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1 Introduction
 RAN2 #54 discussed the E-UTRAN random access procedure based on Figure 1 [1]. However, the concrete information elements to be carried on each message have not been decided yet. Therefore, this paper discusses the contents to be tranmitted on each message from the random access preamble to message 3 in Figure 1 and derives the preferable initial access procedure.
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Figure 1: Non-synchronised random access procedure considered for E-UTRAN.
2 Discussion
2.1 Applicable cases for non-synchronised access preamble
Table 1 summarises the cases where a non-synchronised access preamble is transmitted, with an indication of whether a UE has a relevant C-RNTI or not.
Table 1: Applicable cases for non-synchronised access preamble
	#
	Applicable cases
	UE has a relevant C-RNTI
	Notes

	1
	Initial access
	No
	L3 message

Initial access is used to request UL-SCH resources for sending a connection request in ATTACH, TAU (tracking area update), RRC_IDLE to RRC_CONNECTED or radio link failure procedures.

	2
	HO complete
	Yes
	L3 message (Mobility)

It is FFS whether sync. access preamble shall be applied to the HO complete in case the HO is intra-eNB.

	3
	UL resource request
	Yes
	L2 message

UL resource req. is used to request UL resources when UL traffic arrives.

Note that there may be other means to send this request than non-sync. Access preamble (e.g. Sync access preamble, pre-allocated resource).

	4
	UL sync. Request
	Yes
	L1 message
UL sync. req. is used for DL data transmission.


2.2 Contents of non-syncronised access preamble
Since the non-synchronised access preamble size is restricted to merely 4-6 bits by the summary of RAN1-2 joint meeting in Cannes [2], the information to be carried by a non-synchronised access preamble should be designed with meticulous care. As such, the necessary information for all the cases listed in Table 1 is discussed below:
· Random ID
· It is necessary for contention resolution.

· However, cell identification schemes on the random access burst (e.g., cell scrambling) should be investigated in order to reduce the inter-cell RACH access collision probability.

· Pathloss (or CQI)
· It may be necessary for efficient UL scheduling grant.
· Moreover, it may be necessary for efficient resource allocation (e.g., MCS and transmission power for response) on the DL.

· Pathloss may be represented by the random ID [3].

· For example, if the number of available signatures was 16 (the same as in UMTS) and the level of pathloss was “small,” the UE can choose a random ID of either 2, 3, or 4, as shown in Table 2. This mapping table can be transmitted as system information.
Table 2: Example of pathloss indication using random ID

	Random ID
	Pathloss

	1
	Very small

	2, 3, 4
	Small

	5, 6, 7, 8, 9
	Large

	10, 11, 12, 13, 14, 15, 16
	Very large


· Cause ID
· It is necessary for efficient resource allocation on the UL.
· If a sufficient number of bits can be allocated to the cause ID and the sizes of connection requests in ATTACH, TAU, RRC_IDLE to RRC_CONNECTED or radio link failure are different, each row in Table 1 can be given a separate purpose ID.
2.3 Contents of random access response
After a non-synchronised access preamble has been received by the eNB, the eNB shall respond with the contents listed in Table 3. If eNB assigns a C-RNTI to the UE in random access response, HARQ can be applied to message 3 and the reliability of message 3 can be assured. Assuming a collision probability of 1%, at least 99% users can benefit from HARQ. This is clearly very effective to improve the error rate for cell edge users. Therefore, it is preferable to assign the C-RNTI in random access response.
Table 3: Contents of random access response
	#
	Cause
	Contents

	1
	Initial access
	Random ID

Timing advance
UL scheduling grant
C-RNTI

	2
	Handover complete
	Random ID

Timing advance

UL scheduling grant

	3
	UL resource request
	Random ID

Timing advance

UL scheduling grant

	4
	UL synchronization request
	Random ID

Timing advance


  With regard to physical channel mapping of each content transmitted on random access response in the initial access, there are two alternatives pending the detailed structure of L1/L2 control channel to be determined in RAN1.
· Alternative 1: All the contents of random access response is transmitted using DL shared data channel.
· Alternative 2: Among contents of random access response, UL scheduling grant and/or TA is transmitted using DL L1/L2 control channel. Other contents such as C-RNTI are transmitted using DL shared data channel.

Moreover, whether the radio resources used for transmitting random access response are pre-determined or dynamically scheduled should be determined considering L1/L2 control channel capacity. Considering the current status in RAN1 (only a few L1/L2 control channel can be allocated in one TTI), the L1/L2 control channel capacity may be limited. Then, the pre-determined solution is preferable.
2.4 Contents of message 3
Although it is assumed for the UE to transmit an L2 or L3 message as message 3 on the granted UL resource, it is preferable to transmit L3 message as message 3, that is one step procedure, from the perspective of latency.
The current working assumption is that in message 3, initial direct transfer is concatenated with RRC connection request [4]. Therefore, the size of message 3 will be equal to or larger than the RRC Connection Request (168bits) in UMTS. 
R1-062576 [5] evaluated the HARQ gain applied to a UL message. The maximum number of bits per single-TTI for UL message transmission without HARQ will be approximately 26 bits, which is insufficient for transmitting message 3. The maximum number of bits per single-TTI for UL message transmission will be approximately 52 bits with one retransmission and 76 bits with two retransmissions.
One concern about HARQ introduction for message 3 is the latency of call setup procedure. However, the maximum delay is 4 ms with one retransmission and 8 ms with two retransmissions in case the HARQ RTT is assumed to be 4 ms. This delay is applicable only if HARQ retransmission occurs. The impact of latency is hence insignificant and it is more important to assure the reliability for message 3. Therefore, it is preferable to allocate the C-RNTI in random access response and apply HARQ to message 3.
3 Proposal

 The following proposals are made:

· The contents to be transmitted on a non-synchronised access preamble are:

· Random ID,

· Pathloss (if possible), and

· Cause ID.

· The contents to be transmitted on a random access response in initial access are:
· Random ID

· UL scheduling grant,

· Timing advance, and

· C-RNTI.

· However, physical channel mapping and resource allocation of each content transmitted on the random access response should be discussed after detailed structure of the L1/L2 control channel is decided in RAN1.
· The message 3 in initial access should transmit an L3 message, in which the initial direct transfer is concatenated with the RRC connection request, to reduce latency.
· It is preferable to allocate the C-RNTI in random access response and apply HARQ to message 3 because message 3 requires reliability.
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