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1 Introduction

The content of and transmission scheme for msg4, i.e. the RRC Contention Resolution message, of the E-UTRA non-synchronized RA procedure have been discussed at RAN2#56 and as part of an email discussion that followed on the RAN2 reflector. Little has, however, been concluded. The main controversies appear to be concerning whether the RRC Contention Resolution message should

· include also an RRC Connection Setup message,

· be HARQ assisted and

· whether the C-RNTI should be assigned with this message or not.

This contribution discusses these three issues and proposes to agree on a low complexity solution for msg4.
2 RRC Contention Resolution message

The objective of the RRC Contention Resolution message is to resolve a winner if multiple UEs performs access attempts on the same resource. The winner shall be notified to proceed and the losers shall be notified that they need to retry. The RRC Contention Resolution should be performed as early as possible in order to:
· Keep the required lifespan of RA-RNTIs short (and thereby also keep the required number of RA-RNTIs low)

· Minimise latency for UEs losing a contention

· Minimise subsequent collisions of scheduled transmissions  
2.1 RRC Connection Setup
Requirements for RRC Connection Setup are slightly different. If RRC Connection Setup is done after contention resolution, HARQ can be applied without risk for side-effects due to mis-aligned feedback signalling (i.e. mis-timed ACK/NACKs interfering with ACK/NACKs of other UEs) etc. ‎[1] shows that RRC mobility support is not needed during initial NAS signalling. Further, RRC security cannot be enabled until the UE context with necessary security information has been obtained from the CN. Hence, it would seem adequate to complete the RRC Connection Setup when security can be enabled. As UE context and NAS Service Accept are likely to reach the eNB at roughly the same time, this would also enable piggybacking of the Service Accept on the RRC Connection Setup which creates a natural inter-protocol synchronisation point and may reduce the number of transmissions over the radio.
2.2 HARQ assistance

Proper system operation can most likely be ensured with both HARQ-less and HARQ-based transmission of msg4, the RRC Contention Resolution message. The two options have different drawbacks, however. Below follows a summary:

HARQ-less transmission:

· More overhead for msg4.

· Cost ‘triggered’ by successful reception of msg3.
HARQ-based transmission:

· Larger and therefore less robust or more resource consuming transmission of the HARQ-less msg2
· Cost ‘triggered’ both by successful preamble detection and by false preamble detection (false alarm).
· Need for access cause indication in msg1 to optimize the size of msg2 to avoid unnecessary C-RNTI allocation when C-RNTI is already available
· Access cause indication may result in reduced randomness and increased collision probability.
· Potential interference with other UE’s HARQ ACK/NACKs

· The implementation of HARQ ACK/NACKs has not yet been decided. Thus, there is uncertainty as to the severity of misaligned ACK/NACKs. Since the bulk of the ACK/NACKs are expected to be related to normal UP data transfers, it would seem more natural to optimize the ACK/NACK scheme to that scenario than to let the RA procedure impose requirements or restrictions on the ACK/NACK implementation.

· To avoid side-effects of misaligned feedback signaling special HARQ behaviour is needed for msg4
· Only the UE who finds its own ID echoed back in msg4 may transmit HARQ ACK (i.e. HARQ NACKs are not transmitted). UEs whose IDs are not present in msg4 detects only a CRC error and cannot distinguish decoding failure from lost contention. They have to rely on timeout.
· More sensitive to higher collision probability

· For low collision probabilities HARQ-based and HARQ-less transmission of msg4 have been shown to have similar latency performance. For higer collision probabilities, however, HARQ-based transmissions suffer relatively larger latency penalties for losing UEs.
· More overhead due to false preamble detections (false alarms)
· The false alarm rate is proportional to the number of provided access opportunities rather than to the utilization. Hence, operation at lower collision probability results in more resource allocation overhead due to false alarms.
· Requires more resources for RACH to achieve the lower collision probability
· These extra resources are in principle pure overhead which is more or less independent of whether there is an access or not; i.e. fixed overhead. Overhead caused by not using HARQ on msg4 is dynamic and only consumes radio resources when there is in fact an access; i.e. the resources can be re-used for e.g. UP data if there is no access. Hence, it is not obvious that applying HARQ on msg4 would improve the radio efficiency. Such a claim needs justification.

While we believe that with sufficiently many and elaborate workarounds, problems can be solved in multiple ways, we also believe that simple and straightforward solutions are neater. Regarding the application of HARQ on msg4, many uncertainties remain about the overall efficiency benefits of it and about the additional complexity which may be required for its operation. As unnecessary complexity and functionality should not be introduced ‎[2], we believe significant gains in latency performance and overall radio efficiency should be shown to justify HARQ-based transmission of msg4. Currently, is not clear that HARQ would either be required for or ensure efficient system operation. It is therefore suggested that msg4 is transmitted without HARQ.

2.3 C-RNTI allocation

When HARQ is not applied to msg4, there are no issues with misaligned feedback signals and, hence, one can be less restrictive regarding the number of UEs which listens to the same RNTI. C-RNTI assignment may therefore be deferred until msg4 to limit the amount of information transmitted in msg2. This further enables the use of a common msg2 format for caseswhere UEs have and don’t have a C-RNTI already. Hence the same initial 2-message sequence can be used for both UEs initiating transition to RRC_Connected and for UEs initiating UL re-synchronisaton while in RRC_Connected.
3 Conclusions and Proposal
RRC Connection Setup can be sent together with the initial NAS response rather than together with the RRC Contention Resolution. HARQ-based transmission of msg4 would be more complex than HARQ-less transmission. As neither efficiency benefits nor need for HARQ-based transmission of msg4 have been quantified, the extra complexity for specification, implementation and testing of HARQ for msg4 appears unjustified. HARQ-less transmission of msg4 is therefore preferred. When HARQ is not applied to msg4, C-RNTI assignment is preferably deferred until msg4.

Based on the observations and findings in Section ‎2, it is proposed to agree that:

· RRC Contention Resolution and RRC Connection Setup are separate messages

· RRC Contention Resolution is transmitted without HARQ

· C-RNTI is assigned with the RRC Contention Resolution message
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