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1. Introduction

There were several contributions on synchronized random access channel in previous meetings [4-6]. In this document, we further discuss the design of the synchronized random access channel for E-UTRA. 
2. Design considerations of synchronized random access channel
Compared to non-synchronized random access, synchronized random access differs in the following aspects: 
1. Synchronized random access carries an explicit message part. It is agreed in RAN 1 #45 meeting that 24 bits can be sent per user per sub-frame. 
2. Synchronized random access is used when the UE uplink is time synchronized by the Node B. 
Based on 1, we know that within the synchronized random access region there will be time frequency resources units reserved for the explicit message part. Therefore, the number of synchronized random access opportunities per random access region is no greater than the number of time frequency resources units reserved for the explicit message part.
Based on 2, we know if a preamble sequence similar to non-synchronized random access [1-3] is used, then the number of different preamble signatures will be very large due to the very limited timing difference between UEs. Therefore, the limiting factor of the number of available synchronized random access opportunities is the number of time frequency resources units reserved for the message part. On the other hand, a large number of different preamble signatures is “overkill”. 


If an implicit message is carried on the preamble, then the number of control bits carried by explicit message part can be reduced. This in turn reduces the time-frequency resources reserved for the explicit message part. Therefore, the number of synchronized random access opportunities per random access region can be increased. 
3. Synchronized random access design 

We consider a 5 MHz deployment scenario and a 1.25 MHz synchronized random access region. The length of the synchronized random access region can be adjusted (e.g. on a cell basis depending on the cell size) to optimize the trade-off between overhead/latency and coverage. For convenience of illustration, we show some examples in the case of one sub-frame. These examples can be easily extended to the case of several sub-frames. 
3.1 Preamble with explicit message (partial message)
The synchronized random access burst consists of a preamble part and an explicit message part, as shown in Figure 1. Cyclic prefix are added to both the preamble part and the message part. The message part has the length of one long block (66.67 µs) and occupies subcarriers in distributed mode.  A preamble sequence similar to [1] with duration of 400 µs is used. A GCL sequence with length 448 is used to build the preamble. If cyclic-shifted CAZAC is used, 64 sequences are available to implicitly carry 4 to 6 bits of information. Then, explicit message part will occupy 18 subcarriers to carry 3-4 bits of information. Totally, 7-10 bits information can be carried. Then, 4 explicit message parts can be supported in the random access region (1.25 MHz), which translates to 4 random access opportunities. 
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Figure 1: Synchronized random access channel structure.

An alternative synchronized random access channel that can carry the same amount of information bits is also described. As shown in Figure 2, the message part covers two short blocks and occupies 18 distributed subcarriers, and preamble/reference signals cover six long blocks and occupy 73 subcarriers. In order to keep the CAZAC property and obtain long sequences, a GCL sequence of length 438 (73 x 6) with polyphase decomposition is used for the preamble [see Appendix A for details]. The s sequences of length
[image: image2.wmf]s

N

p

/

 generated by polyphase decomposition (with factor s) of GCL sequence of length 
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 are still CAZAC sequences. The polyphase decomposition components (by a factor
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= 6) of the GCL sequence are transmitted in each long block. Similar to Figure 1, the preamble part can carry 4-6 bits implicit message and the explicit message part can carry 3-4 bits of information. 
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Figure 2: Synchronized random access channel structure.
3.2 Preamble with explicit message (full message)
The synchronized random access burst has the duration of 2 sub-frames as shown in Figure 3. Cyclic prefix are added to both the preamble part and the message part. The same preamble as in Figure 1 is used to implicitly carry 4 to 6 bits of information. The message part has the length of 6 long block (66.67 µs each) and occupies 18 subcarriers in distributed mode to carry 20 bits of information. Totally, 24 bits information can be carried. Then, 4 explicit message parts can be supported in the random access region (1.25 MHz), which translates to 4 random access opportunities. 
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Figure 3: Synchronized random access channel structure.

An alternative synchronized random access channel that can carry the full amount of information (24 bits) is also described. The same preamble as in Figure 2 is used to implicitly carry 4 to 6 bits of information. As shown in Figure 4, the message part has the length of 6 long block (66.67 µs each) and is staggered with preamble long block in time domain. In each long block, the message part occupies 18 subcarriers in distributed mode to carry 20 bits of information. Totally, 24 bits information can be carried. Then, 4 explicit message parts can be supported in the random access region (1.25 MHz), which translates to 4 random access opportunities.
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Figure 4: Synchronized random access channel structure.

3.3 Preamble only
For this method, the same random access preamble as those in Figure 1 and Figure 2 can be used. Totally 64 preamble signatures can be supported, which can carry 4-6 bits implicit message. There are 64 random access opportunities per random access region. 
4. Comparison of overhead and payload
The system overhead and payload of 3 methods presented above are summarized in Table 1.
Table 1    Comparison of overhead and payload
	Method
	Random access region BW (MHz)
	Random access burst duration 
	Message bits
	Access interval
	Access opportunities per random access region
	Overhead

	Preamble with message (partial message)
	1.25
	0.5 ms 
	7 - 10
	5 ms
	4
	2.5%

	Preamble with message (full message)
	1.25
	1.0 ms
	24
	5 ms
	4 
	5%

	Preamble only
	1.25
	0.5ms 
	4 - 6
	5 ms
	64
	2.5%


It is noticed that any synchronized random access channel with an explicit message part will remarkably reduce the number of random access opportunities. This is because the number of access opportunities is limited by the number of message parts supported in the random access region. Based on the analysis, we recommend that a preamble with an explicit message part be used for one-step random access procedure, and a preamble-only method for two-step random access procedure.

5. Conclusions
In this document, we discussed the preliminary design of synchronized random access for E-UTRA. Three random access channel methods are discussed, and their overhead and payload are analyzed as well. We recommend that a preamble with an explicit message part be used for one-step random access procedure, and a preamble-only method for two-step random access procedure.
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A generic GCL sequence 
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It is well know from [7], sequence 
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with the further restrictions on 
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