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Introduction
Agreements were made regarding the “initial cell access procedure” at RAN2#56. The agreed procedure involves UEs accessing the cell by transmitting a randomly selected preamble on a non-synchronous RACH channel. The agreed procedure for access on RACH with a randomly selected preamble is captured in Stage 2 TS.

In addition to contention based access, there have been several proposals to support dedicated preamble based RACH access for specific purposes. In [1], dedicated preamble based access is proposed to optimise cell access procedure after handover. In [2], dedicated preamble is proposed as a method for fast recovery of uplink synchronisation. A procedure to access on a RACH with the use of a dedicated preamble is proposed in [3,4]. 
However, the procedure proposed in [3,4] for dedicated preamble based RACH access is significantly different from the agreed procedure for RACH access with a randomly selected preamble. This results in two RACH access procedures. An increase in the number of procedures is not desirable when LTE requirement for reduced UE and system complexity in [TR 25.913] is considered.
In this contribution, differences between the proposed dedicated RACH access procedure in [3,4] and the agreed random RACH access procedure are discussed. Furthermore, we propose a method for aligning the two procedures, which results in a unified RACH procedure for LTE. This significantly reduces the UE and system complexity.

2. RACH access procedures
The UE initiates the RACH access procedure by transmitting a preamble using Physical RACH (PRACH) resources. PRACH resources are shared by UEs accessing with random or dedicated preambles. Note that the use of a dedicated preamble is yet to be agreed. However, if it is agreed then the PRACH resources will be shared among both random and dedicated access. Therefore, the use of terminology of RACH is ambiguous. On the other hand, PRACH is designed for cell access by UEs who are unsynchronized with the network. In this sense, “asynchronous access channel (aSACH)” would be a better terminology if both random and dedicated access UEs are to share the resources.

Given that the UE accesses the cell by transmitting a preamble on RACH (regardless of whether randomly selected or dedicated preamble), it is expected that response to the preamble transmission will also be independent of preamble selection (i.e whether dedicated or random). However, the proposed response to dedicated preamble transmission in [3,4] is significantly different from the agreed RACH response for a random preamble transmission.

According to the agreed procedure in [5], a response to a random access preamble contains a RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI. Responses for all the random access preambles transmitted in a RACH channel are accumulated into one MAC message and transmitted to all the users on DL-SCH. Users are informed of the transmission by addressing the users on L1/L2 control channel with use of RACH-specific group RNTI (RA-RNTI). According to this procedure, after transmitting a randomly selected preamble on RACH, the UE should listen to L1/L2 control channel. If RA-RNTI is addressed, then the UE should decode the data on DL-SCH indicated by L1/L2 control channel. Decoded data is sent to the higher layer. If the preamble identification corresponding to the transmitted preamble is identified in the response message, UL-SCH transmission is commenced for the corresponding UE. Otherwise, the UE re-tries the access by transmitting a randomly selected preamble. 
According to the proposed procedure in [3,4], response to a dedicated preamble should contain only the necessary information, depending on the access purpose. For cell access after handover this contains TA and UL grant. The message is transmitted on DL-SCH according to [3] or on the L1/L2 control channel [4]. In contrast to the random access procedure, the eNodeB uses association between preamble and C-RNTI and addresses the corresponding UE using C-RNTI instead of RA-RNTI. According to this procedure, after transmitting a dedicated preamble on RACH, the UE should listen for the corresponding C-RNTI on the L1/L2 control channel. After receiving scheduling information on the L1/L2 control channel, UL-SCH transmission is commenced. 

Figure 1 illustrates the flow diagram at the UE for access on RACH according to the agreed access procedure for random access and the proposed procedure for dedicated access. The figure shows the access procedure for transmitting a preamble on RACH and receiving a preamble response. The contention resolution step is not shown in the figure. If the preamble response is absent, then the UE repeats the access procedure. The UE re-tries with a randomly selected preamble until the maximum number of preamble transmissions is reached in the random access scenario. 

Access with a randomly selected preamble has been the baseline approach agreed for HO. The dedicated preamble based access is only being proposed as an optimization. In the case of dedicated preamble based access failure, the UE should retry with a randomly selected preamble. 

Considering the procedural aspect, the following similarities and differences can be identified for random and dedicated preamble based accesses. 

Similarities:

1. after receiving the selected preamble from the higher layer, the physical layer transmits the preamble on PRACH resources

2. the UE expects Timing Alignment information as the response to the preamble transmission.

Differences:

1. different preamble response channels are supported depending on the dedicated or random nature of preamble selection.

2. UE addressing for the delivery of preamble response: if random preamble is used, a group ID (RA-RNTI) corresponding to the RACH channel is used. If a dedicated preamble is used, C-RNTI associated with the preamble is used.
3. format of preamble response message: if random preamble is used, responses corresponding to different preambles are concatenated in to one message. If dedicated preamble is used, responses to the preamble are sent individually.

4. detection of access failure: monitoring of L1/L2 control channel alone is sufficient to identify preamble access failure, if dedicated preamble is used. Otherwise, the response message (MAC message) sent on DL-SCH is required to identify the preamble access failure.

[image: image1]
Figure 1: RACH access procedure at UE
3. Alignment of RACH access procedures

One of the main requirements of LTE as stated in [6] is to minimize system and UE complexity. A reduction in the number of procedures minimizes the UE and system complexity. It also helps in reducing the number of necessary test cases, which in turn supports completion of the development of the test cases in a reasonable timeframe. In our view, standardization for two RACH access procedures depending on the use of dedicated or randomly selected preamble is not necessary and should be avoided.

One way to design a common access procedure is to align the dedicated preamble based access procedure to the random access procedure. Following the agreement for random access procedure, the response for transmitted preambles (i.e. both random and dedicated) on RACH can be concatenated into one MAC message. The MAC message can be transmitted to all the RACH access users on DL-SCH while using RACH dependent RA-RNTI as a message identifier. The preamble response message contains preamble identifier, Timing Alignment information, initial UL grant and C-RNTI for each preamble received by the eNodeB.  In dedicated preamble based access, C-RNTI is known to the UE. Hence (re)delivery of C-RNTI is not necessary and results in a waste of radio resources. On the other hand, delivery of permanent C-RNTI in an unsecured message should not generally be permitted as this may provide possibilities for UE tracking. 
Other possible way is to align the random access procedure to the dedicated preamble based access procedure proposed in [3,4]. The procedure proposed in [3,4] for dedicated preamble based access uses the association between the preamble and ID for transmission of preamble response (i.e. C-RNTI). The association between the preamble and C-RNTI is known to both the UE and eNodeB. After transmitting the preamble, the UE listens to C-RNTI which is associated to the transmitted preamble. After receiving the preamble, the eNodeB mapped the preamble to the associated C-RNTI and this C-RNTI is used for sending the preamble response. The same principle can be used for random access if the association between the random preamble and RNTI for response (res-RNTI) is pre-configured and known to both the UE and eNodeB. This would allow use of common access procedure for both random and dedicated preamble based RACH access. The procedure is illustrated in Figure 2.

[image: image2]
Figure 2: A common RACH procedure.
The procedure aligns the random preamble based RACH procedure to the dedicated preamble based access procedure proposed in [3,4]. The association between dedicated preamble and C-RNTI is established during the dedicated preamble allocation. The association between random preambles and res-RNTI is pre-configured and made available to both the UE and eNodeB. The preamble-RNTI association is configured in a table format at the UE and eNodeB. After transmitting a preamble, the UE find the corresponding RNTI from the table and listens to the L1/L2 control channel for the corresponding RNTI. If the response is received within a given time, communication on the shared channel is commenced as instructed by the eNodeB. Otherwise, the UE repeats the access procedure. As shown in the figure, this provides a common RACH access procedure applicable to both dedicated and random preamble based accesses.

3.


Conclusion 
In this contribution, we identified the differences between the agreed procedure for random preamble based RACH access and the procedure proposed in [3,4] for dedicated preamble based RACH access. The requirement for a common RACH access procedure independent of the preamble selection criteria is necessary to reduce the number of procedures in LTE, and thus satisfy the requirement set out in [6].

In the second half of the paper, we showed that how alignment of the RACH access procedures (based on random and dedicated preambles) can be achieved without sacrificing security or performance. 

RAN2 is requested to discuss the content of this contribution and agree on requirement for a common RACH access procedure.
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Listen to L1/L2 control channel for res-RNTI; the corresponding res-RNTI is identified based on the association between the preamble and res-RNTI
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Update RACH tx and response rx control parameters for dedicated preamble
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Listen to L1/L2 control channel for RA-RNTI
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