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1. Introduction
In LTE, two random access mechanisms are currently considered:

· non-synchronized random access, and

· synchronized random access.

Non-synchronized random access is used when the UE has no uplink synchronization, e.g., at initial power-up. Its main purpose is to obtain synchronization of the uplink, but it may also serve as an implicit resource request, e.g., the network responds to a non-synchronous random access by assigning uplink resources to the UE for subsequent transmissions, of, e.g., RRC signaling.

Synchronized random access is used when uplink synchronization is present. Its main purpose is to request uplink resources from the Node B scheduler. As a minimum, it should be possible to transmit a synchronized random access when the UE does not have a valid scheduling grant. As uplink synchronization is present, and thus no guard time is necessary, the payload send in an synchronized random access can be larger than in the non-synchronized case.  In case the UE has a valid scheduling grant, inband scheduling information can be used to update the Node B scheduler about the UE status (buffer, power headroom, etc).

The random access transmission can only occur in preconfigured time/frequency resources, i.e., the main multiplexing strategy between user data and random access is TDM/FDM. Furthermore, at the joint RAN1/RAN2 meeting in Athens, a synchronized random access payload of 32 bits was assumed. This paper discusses the amount of information possible to convey in a synchronized random access, as well as some delay aspects.

2. Synchronized Random Access

2.1. Message Size
Unlike scheduled data transmission, link adaptation and frequency-domain scheduling is not easily supported for the synchronized random access. Hence, the amount of information possible to convey in a synchronized random access depends on the worst-case SNR that can be experienced on the uplink.

In Figure 1, a cdf of the expected SNR at the Node B (two receive antennas, interference-rejection combining) is plotted for case 1 (500 m ISD, 20 dB penetration loss) and case 3 (1732 m ISD, 20 dB penetration loss). The different colors correspond to different activity levels in neighboring cells. From this plot, it can be seen that approximately 5% of the UEs will be received as an SNR of -15 dB or less in case 3. According to Figure 2 an Eb/N0 of approximately 2.2 dB is required for a block error probability of 1% in AWGN. Assuming QPSK modulation of the message part and the uplink numerology in ‎[1], the maximum number of bits transmitted in one 0.5 ms subframe can be calculated. The results are captured in Table 1. Note that the results are optimistic (AWGN link results, at most ISD 1732 m considered, etc). Thus, it is questionable whether the 32 bits discussed at the joint meeting is supportable in all environments. Furthermore, as the random access is a contention-based channel, some of the bits above may be needed for (part of) the UE ID.
	Number of ‘subcarriers’
	Cell-edge C/I
[dB]
	Required Eb/N0
[dB]
	Maximum Payload size

	900 (2.5 MHz)
	-15
	2.2
	17


Table 1: Maximum payload size for synchronous random access.
2.2. Delay Aspects

Assuming a TDM/FDM structure, synchronized random access is only possible at predefined time instants. Reserving 1 out of n subframes for synchronized random access implies an average delay of n/2 subframes before it is possible to transmit a synchronized random access and request resources. This should be communicated to RAN2 as it may impact their discussion on the scheduling design. If there is a need for more frequent scheduling requests (synchronized random access), a different structure may be needed, probably with a significantly smaller number of bits.
3. Conclusion
Some aspects of the synchronized random access have been discussed. It is suggested to communicate the findings to RAN2 for their work on the scheduler design.
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Figure 1: Uplink SNR for 2-antenna IRC combining and different levels of transmission activity in neighboring cells. Each user is assigned 2.5 MHz for transmission.
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Figure 2: BLER in AWGN for R=1/2 and R=1/3 convolutioal coding.
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