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1
Introduction

This document proposes a format for the RA (Random Access) response in LTE.
2
Discussion

2.1 Contents of RA response / RA response PDU
Since RA responses to multiple UEs can be transmitted in one MAC PDU, we define the following notation to avoid confusion in the discussion which follows:


RA response:

The response to a single detected RA preamble


RA response PDU:


The PDU containing one or multiple RA responses

At most, a RA response must include the following four information elements:

1) RA preamble ID (6 bits)

2) TA information (11 bits [1])

3) UL grant (including only TF indication, RB assignment and power control correction [1]) (FFS bits)

4) T-RNTI (16 bits)

It is noted here that the UL grant within RA response is expected to consume less bits compared to the normal UL grant which is to be transmitted over PDCCH (which is expected to be around 25 bits + CRC bits [2]).

In addition to RA response(s), a RA response PDU includes the following:

1) Back-off information [FFS]

2) CRC
Since RA response is to be sent over PDSCH, similar to DL/UL-SCH MAC PDUs, CRC is assumed to be 24bits.
2.2 Only one or more than one RA response formats?

Depending on the scenario, not all four information elements of the RA response are necessarily needed. For example, (1) TA information is not needed when a cell is very small, (2) UL grant is not needed when the RA procedure is triggered due to DL data arrival for an UE in RRC_CONNECTED and (3) T-RNTI is not needed when the RA response is for an UE in RRC_CONNECTED.

In order to maximize the radio, only relevant information should be included within a RA response depending on the situation. However, allowing every possible combination seems to complicate the design too much. Considering that a full RA response is not so large (40~60bits), it is proposed to always utilize the full RA response regardless of the scenario.

Proposal 1: RA response always includes RA preamble ID, TA information, UL grant and T-RNTI.
2.3 MAC header for RA response PDU

The MAC header for a MAC PDU transmitted via the DL/UL-SCH consists of LCID and L fields. As for the RA response PDU, since the transmission of the RA response PDU is addressed by a PDCCH with CRC masked with the RA-RNTI, the equivalent of a LCID is not needed. Furthermore, if proposal 1 above is adopted, the L field is not needed since the size of the RA response is fixed. Even if it is decided to include the back-off information within the RA response PDU, the L field is not required as long as the back-off information is of fixed size and it is always placed at a known position (e.g. at the beginning or at the end) of the RA response PDU (we just propose to insert the back-off information at the beginning of the RA response PDU in this document). Therefore, it is proposed to include no MAC header for the RA response PDU, and the proposed RA response PDU format is illustrated in Figure 1.
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Figure 1 – Proposed RA response PDU format

When an UE receives the proposed RA response PDU, it can deduce the number of RA responses that was included in the RA response PDU from the PDU size. The UE can further locate where each RA response is located within the RA response PDU since it knows that the RA responses (which are of fixed size) are included at the beginning of the RA response PDU (if it is decided to include back-off information in RA response PDU, only after the back-off information). Then, the UE shall check to see if the RA preamble ID of any RA response in the RA response PDU matches the RA preamble it had transmitted. If needed, padding shall be inserted at the end of the RA response PDU.
Proposal 2: Adopt the format illustrated in Figure 1 for RA response PDU (it includes no MAC header).

3
Conclusion
This contribution addressed the RA response format for LTE.
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