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1. Introduction

In RAN1#43 meeting some LTE RACH issues have been raised and identified as FFS. In these documents we discuss some of these issues and show our proposal.
Simulations are performed in a system bandwidth of 10 MHz (the FFT size is 1024) with a carrier frequency of 2 GHz. The channel is a TU with 6 taps and the mobile velocity is 3 km/h. The signatures are pseudo noise codes.

2. RACH sub-carrier allocation

Localized versus distributed mapping scheme is compared with the estimation of the timing offset by performing a simple correlation in the time domain. The figure bellow represents the autocorrelation function of a given signature for each scheme.
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Figure 1: Autocorrelation of equidistant, and localized mapping

The autocorrelation with the equidistant scheme presents several peaks, equally separated, thus a wrong estimation can be made, leading to a shifted timing estimation. For the localized mapping scheme the autocorrelation function presents a lobe which is smaller than the typical CP duration, therefore the error induced for estimation of timing offset can be considered as not significant. 

Therefore, localised scheme is proposed for RACH sub-carrier allocation. The sub-carriers allocation to the UE should be based at least on path loss criteria for RACH inter-cell interference co-ordination. This would allow that UEs that are close to the base station and that potentially create little interference to neighbouring cells could be allocated to specific sub-carriers as signalled by network, and the UEs that are at cell edge that might create much interference would be allocated to other sub-carriers. 
3. RACH Tx Bandwith

In the following we consider the bandwidth of the RACH signature. In the simulations one attempt every 5 TTI is considered. As expected transmission bandwidth of 5 MHz leads to better detection performance since the number of sub-carrier is higher. 
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Figure 1: Probability to miss a signature
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Figure 1: Average number of RACH attempts

However when frequency hopping is used the RACH Tx bandwidth of 1.25 MHz is quite efficient also, as shown in Figure 1 by simulation results in the TU channel comparing signatures with 1.25 MHz bandwidth and 5 MHz bandwidth.. For an efficient resource use we believe that a SNR target for an average number of 2 transmissions, the frequency hopping allows to achieve similar performance with 1.25 MHz as with 5 MHz. i.e. the same UE power, but less sub-carriers reserved for the RACH, 
Therefore RACH Tx bandwith of 1.25 MHz is proposed.
4. Delay impacts between two attempts
In the following the impact of the delay between two attempts is investigated. The necessary number of attempts to access the network represents the performance measure. The RACH procedure is performed until the signature is detected. A signature length of 4 OFDM symbols is considered. The pedestrian channel (3km/h) is simulated. As the channel varies slowly with time, and the process benefits from time diversity, the performances in term of number of attempts are better for larger delay. The results are provided in Figure below
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Figure 1: Comparison of delay between successive attempts

5. RACH burst size 

The signature duration is a key parameter in the random access design. The longer the signal is, the better the detection will be. However the need of guard time and the potential payload size should be taken into account. The missing probabilities are provided for signature length of 1, 3 and 5 OFDM symbols. 
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For the SNR value below -10dB missing probabilities seems reasonable with 3 and 5 five OFDM symbols. However the maximum number of symbols is limited to 4 due to round trip delay by LTE requirement for cell sizes of 30km. 
The data part included in a RACH burst can require several retransmissions when the terminal is in a poor coverage area, which increase the access delay and decrease the access capacity due to RACH resources occupancy. For this reason the transmission of data part will be more efficient on uplink shared channels NodeB controlled. However benefits to have small payload part (e.g. to help collision detection) have to be considered. 
6. Random Acces procedure

In the LTE system the RACH access procedure can be used for two purposes:

· Control of time adjustment

· Initial access (i.e. switch on, cell reselection, transition from idle to active mode)

However we believe that the control of time adjustment needs further study, and we propose to focus at the moment on the initial access part.

Contrary to the Rel99 we believe that it is not the most efficient way to transmit significant payload on a congestion based channel. Rather we believe that at initial access the main purpose should be to detect the UE, calculate the necessary timing alignment, and allocate uplink resources for the UE.
For inter cell interference mitigation one proposal would be to define in each cell sets of RACH channels which would use different sub-bands. For random access the UE should then choose one of the available sub-bands based on the pathloss that the UE measures, such that UEs with big pathloss, i.e. which are far from the base station would use a specific sub-band, such that the major UL interference is localized in this sub-band. Inside one sub-band the choice of the available resources could be made in a random manner.
During the random access procedure, the UE transmits RACH burst and the network measures the received signal from terminal. Then it sends a timing advance (TA) command, which commanding terminal to adjust its uplink transmission timing accordingly. A second RACH transmission may be done to verify the adjusted time offset and possibly help for collision resolution. Once synchronisation is obtained message part is sent on the uplink shared resources which are scheduled by NodeB.
Whether there is need for resource request or to maintain time synchronisation in the uplink , RACH or control signalling resources can be used.

Once the signature is sent the UE should wait for the reception of a response message (including ACK / NACK / Timing Adjustment). If uplink system band and downlink system band are the same a one to one mapping for the resources for the RACH signature and the resources for the response message could be defined.. Alternatively the physical resource of the response RACH message could be allocated based on UE specific Info such as UE identity. For example, system information could contain the method of calculation in order to map between UE identity and downlink resource of response RACH message. Then UE can know the position (frequency/time) of response RACH message after sending RACH message according to its calculation. Details of this method of calculation should be investigated.
7. Conclusion
We propose to discuss the proposals in this contribution and to capture the agreeable parts in the TR.
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