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1. Introduction

We are assuming that the contention-based resources for the RACH are separated in frequency and time from the SCH resources, as presented in [1]. In Ref. [2] and [3], the proposal was that the RACH bursts should occupy one sub-frame of 0.5 ms length, and that the allocation in frequency should be relatively wide in order to gain diversity and avoid power ramp-up. We present here an approach different from [2] and [3]: the transmission on the RACH is prolonged over a few sub-frames in such a way that a narrow frequency band is used during each sub-frame but the frequency is hopped between the sub-frames. This scheme provides good coverage with low consumption of the time and frequency resources. 

In Chapters 2 and 3, we discuss the causes of random access attempts and conclude that it will be useful to have a random access message where data symbols are transmitted in addition to the preamble. The content of the message is discussed in Chapter 4. Chapters 5 and 6 present a coverage problem and a solution for that. 

2. Reasons for random access

The random access procedure is used when a UE needs to transmit, but it does not have an allocation on uplink SCH. Such a situation may occur for the following reasons [4]:

(1) Initial access. 

(2) Move to the new cell after failing the normal handover procedure

(3) Move from idle mode to active state 

(4) Location area update in idle mode

(5) Resource request when the UE is in active state

The random access procedure is not needed for handovers, if those are done like in GSM [4]. The RACH procedure is then only utilized if the normal handover procedure fails.

An alternative method for resource requests is that the Node-B takes care of allocating resources frequently enough for all UEs in active state. This becomes inefficient if the number of polled UEs is large and short delays are desired. 

The right timing advance (TA) has to be maintained for all UEs that are in active state. It is not necessary to track TA using random access transmission, but Node-B can allocate uplink SCH resources for TA measurement because the TA needs to be adjusted only at intervals longer than 100 ms.

In the active state, UEs can be identified with the temporary cell specific identifier. If random access is made due to reasons (1) – (4), the UE does not have a temporary cell specific identifier but it must be identified using a temporary network specific identifier or, if even that has not been specified, IMSI or IMEI.    

3.  One- and two-part random access schemes

Ref. [5] describes a one- and a two-part random access scheme. In the two-part scheme, the UE transmits first a separate preamble that the Node-B acknowledges before the UE can send the actual random access message. In the one-part scheme, the preamble and message are transmitted in one burst. The two-part scheme is in principle more economical because the resources for the message are reserved only after observing the preamble. The one-part scheme is simpler and provides smaller delay, at least if the RACH load is low. Although the requirements are different depending on the reason of the random access, only one scheme should be taken in use in order to keep the system simple. Small delay is essential in the case of reason (5) which could also be the most frequently occurring cause of random access. Therefore, the one-part scheme seems more attractive. 

4. Content of the message in RACH burst

The RACH message should include the following three fields (there are also discussed in [4]):

· A small number (in the order of a byte or less) of information bits would be used for indicating the reason of the random access attempt. For instance, the emergency call would be indicated already in this phase. Furthermore, the amount of data to be transmitted on the SCH could be informed on a rough level.

· An identifier (from 10 to 14 bits). If UE has the cell specific temporary identifier, it sends that. Otherwise, a random identifier is used since the other unique identifiers are too long to be transmitted on RACH. The acknowledgement that Node-B sends repeats this identifier and gives the value for the timing advance. After this, the normal SCH is allocated for the UE. If the UE had sent the random identifier, the physical or network specific identifier is told to the UE on the SCH. This eventually eliminates the error that arises when two UEs send the RACH message in the same access slot (frequency and time and signature of the preamble part) using the same random identifier. The random identifier should be long enough, because it is not desirable that two UEs, one of them with a wrong timing advance, are transmitting on the same SCH resource even for a short time.  

· CRC word (12 bits). The length of the word determines the upper limit for the false detection rate. By false detection we mean an error that Node-B concludes having decoded a message correctly although such a message was not sent. If CRC word is not long enough, the false detection rate has to be reduced, for instance, by studying the impulse response that is measured from the preamble part of the burst.  These other methods might cause a larger sensitivity loss than extension of the CRC field to a sufficient length.  

Further studies are needed for deciding the exact lengths of these three fields, but in the rest of this document we assume that altogether 30 bits are encoded in the message. The RACH message must be kept as short as possible because there is a problem with the coverage, as will be explained in Section 5, and because of the inefficiency of a contention-based channel due to collisions and lacking gains of HARQ and multi-user scheduling. 

5. Coverage 

The coverage of RACH was studied in [6] by modeling the interference in a system of several cells and using the assumptions from [1]. Our conclusion from that study is that, if inter-site distance is 1732 m, decent performance cannot be obtained without using a RACH message longer than a sub-frame (if we assume that 30 bits are encoded to the message). In this case, transmission on narrow bandwidth and hopping the frequency between the sub-frames becomes attractive. We have studied such schemes assuming the parameters of [1] (see the Appendix) and using the system that is explained in [7]. A network with 19 three-sector sites, i.e., in total 57 cells was assumed. The sites were positioned on a regular hexagonal grid.  Inter-site distance (ISD) of 1732 m with penetration loss of 20 dB was used. The system was assumed to be fully loaded with frequency reuse of 1/1. The lower, 21dBm power class was assumed for the UE.

In Figure 1, we have compared the random access transmission assuming bandwidths of 0.3125, 1.25 and 5 MHz and various lengths of the message. The curves in the figure were obtained by sweeping the SNR target from 0 to 15 dB in steps of 3 dB. The SINR per symbol values include the processing gains due to the widening of the bandwidth from 0.3125MHz (PG=1 for 0.3125MHz, PG=4 for 1.25MHz, PG=16 for 5MHz) and prolonging of the message over 2, 4, 8 or 16 sub-frames. Our link level simulations give the result that 10% BLER corresponds to roughly SINR per symbol -1dB when 30 bits are encoded to the message and 20% of each sub-frame is left for the guard time during which there is no transmission. The 5% cdf values are clearly below this SINR per symbol target if 5MHz bandwidth and message length of one sub-frame are used. Compared to the transmission on 5 MHz, a better cell edge performance is reached by transmitting on 0.3125MHz and prolonging the message over four sub-frames or using 1.25MHz and prolonging the message over two sub-frames. In addition, resources are saved if the narrower bandwidths are used: transmission on four sub-frames times 0.3125MHz consumes only 1/4 of the resources compared with transmission on 5MHz for one sub-frame.
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Figure 1. Cell edge SINR for different bandwidths and lengths of the message. 

6. Frame format of the RACH message 

According to the results of Chapter 5, good diversity over interference and channel variations can be obtained economically by prolonging the RACH message over more than one sub-frame and transmitting on the smallest possible bandwidth during each sub-frame but hopping the frequency between the sub-frames. An ideal system is illustrated in Figure 2.

The encoding scheme should preferably be such that each sub-frame is self-decodable. In good conditions, Node-B would then succeed to decode the message already from the first sub-frame, which would speed-up the process. Furthermore, the interference, caused by RACH, is reduced if Node-B’s feedback reaches UE before it has sent all the sections of the message.     
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Figure 2. RACH message extending over four sub-frames. The message consumes four resource blocks of 0.5ms times 312.5 kHz. A section of the message in one sub-frame is magnified in the right lower corner of the figure. It consists of a pilot or signature part and a message. The total length is less than 0.5 ms since a guard time is needed because of the missing timing advance. 

7. Conclusion

Our conclusions on RACH are the following:

· The contention based channel should be used for carrying the minimum amount of bits. The speedy and reliable setting up of SCH calls for transmission of a message of a few tens of bits.

· In order to achieve sufficient coverage, the RACH message should be extendable over a few sub-frames.

· In an efficient system, transmission during a sub-frame takes place over the narrowest schedulable bandwidth but the frequency is hopped between the RACH message sections that are transmitted in different sub-frames.

The following addition in the Section 9.1.2.1 of TR 25.814 is proposed.

8. TExt Proposal

--- Begin text Proposal ---

9.1.2.1
Random access procedure

The random access procedure is at least used when the UE uplink has not been time synchronized and shall allow the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix. The random access burst consists of at least a signature sequence. Inclusion of additional data symbols is FFS. 
The data symbols need to be sent if the system is optimized for delay. The length of the random access burst should be adaptable in order to guarantee good enough radio coverage in all the important channel conditions. Narrow transmission band and frequency hopping between sections of the burst can be used for obtaining diversity against interference and channel variations with minimum resources. Each burst should be self-decodable in order to be able to decode the message already from the first sub-frame   

Random access and data transmission are time and/or frequency multiplexed.
--- End text Proposal ---
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APPENDIX - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732 m

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2 GHz/5 MHz

	Channel model
	Typical Urban (TU) 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm 

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs),

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters
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