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1. Introduction
This paper discusses the procedure of non-synchronized random access (RA), answering to some of the questions in Ref. [1]. The procedure that we are proposing is well aligned with the one presented in Ref. [1]: we are actually adding only some details.  Among others, the contributions [2, 3, 4, 5, 6] are dealing with the RA procedure. The key questions in these are how the UE is addressed after its preamble has been detected and how the preamble collisions are handled.   
2. Messages in the procedure

The messages in the proposed non-synchronized random access procedure are shown in Fig. 1.
1. Preamble
The RA preamble is a signature sequence. The available signatures are grouped according to the downlink CQI and the RA cause. UE chooses randomly one of the signatures inside the proper group. Indicating CQI is important because eNB chooses the modulation and coding schemes of the DL messages based on that. In minimum, the RA cause indicates whether the UE has CRNTI or not. eNB needs this information in order to select the resource allocation for the message 3. 

The maximum number of signatures in one cell is 64, but network should be allowed to use also a smaller number of signatures in order to reduce the HW complexity or optimize the signature reuse when the signatures are distributed between the cells.  
2. Preamble acknowledgement
The preamble acknowledgement is sent a fixed time after the observed preamble. This is done because of simplicity and in order to minimize delays. The priority of RA is so high that the fixed time is justifiable i.e. no flexibility is allowed in scheduling of the acknowledgement. The preamble acknowledgement contains the parameters of the preamble (signature and frequency index), the timing advance (TA), possibly power adjustment, and a temporary identity RA-ID. In the following phases of the procedure, the UL and DL resource allocations are given using the RA-ID.  Thus a RA-ID is used as a CRNTI which simplifies the signaling because then the normal resource allocation systems are available for the RA procedure, too. Explicit RA-ID assignment is preferred to the implicit method [4] because RA-IDs consume CRNTI space and fewer RA-ID’s are needed if they are assigned explicitly. We note that this is important even if 16-bit CRNTI is defined for the higher layers because truncated  CRNTIs  may be used when the number of active UEs allows that [7].
The acknowledgements are carried on a channel whose resources are taken from the shared channel. The resource allocation for the acknowledgements is jointly encoded with the other allocation entries in the DL L1/L2 control signaling channel. The common part of the channel may contain a 1-bit field for indicating that a RACH related entry exists in the variable part [8]. Alternatively, CRNTI = 0 can be reserved for pointing the DL resource for the acknowledgements.  
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Fig. 1. Messages in the non-synchronized random access procedure.
3. Resource allocation for the first UL message on SCH

The resources are given using RA-ID like in case of any other SCH resource allocation. eNB knows roughly the resources needed for message 4 because the existence of UE’s identifiers (CRNTI, IMSI, …) is indicated by the preamble signature. The allocation could perhaps be given already in the same TTI containing a pointer to the preamble acknowledgement.  

eNB may repeat the resource allocation blindly or after failing in the reception of the message 4. 

4. First UL message on SCH

If UE has CRNTI it sends that and makes a resource request.  The cell association procedure takes place if UE does not have a CRNTI. Then UE has to send TMSI, IMSI or IMEI.  

After sending the message 4, UE continues checking for resource allocations. eNB may ask the UE to repeat the message 4, terminate the procedure, or read the collision resolution message 5. If none of these happens within a specified time after sending message 4, UE concludes that the procedure failed.

5. Collision resolution message  

eNB echoes the UE identity (or a shorter bit sequence derived from the identity) it had decoded from the message 4. If UE already had CRNTI, the next resource allocation can be done with that. UE whose identity does not match with the received one starts the RA procedure from the beginning.

6. Resource allocation or cell association response

If the UE already had CRNTI, the messages following the 5th one are sent to the UE using its CRNTI. The cell association response gives a CRNTI for such a UE that did not already have it. This DL message is addressed to the UE with the RA-ID. 
3. Retransmissions

Retransmissions of message 4 should be allowed and network decides if they are used. Preparing for retransmissions hardly complicates the system: after sending the message 4, UE just needs to check both the UL and DL resource allocations instead of looking only for the DL allocation for the message 5.  We see little benefit of exact synchronizing of messages 4 and 5. As RA-ID is used for allocations like CRNTI, synchronization would actually complicate the system. 
We have not analysed the benefit of retransmissions in case of preamble collisions leading to more than one UE sending messages 4 in the same UL resource.  The benefit depends on the bandwidth of message 4, how it is scheduled in frequency, what are the powers received from the UE’s, and what are the propagation delays. Power control does not have effect on the capture effect [1] because the relative powers of the colliding UEs are not changing.    
DL messages 2, 3, and 5 cannot be retransmitted because there is no UL channel for the acknowledgements. 
4. Conclusion
The main features of the presented procedure are:
· A temporary UE identity RA-ID is given when the preamble is acknowledged. It is used exactly as CRNTI when resources are allocated during the rest of the random access procedure. 
· Collision resolution is performed without waiting for the cell association response in order to reduce the delays.

We propose that the presented system is taken as the basis for a more detailed specification of the non-synchronized random access procedure.   
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