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1. Introduction
The non-synchronized random access channel (RACH) is used for the initial physical channel connection including resource request for channel-dependent scheduling in the uplink. At the RAN1 #45 meeting, we agreed that the number of bits conveyed through the non-synchronized RACH is four to eight bits using only a preamble sequence [1]. Therefore, in this contribution, we present our views on a non-synchronized random access procedure considering the given number of bits in the non-synchronized RACH.

2. Proposed Features for Non-synchronized RACH

The proposed features for the non-synchronized RACH are given below.

· Purposes of non-synchronized random access

· Received timing measurements for time alignment
· Requesting UE ID that is given by the Node-B

· Uplink resource request for sending the L2/L3 message such as the RRC message, NAS message, or detailed scheduling request information

· Preamble signal

· A CAZAC (constant amplitude zero auto-correlation) sequence is used as a preamble signature sequence to achieve good detection probability.
· Available radio resources

· The non-synchronized RACH is transmitted only using the assigned frequency band at a sub-frame. The UE is informed of the assigned frequency band using the downlink broadcast channel (BCH) [2].

· The transmission timing of the non-synchronized RACH is determined based on the received timing of the downlink signal such as the common pilot channel (reference signal). Therefore, the non-synchronized RACH is transmitted before the received timing is aligned within the cyclic prefix (CP) duration.

· Transmission power control

· The transmission power of the RACH can be determined through open-loop transmission power control so that distance-dependent path loss and shadowing variation are basically compensated. 

· Frequency hopping

· Frequency hopping at each RACH packet is beneficial to improving the detection probability, if the system bandwidth is larger than the bandwidth assigned to the RACH.

3. Proposed RACH Structure and Its Procedures

We propose grouping of the purposes for the non-synchronized RACH and the corresponding purpose group indices as shown in Table 1. Needless to say that the most important purpose of the non-synchronized RACH is the uplink timing synchronization. For the purposes of initial access (LTE_IDLE to RRC_CONNECTED state), RRC re-establishment, and handover (HO) failure, the UE requests Node B to acquire the cell-specific UE ID, i.e., the Cell specific-Radio Network Temporary Identifier (C-RNTI). Meanwhile, for the purposes of the uplink data transmission, the uplink synchronization for downlink data transmission, and HO complete, the UE can use the C-RNTI, which has been assigned from the connected Node B.
Table 1 – Purpose of non-synchronized random access procedure

	Purpose
	UE has UE ID (C-RNTI)?
	Contents of message part
	Purpose group index

	Initial access
	No
	L3 message (basically large message size)
	#1

	RRC re-establishment
	
	
	

	HO failure
	
	
	

	UL data transmission
	Yes
	UL scheduling request
	#2

	UL synchronization for

DL data transmission
	
	Uplink synchronization request
	#3

	HO complete
	
	HO complete
	#4


As was agreed, the number of available bits for the non-synchronized RACH is limited to four to eight bits from the viewpoint of sufficient coverage provisioning. Thus, sending a detailed scheduling request or message information for all purposes does not constitute an appropriate approach.
Instead, we propose to transmit a two-bit group index of the random access purpose, which is indicated in Table 1 in addition to a random ID using the non-synchronized RACH. As shown in Table 1, from the group index of the random access purpose, the Node B can identify the need for the C-RNTI feedback and size of the message to be conveyed using the shared channel. Figure 1 shows the procedure using non-synchronized RACH with the proposed two-bit group index of the random access purpose. The non-synchronized random access is processed as follows.

· UE transmits the non-synchronized RACH.

· The preamble sequence is selected according to the Random ID selected by the UE randomly. Otherwise, a random ID can be selected according to the rough CQI value or UE power headroom using a one-to-one corresponding manner [3]-[5]

· Purpose group index is also indicated by the selected preamble sequence.

· Node B sends a response to the non-synchronized RACH via the downlink.

· Timing adjustment is determined by the received timing of the non-synchronized RACH.

· Uplink shared radio resources are allocated to the UE. The amount of the shared radio resources is determined by the expected message size that is indicated by the purpose group index and CQI value if available. 

· If the received purpose group index is #1, and Node B allocates new C-RNTI to the UE.

· The UE sends the control message information using the allocated uplink shared radio resources.

· C-RNTI can be used for managing this shared channel transmission in the same way as that in the normal shared data channel transmission.

· When the entire message is not transmitted using the initially assigned radio resources, additional shared radio resources are allocated by the Node B based on more accurate CQI. 

· HARQ can be applied.

· After finishing the RACH message transmission, actual data transmission starts.
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Figure 1 – Non-synchronized random access procedure using RACH that transmits random ID and purpose group index

Figure 2 shows the non-synchronized random access procedure using the RACH only transmitting a random ID as a reference. In this case, after the response to the non-synchronized RACH from the Node B, the UE must send the purpose group index before sending a message.
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Figure 2 – Non-synchronized random access procedure using RACH that transmits only random ID

Table 2 summarizes the merits and demerits of the non-synchronized procedure in Fig. 1 and Fig. 2.

Table 2 – Comparison of two non-synchronized random access procedures
	Procedure
	RACH with purpose group index
	RACH without purpose group index

	Coverage
	Slightly degraded
	Good

	Processing delay
	Short
	Long

	Random ID management at Node B
	Not needed
	Needed


The coverage of the non-synchronized RACH with the purpose group index is slightly degraded compared to that of the non-synchronized RACH without the purpose group index, since two additional bits are transmitted using the RACH. However, as described in the next section, this impact is very small. 

From the viewpoint of the processing delay, the non-synchronized RACH with the purpose group index is superior to the non-synchronized RACH without the purpose group index, since only one step is necessary to transmit message information. The use of the non-synchronized RACH with the purpose group index is also beneficial since the Node B only needs to manage the UE ID (C-RNTI) in the MAC layer. Meanwhile, when the non-synchronized RACH without the purpose group index is used, since the UE ID is allocated to the UE after shared channel transmission, the Node B must manage both the UE ID, which is used for normal shared channel transmission, and a random ID, which should be used temporarily by the UE without the UE ID. Therefore, the UE ID allocation after non-synchronized RACH transmission makes management of the UE IDs at the Node B simple. It should be noted that in the above-described procedure, we assume that the UE ID (C-RNTI) is managed by the Node B (not by an upper node such as AGW).

Therefore, we prefer a one-step random access procedure with the non-synchronized RACH employing the proposed two-bit group index of the random access purpose. 
4. Coverage Evaluation
In this section, we evaluate the achievable coverage for both the non-synchronized RACH with and without the purpose group index. Table 3 shows the required average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) of the RACH preamble for achieving the misdetection probability of 10-2 from [3]. We assumed the typical six-ray Urban channel model and the RACH transmission bandwidth of 5 MHz.

Table 3 – Required received Es/N0 for miss detection probability of 10-2
	Number of bits in RACH
	RACH preamble length

	
	0.4 msec
	0.8 msec
	1.2 msec

	4 bits
	-15.0 dB
	-18.0 dB
	-19.7 dB

	6 bits
	-14.6 dB
	-17.6 dB
	-19.3 dB


We assumed that the non-synchronized RACH with and without purpose group index transmits a four-bit random ID and a two-bit purpose group index, i.e. a total of six bits.

Meanwhile, based on [6], path loss L (dB) can be represented using Eq. (1) [7], [8].
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where

· R is the distance between the Node B and the UE in kilometers;

· f is the carrier frequency (2000 MHz); and

· hb is the Node B antenna height in meters.

Then, when we assume the UE transmission power of 21 dBm, the Node B receiver antenna gain of 14 dBi, short-term path loss due to shadowing of 8 dB, thermal noise density of -174 dBm/Hz, and the noise figure at the Node B of 5 dB, the achievable coverage (distance between the UE and Node B) R (km) for the Node B antenna height hb = 15 and 50 m, as summarized in Table 4.

Table 4 – Achievable distance between UE and Node B

	Number of bits in RACH
	Node B antenna height
	RACH preamble length

	
	
	0.4 msec
	0.8 msec
	1.2 msec

	4 bits
	15 m
	2.65 km
	3.18 km
	3.53 km

	
	50 m
	6.17 km
	7.66 km
	8.66 km

	6 bits
	15 m
	2.58 km
	3.10 km
	3.45 km

	
	50 m
	6.00 km
	7.45 km
	8.41 km


From Table 4, we can see that the degradation in coverage by sending two additional bits using the non-synchronized RACH is very small. Note that the two-bit increase is the worst case since the Node B is implicitly informed of the purpose group index using the selected preamble sequence.

5. Conclusion
In this paper, we presented our view on the non-synchronized random access procedure assuming the agreed number of bits conveyed using the non-synchronized RACH. We proposed grouping the purposes of non-synchronized RACH and the corresponding purpose group indices. Moreover, we proposed to transmit a two-bit group index of the random access purpose in addition to a random ID using the non-synchronized RACH. Finally, our preference is a one-step non-synchronized random access procedure using the non-synchronized RACH with the purposed group index transmission.
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