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1. Introduction

The current contention based RACH procedure is as shown in figure 1:
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Figure 1 RACH Procedure
RACH message 1 comprises the transmission of a randomly selected signature (“preamble”). A “collision” is said to have occurred if more than one UE transmits the same preamble signature in the same time-frequency resource. 

In case of a collision, all the colliding UEs interpret message 2 (which is transmitted by the eNB in response to a preamble and contains an identifier of the preamble, an UL resource grant for the transmission of message 3, and a Temporary C-RNTI) as being for them, and all transmit a message 3 (conveying at least a NAS UE Identifier) in the same UL resources.

The eNB will transmit “ACK” if it successfully decodes message 3, while if it fails to decode message 3 it will transmit “NACK” and the UE(s) will retransmit up to the configured maximum number of retransmissions.

2. HARQ for Message 3

If the eNB succeeds in decoding one message 3, HARQ ACK is sent and the collision is resolved when message 4 is received: any UEs which do not find their NAS UE identifier in message 4 will terminate the access attempt and retry from message 1. 

However, in practice if a collision occurs, the likelihood is that no number of retransmissions will succeed, as all the colliding UEs will retransmit at the same time.The maximum number of HARQ retransmissions of message 3 should therefore be tightly limited, As a high maximum number of retransmissions will simply increase the delay before the collided UEs can start again. 

Moreover, if the transmit power is set appropriately after the last power-ramped preamble transmission, a large number of retransmissions should be unnecessary. 

2.1 Non-initial access

UEs which have accessed the cell previously may already have a valid C-RNTI. Such UEs will ignore the temporary C-RNTI provided in message 2 and use their own C-RNTI in message 3. 

For UEs which are repeatedly or regularly accessing the network, it is undesirable for them to have to start the RACH access procedure again from the beginning every time a collision occurs. Some delay can be avoided for these UEs by allowing a larger number of HARQ retransmissions for message 3 if the UE already has a C-RNTI. In this case the eNB could flush its message 3 reception buffer when it reaches the maximum number of retransmissions for UEs which do not have a C-RNTI, and then still receive the message 3 from the UE with a C-RNTI. This would mean that the Node B would in any case NACK the first retransmission, but UE’s with only a temporary C-RNTI would not be allowed to retransmit, while UEs with a C-RNTI would retransmit again. 

Although setting a different maximum number of retransmissions would not help in the case of a collision between two UEs both with C-RNTIs, it would effectively give priority to the UE with a C-RNTI in the case of a collision with a UE without a C-RNTI.

3. HARQ for Message 4

Message 4 uses HARQ. The current 36.300 states that HARQ feedback is transmitted only by the UE which detects its own ID; however, as message 4 is addressed (on PDCCH) using the temporary C-RNTI, all UEs will respond with NACKs until they successfully decode the message. This will increase the ACK/NACK error rate for the UE for which message 4 was intended. Therefore NACKs should not be transmitted by any UE. 
Not transmitting NACK will increase the ACK->NACK and NACK >ACK error rates for the cases when no collision occurs; ACK->NACK is not a problem, but NACK->ACK will cause delay as the affected UE will assume a collision has occurred and start the whole access procedure again from the beginning.

The power level to be used for ACK feedback in response to message 4 could be defined as a configurable offset relative to message 3 or defined by RRC configuration.

5. Conclusions

In this contribution, we have presented our views on HARQ control for messages 3 and 4.

For message 3:

· the maximum number of HARQ retransmissions should be kept reasonably low, in order to limit the delay in case of a collision;

· it should be possible to prioritise UEs which already have a C-RNTI, by configuring a higher maximum number of message 3 HARQ retransmissions than for UEs which do not already have a C-RNTI. 

For message 4:

· HARQ NACK feedback should not be transmitted if a UE does not succeed in decoding message 4; 

· HARQ ACK feedback should be transmitted only by the UE which detects its own UE identity.
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5.3.2.2
HARQ process

The HARQ process processes the New Data Indicator (name FFS) indicated from the HARQ entity for each received MAC PDU.

The UE shall:

-
if a new transmission is indicated for this HARQ process:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if a retransmission is indicated for this HARQ process:
-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
if the data in the soft buffer has been successfully decoded:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:


-
if the downlink assignment for this TTI was not received with a RA-RNTI:
-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
if the HARQ process is associated with a transmission indicated with an RA-RNTI; or
-
if the HARQ process is associated with a transmission indicated with a Temorary C-RNTI and a Random Access Identity match is not indicated; or

-
if the HARQ process is equal to the broadcast process:

-
do not indicate the generated positive or negative acknowledgement to the physical layer

-
otherwise


-
if the downlink assignment for this TTI was not received with a RA-RNTI:
-
indicate the generated positive or negative acknowledgement to the physical layer.
- else:



-
if a positive acknowledgment was generated, indicate a positive acknowledgement to the physical layer
… sections omitted …

5.4.2.2
HARQ process

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

In case of dynamically scheduled transmissions, the UE is configured with a maximum number of transmissions that is identical across all HARQ Processes and all Logical Channels.
If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
if an uplink grant for this was received on [PDCCH]:
-
set CURRENT_IRV to the value indicated in the uplink grant;

-
generate a transmission as described below.
To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission with the redundancy version corresponding to the CURRENT_IRV value and the transmission timing;

-
if CURRENT_IRV < [Y] [FFS]:
-
increment CURRENT_IRV by 1;

-
increment CURRENT_TX_NB by 1;

The HARQ process shall:

-
if a HARQ ACK is received; or

-
if CURRENT_TX_NB ≥ maximum number of transmissions configured (where in the case of the uplink grant having been received in a Random Access Response, the maximum number of transmissions depends on whether the UE already has a C-RNTI):

-
flush the HARQ buffer.

The HARQ process shall also:

-
if CURRENT_TX_NB = maximum number of transmissions configured (where in the case of the uplink grant having been received in a Random Access Response, the maximum number of transmissions depends on whether the UE already has a C-RNTI) and

-
no HARQ ACK is received for this process:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.
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