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1. Introduction

RACH has been discussed in RAN2 in RAN2 #53, and a LS has been sent to RAN1 in [1] order to progress the discussion we give our view in the following, and provide proposals for further study for different issues.
2. Random Access Use Cases
It has been identified that random access procedure can be used for initial access to obtain L1 synchronization, for resource request when no UL resources are available and for control of UE mobility. Theses use cases can be classified into 3 different states:
· Idle mode UE / Detached modeUE / UE Mobility
· Synchronized active UE without resources

· Non- Synchronized active UE without resources (under FFS in RAN2)

The different possible procedures for each state are discussed in following.
3. Idle mode UE / Detached UE / UE Mobility
Considerations on the Bandwidth and the preamble length
In these states the main purpose should be to detect the UE, calculate the necessary timing alignment, and allocate uplink resources for the UE. According to our understanding the minimum BW for non- synchronized random access transmission should be 1.25 MHz. Indeed as shown in figure below the autocorrelation function presents a lobe for localized mapping scheme which offers better timing estimation than equidistant mapping scheme. The lobe width is approximately equal to 1/BW which should be a fraction of the cyclic prefix for timing uncertainty. For a BW of 1.25 MHz, the autocorrelation lobe is in the order of 0.8 μs which is sufficiently smaller than the typical CP duration (approximately 5 μs). For BW less than 1.25MHz, for instance BW of 375 KHz the uncertainty increases threefold and thus if such a BW would be used it is necessary to evaluate the impact of the timing uncertainty on the uplink transmission, although the this can be advantageous in order to take advantage of the frequency selectivity of the channel.
[image: image1.emf]
Figure 1: Comparison between localized random and equidistant distribution
According to our analysis [2] it should be possible to have a reasonable performance for the detection in the case of 3 symbols in the case of the TU channel at 3 km/h. However it is important to agree on the assumptions for the simulations.
Proposal:

In order to decide on the above points it is necessary to make assumptions on:

· The required precision for the timing

· The maximum achievable SNR in the UL at the NodeB, i.e. the necessary assumptions on the link budget

Based on these assumptions it should be possible to estimate the number of symbols necessary for the transmission of the preamble for the different bandwidths, and different speed and channels after further simulations in the Mai or June meeting.
Different possible procedures
Three random access procedures are possible as illustrated in Figure 2 below:
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Figure 2: Options for the unsynchronized RACH procedure
In option 1 on contention channel the preamble and message payload including X bits message (TBD) containing some information on UL resources needed, priority, establishment cause, and possibly random Id to assist in resolution of contention, are combined together. After the X bits have been decoded by the network, it responds with the necessary timing advance information to be used on the UL SCH and requested scheduling grant, evt other required information. In a case when no resource request can be sent (due to some coverage issue) the necessary amount of UL resource to allocate can be either constant regardless the random access cause, or based on the preamble linked to the access cause. When getting uplink allocation the UE transmits the L3 messages, MAC data or control PDU, on the scheduled resources.
In option 2, only the preamble is transmitted by the UE on contention based channel. When detected by the network signalling resources are allocated to the UE. Then on scheduled resources the UE send the scheduling grant. The network adjusts the resource allocation depending on the UE needs for message payload part transmission. This procedure avoids that the network allocates inadequate resources for the transmission of the RRC message and to treat priorities correctly.
The choice between the possible options is a trade off between the time that is used for the additional transmission of information to request UL SCH resources and the resources wasted and the interference created by transmitting the resource request together with the preamble which might not be detected or which might be in collision. With all those assumptions we believe that it is very difficult to show a clear benefit for one or the other procedure, as long  as the size of the data does not become too big. In order to decide on the scheme we need to have a clear picture of the necessary preamble size, and the required resources per carried data bit in the case it is sent together with the preamble.
Proposal:
We propose to discuss further on this choice in order to clarify the resources required for the preamble and the overhead due to additional data bits.
4. Synchronized Active UE without resources
When the UE sends this type of resource request it has already established synchronization, and thus the timing estimation that can be done from this transmission is not so important. In this case the synchronised random access procedure can be considered for resource request with smaller bandwidth than for non-synchronized access. This bandwidth could be equal to the bandwidth of the uplink resource unit and should be considered based on the number of bits that are required to be transmitted. There is the need to transmit C-RNTI for UE identification. Three random access procedures are possible as illustrated in figure below:
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Figure 3: Options for the synchronized RACH procedure

In options 1 a preamble and a C-RNTI and RR are transmitted on a specific resource reserved for the RACH procedure, where the C-RNTI and the RR are protected by a channel coding. A UE that has no occasion of transmitting the RR otherwise chooses a preamble and transmits the preamble and the resource request on the specific resource. If two terminals perform random access procedure in the same time with the same time/frequency resources the C-RNTI and the RR might not be able to be decoded correctly. 
In the second option the C-RNTI and the RR are protected by a channel coding, and evtl. additional redundancy. A UE that has no occasion of transmitting the RR otherwise chooses a preamble and transmits the preamble and the resource request on the specific resource, where the C-RNTI and the RR are coded specifically, and in addition to this scrambled by a scrambling code which is specific to the preamble used. Depending on the level of redundancy introduced for the coding the NodeB might be able to decode the C-RNTI and the RR even in the case of a collision. 
In the third option the UE chooses one of the available preambles and transmits it on the reserved resource. In case of a collision the NodeB is able to choose one of the preambles and allocates resources to the UE that transmitted this preamble. In the case that two UEs have transmitted the same preamble there is a risk that both UEs will consider the Resource allocation for themselves.
5. Non-Synchronised Active UE without resources 
Whether this possibility is necessary depends on the decisions on the sleeping mode in active state and the general handling of synchronization. The possible procedure can be the same as idle mode UE, with exception that the C-RNTI is already available. 
6. Random Access Procedure

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 sets 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 set, such that the major UL interference is localized in this set. Inside one set the choice of the available resources could be made in a random manner.
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Figure 4: RACH resource allocation
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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