNTI is sent over the DL-SCH. 

4 Conclusion

In this paper, we discuss the open issues regarding initial access procedure and C-RNTI allocation and identify the requirements for application of HARQ on message 4 and optimisation of the size of message 2. We propose an initial access scheme which avoids the allocation of C-RNTI at message 2 but at the same time allows the use of HARQ on message 4.  RAN2 is requested to discuss the content of this contribution and consider the proposed scheme in selecting a C-RNTI allocation method during the initial access procedure.
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2). Random access response [RA-ID, UL grant, TA, …….] users are addressed using RA-RNTI
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 Message 5 [in case C-RNTI is allocated at message 4]
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