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1 Introduction

The Random Access procedure for initial access in E-UTRAN has been discussed extensively at the RAN2 adhoc on LTE and RAN2#54 meetings. Although some progress was made, e.g. content of the RA preamble is a 6-bit random identity and contention resolution before response from CN is available, several aspects remain to be agreed upon. This contribution addresses the open issues and proposes an overall Random-Access procedure for initial access in E-UTRAN.

2  Random-Access Procedure for Initial Access
During RAN WG2 meeting #54 ‎[2], RAN WG2 discussed the E-UTRAN Random-Access (RA) procedure. The discussed procedure is illustrated in Figure 1 and described below:

1. One or more UEs transmit random-access preambles on the RA channel.

2. The eNB responds with Timing Alignment (TA), UL scheduling grant and possibly a C-RNTI assignment to. The response is directed/sent to an address/identity associated with the detected preamble, henceforth referred to as RA_ID. The RA_ID may or may not have the form of a C-RNTI.

3. The UE transmits a L2 or L3 message on the granted UL resource. The message indicates the identity (distinct from the RA_ID) of the UE (UE_ID).

4. To resolve contention the eNB transmits a message indicating the identity (UE_ID) of the UE for which the eNB successfully decoded message 3. The contention resolution message is sent to the UEs which listen to the RA_ID.
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Figure 1: Random Access procedure for E-UTRAN initial access .
3 Open Issues

An efficient procedure for non-synchronized Random Access is essential for good performance of LTE. At the joint RAN1-RAN2 meeting in Cannes in June 2006 it was agreed that the non-synchronized RA burst in LTE carries 4 to 6 bits of information implicitly encoded in the RA preamble/signature ‎[1]. At RAN2#54 it was agreed as a working assumption that the random access preamble would carry a 6-bit random identifier which could be smaller if the number of preambles is lower ‎[2]. It was also agreed to support contention resolution at an as early stage as possible, i.e. before a response from the CN is received ‎[2].

The following issues remain open however:

i. Where and how to transmit the RA response (2)

ii. The transmission mode and content of the first scheduled UL transmission (3)

iii. The transmission mode and content of the “early” contention resolution message (4)

iv. Assignment of C-RNTI

3.1 Transmission of the RA response

The RA response should supply the UE with TA information and a resource allocation for UL transmission. It may also provide the UE with a C-RNTI assignment. A C-RNTI is however not needed if the UE is in the RRC_Connected state. Thus, to reduce the number of signalling options and conserve bandwidth, it would be preferred to align the signalling for RA from the RRC_Idle and RRC_Connected states and not include a C-RNTI assignment with the RA response. 

Although signalling of the TA information could nicely and cleanly be done on L1/L2 control channels, L1/L2 signalling has been identified as somewhat of a bottleneck. Thus, in order to preserve L1/L2 signaling resources, it is suggested that the RA response is mapped on the DL-SCH by means of one or more RA-RNTIs with which the RA preamble transmissions are associated. To limit the address space needed for RA-RNTIs while keeping the scope of the contention small, it is suggested that preambles transmitted on the same physical RA channel share a common RA-RNTI, but that physically different RA channels use different RA-RNTIs for the duration of contention, Figure 2.
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Figure 2: Example of Random-Access RNTI association.
To enable responding to many simultaneous RA attempts without unnecessarily restricting the freedom of the scheduler, it is perceived useful to allow RA responses to be sent not only at a single fixed time relative to the RA preamble, but rather to allow responses to be sent in a limited window, i.e. in a semi-synchronous fashion; e.g. a window of 2 TTIs starting 3 TTIs after the RA sub-frame. The size and position of this window is proposed to be FFS.
3.2 Transmission of the first scheduled UL transmission
Since the first scheduled UL transmission is done during potential contention, a non-decodable collision in the first transmission attempt would most likely lead to repeated non-decodability, would Hybrid ARQ be used. Letting retransmissions collide repeatedly until the maximum number of HARQ retransmissions have been reached, would introduce an unnecessary delay before UEs can conclude on a failure and retry. Considering that the HARQ RTT is in the order of 4 ms, the extra delay can be substantial. Hence, it would from a latency perspective be preferable not to employ HARQ at this point. Furthermore, contending UEs may transmit with mis-aligned UL timing and therefore interfere with transmissions from other UEs. This interference is minimized if HARQ is not used. Assuming that a 1 ms TTI can robustly carry twice the 24 bits of a 0.5 ms TTI, it also seems feasible to send an RRC Connection request, including a UE identity (e.g. TMSI), in a single TTI without HARQ. The eNB can issue a larger grant to allow larger messages either by extending the duration of the grant or, if propagation conditions allow and can be estimated by the eNB, by indicating a different transport format.

If an RRC_Connection Request with the agreed piggybacked NAS Service Request does not fit in the granted resources, the entire NAS container should be “detached” and transmitted after contention resolution. If scheduling information indicating that more resources are needed are sent together with the RRC Connection Request, more resources can be granted in parallell to the contention resolution message. UL transmissions scheduled after reception of the contention resolution message would be efficiently transmitted using HARQ.

3.3  Transmission of the early contention resolution message

To facilitate contention resolution, the contention resolution message includes a copy of the UE identity provided in the first scheduled UL transmission (i.e. the RRC Connection Request).Not to unnecessarily restrict the flexibility of the scheduler, it is proposed that the contention resolution message is transmitted asynchronous to the first scheduled UL transmission. By sending the contention resolution message to the RA-RNTI associated with the RA attempt, UEs which lost the contention but receive the contention resolution message can conclude that they failed without having to wait for a time-out.

Since there is still potential contention where some UEs may have mis-aligned UL transmission timing, it is proposed that the contention resolution message is transmitted without HARQ to avoid problems with mis-aligned ACKs and NACKs. To limit the scope of the RA-RNTIs, the contention resolution message is further proposed to also communicate the assignment of a C-RNTI. Being sent in response to a RRC Connection Request and conveying a C-RNTI assignment, the contention resolution message in the initial access procedure is henceforth considered to be an RRC Contention Resolution message.
3.4 C-RNTI allocation
As described above, the C-RNTI is proposed to be assigned with an RRC Contention Resolution message. The benefit of not assigning it with the RA response is that it maximises commonality with non-synchronised RA from the RRC_Connected state while minimizing the size of the RA response for RAs from both RRC_Idle and RRC_Connected. The benefit of not delaying the C-RNTI assignment till after the UE identity has been confirmed by the Core Network is that the address space occupied by RA-RNTIs can be limited in an efficient and deterministic manner.

4 Conclusion and Proposal
The proposed procedure for initial Random Access is summarized as follows:
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Figure 3: Initial Random Access procedure for E-UTRAN.
1. The Random-Access preamble carries an implicit 6-bit random identifier. The size of the random identifier may be smaller if the number of preambles is lower.
2. The RA response is sent on DL-SCH identified with a Random-Access RNTI  and conveys an initial UL grant and TA information.
a. Different preambles share a common RA-RNTI

b. Different RA-RNTI for different RA channels

c. Different RA-RNTI for different RA sub-frames within a contention-span

3. The first scheduled UL transmission is an RRC Connection Request, sent without HARQ
a. If the granted UL resource can completely accommodate  both RRC connection request and NAS service request, the NAS message is concatenated with the RRC connection request.

b. If the granted UL resource cannot accommodate both RRC connection request and NAS service request, only the RRC connection request is sent. The NAS container is sent, in its entirety, after contention resolution (with HARQ).

4. In response to the RRC Connection Request the eNB sends an RRC Contention Resolution message, without HARQ, to the UEs listening to the RA-RNTI associated with the UL grant used for the RRC Connection Request. The RRC Contention Resolution message includes an echo of the UE identifier submitted in the RRC Connection Request and a C-RNTI assignment. The transmission of the RRC Contention Resolution message is asynchronous to the RRC Connection Request.
It is proposed to capture the agreeable parts of the provided text proposal (Section ‎6) in the Stage 2 TS ‎[3]. 
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6 Text Proposal for the Stage 2 TS
--- Start of Text Proposal ---

10.1.5
RACH Procedure

RACH procedure is characterized by:

-
FDD and TDD shall use same procedure;

-
One procedure irrespective of cell size;

-
Early contention resolution will be used i.e. eNodeB does not wait for NAS reply before resolving contention.
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Figure 4: Initial Random Access procedure for E-UTRAN.
1. The Random-Access preamble carries an implicit 6-bit random identifier. The size of the random identifier may be smaller if the number of preambles is lower.
2. The RA response is sent on DL-SCH identified with a Random-Access RNTI  and conveys an initial UL grant and TA information.

a. Different preambles share a common RA-RNTI

b. Different RA-RNTI for different RA channels

3. Different RA-RNTI for different RA sub-frames within a contention-span

4. The first scheduled UL transmission is an RRC Connection Request, sent without HARQ
a. If the granted UL resource can completely accommodate  both RRC connection request and NAS service request, the NAS message is concatenated with the RRC connection request.
b. If the granted UL resource cannot accommodate both RRC connection request and NAS service request, only the RRC connection request is sent. The NAS container is sent, in its entirety, after contention resolution (with HARQ).
5. In response to the RRC Connection Request the eNB sends an RRC Contention Resolution message, without HARQ, to the UEs listening to the RA-RNTI associated with the UL grant used for the RRC Connection Request. The RRC Contention Resolution message includes an echo of the UE identifier submitted in the RRC Connection Request and a C-RNTI assignment. The transmission of the RRC Contention Resolution message is asynchronous to the RRC Connection Request.
--- End of Text Proposal ---
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