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1. Introduction

In the RAN1#45 meeting, the message payload size for non-synchronized random access burst was discussed and it is recommended to not transmit it explicitly. A message payload will be implicitly transmitted within the preamble sequence. Therefore the random access burst includes signatures and control information (of 4-8 bits). This recommendation should help in decision between the two proposed approaches for random access procedure.
2. Approaches for Random Access procedure
There are two possible approaches captured in the current TR [1] for the Random Access procedure.
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Figure 1: Approach#1 (left) and Approach#2 (right) 
It was agreed that the message bits are transmitted implicitly using the preamble sequence. That means the message bits with size of 4 or 8 bits are identified by preambles. Then approach#1 can be summarized by figure 2 as:
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Figure 2: Approach#1 modified with message bits identified by preamble
Candidate parameters to be transmitted within the message bits of the preamble for the 2step / 1step approach are Random Id, DL CQI, Establishment cause, and Resource request. 
Random Id:
The purpose of the Random Id (i.e. allowing a choice of different signatures) is used for the collision resolution for the intra and inter cell case. The collision probability is a function of the allowed number of signatures and number of random access slots. The random access slot is defined in time and  frequency domain. Increasing the number of access slots and signature decrease the collision probability at the expense of resources for data transmission and NodeB complexity.One possibility is to use part of the number of available message bits (4 or 8 bits) of the preamble for the temporary random Id to decrease the collision probability. The temporary random Id might be selected by the UE for the preamble transmission and released upon preamble acknowledgement by the network.
DL CQI / Pathloss:

The purpose of the CQI is for link adaptation for the downlink transmission. The DL CQI length size of 2 bits is proposed to be transmitted with the preamble [4] [6]. In [4] it is proposed to transmit DL CQI using different sets of signatures. The DL CQI is based on the receiver performance and the pathloss. Open loop power control, used to determine the initial transmit power level is based on path loss estimation. Therefore the DL CQI transmission may be avoided by associating the signatures and random access slots with a path loss range.
Establishment Cause:

The purpose of the establishment cause is for early handling of access priority, e.g. in emergency situations. The number of establishments causes determine the bit size length. Three bits length is assumed in [2] [3] [4] [5]. Assuming the same number of establishment cause as in WCDMA with 20 possible establishment cause at least 4 bits should be used. Maybe some of them will not be applied to LTE but it can not be excluded to include new establishment cause in a future. The establishment cause transmission may be avoided by associating a reserved random access slot and/or signature.
Resource Request (RR):

The purpose of resource request is to adjust the resource allocation depending on the UE needs for UL transmission. The length size of RR will determine whether is possible to transmit implicitly with the preamble or not. If it is not transmitted, the necessary amount of UL resource to allocate can be either constant regardless the random access cause (waste of uplink resources), or based on the preamble linked to the access cause.
3. Collision resolution mechanisms

The 1 step / 2 step approach have different capabilities of collision resolution. 3 mechanisms can be distinguished:
1) Access resources (time and frequency) and random Id for the preamble transmission

As explained above the collision probability is a function of the allowed number of signatures and number of random access slots, and has a high cost in terms of resource consumption (resource block allocation) and in terms of NodeB complexity, since allocating more resource blocks / signatures means that the correlations that need to be performed in the NodeB increase. In general allocating more signatures for collision resolution should be preferred since the number of access slots needs to be reduced. The signature and the access resources are included in the response message that is sent from the NodeB, and thus if a collision is detected it can be resolved hereby.
In order to resolve inter cell collisions it is possible to allocate different signatures / access slots in neighbouring cells. Allocating different frequencies / signatures does not require time synchronization between NodeBs. Allocating different time slots requires a time synchronization between NodeBs. Other possibilities to reduce the probability of inter cell collisions is to restrict the use of the same resources (signature, access slot) only for UEs at cell boarder, e.g. for UEs that have similar pathloss for the best and the second best cell.
2) Id for UL data transmission 
For the UL data transmission the UE Id inside the RRC message can resolve an undetected collision. In the RRC message for the first access the UE Id (e.g. initial Id such as IMSI, T-IMSI, U-RNTI) is included in the message. This UE Id should be included also in the response message. Thus any collision of the transmission of the uplink RRC message will be resolved at that time. However, in the case that such a collision occurs, the resources wasted for the UL data transmission due to the transmission of the RRC messages and the delay induced by this detection (based on a RRC timer) is high.
In the case that segmentation and / or HARQ are used for the transmission of the UL data a MAC-Id is used. In the case that the UE already has a unique Mac-Id allocated from earlier transaction this Id can be used for the transmission.
3) Random Id / C-RNTI for the Scheduling Request
In order to fasten up the collision resolution process, the 2 step approach allows one additional mechanism for the collision resolution by adding an additional Random ID 2 for the scheduling request message as shown in Figure 3. In the case that the UE already has a valid MAC-Id allocated at the moment where it transmits the scheduling request message any collision that has not been resolved due to the random Id 1 in the preamble will be resolved by including the MAC-Id in the Scheduling Request message. In the case that no valid MAC-Id is allocated at that time the UE chooses another Random Id 2 for transmission together with the scheduling request message which will increase the chances that a non-resolved collision will be resolved after the transmission of the Scheduling Request message. Therefore we prefer that for the scheduling request message the UE chooses a random identifier, possibly amongst a reserved number of MAC-Ids that are broadcast in system information.
4. Delay analysis
Successful transmission
1step procedure:
The delay in this case depends on the number of times that the UE has to send the preamble in order to be detected:
TPreamble = a * tΔPreamble

where a is the average number of preambles during the power ramping.

For the allocation and the indication of resources an extra time might be necessary in the NodeB:
TResourceAlloc

And for the transmission of the uplink message using HARQ depending on the number of retransmissions the necessary time is:

TMessage = b*tΔMessage
where b is the average number of HARQ transmission.
The total time for the successful transmission is thus 
T1step = TPreamble + TResourceAlloc + TMessage = a * tΔPreamble + TResourceAlloc + b*tΔMessage
2step procedure
In addition to the delay for the 1 step procedure an extra delay for the transmission of the Scheduling Request is necessary:
T2step = a * tΔPreamble + TScheduling Request + TResourceAlloc + b*tΔMessage
A very rough estimation could be that all delays tΔPreamble, tΔMessage, TScheduling Request and TResourceAlloc are equal. Thus the difference between the 2 step and the 1 step approach becomes just the ration between 
2+a+b/1+a+b, e.g. the overhead due to the two step approach is at maximum 1/1+a+b, i.e. at maximum 30%.
Unsuccessful transmission (collision after the preambles)

In the case of a collision of the preamble in the case of the 1 step approach the collision will only be detected once that the UE realizes that it does not receive an answer on the UL RRC message, e.g. a timer similar to T300 which is in the order of seconds expires. In the case of the 2 step approach collisions can be detected again after the transmission of the Scheduling Request message via the random Id as shown in Figure 3.
5. Proposed modified approach#2
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Figure 3:Proposed detailed 2 step approach
1.) In the first step the UE chooses a random signature and an access slot amongst a set of signatures and access slots available for the pathloss that the UE measures (on the cell to be accessed, and the neighbouring cells) according to system information. Hereby inter cell collisions can be mostly avoided.
2.) Upon detection the NodeB responds to the UE(s) by indicating the signature and access slot, and transmitting either an Ack or a Nack. In the case of ACK the NodeB also indicates resources for the UE(s) in order to send the scheduling request. If the UE receives a NACK or no response it will continue to transmit the preamble at a later occasion.
3.)  The UE chooses a second random Id 2 and transmits the scheduling request (and possibly other data FFS) to the network on the allocated resources. In the case that several UEs have chosen the same random Id 1 in the first step the collision can be resolved at this point in time before transmitting the UL data on the shared channel.
4.) The NodeB acknowledges the receipt of the Scheduling Request by repeating the second Random Id and indicates the requested UL resources. In the case that the UE does not receive any UL resources it will restart the procedure from step 1.
5.) The UE Starts the UL transmission of the user plane data using HARQ, including the UE initial Id, such that the network can confirm the allocation of the resources.

6. Pros and Cons

	
	1-step
	2-step

	Successful case delay
	Smallest delay
	Higher delay, difference depends on the average number of preamble transmissions and HARQ transmissions

	Delay in case of preamble collision
	Very high
	Small

	Need of random Ids / resources for the preamble
	High
	Small

	Wrong allocation of UL shared channel
	High
	Low


7. Conclusion

The choice between two approaches is a trade off between the latency of the successful and unsuccessful case, resource optimisation and collision resolution. Approche#1 has shorter delay to transmit UL data. However due to the restricted number of data available in the preamble we believe that it is more important to transmit the Pathloss and a maximum number of random Ids in the preamble / access slots which does not leave enough place for the RR. Thus the 1 step approach wastes UL resources and the reduction of the delay is not so significant according to our understanding. Therefore we propose to retain the 2step approach as described in section 5.
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