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1. Introduction

In recent meetings, RAN2 agreed several points on the RACH procedure, as already captured in [1]. However, RAN2 didn’t discuss the range of RACH procedure period, required to have clear view on procedure delay like the range of T300 timer and the delay of handover failure. This document discusses some issues which still remain open in the RACH procedure in order to conclude on the range of RACH procedure delay for typical and worst case scenario. 

2. Discussion
2.1.  Delay of preamble retransmission

Two types of retransmissions are used for the random access preamble. One is retransmission is done in next available RACH slot without backoff. This is the normal behaviour. The other type is having a retransmission with backoff. This would be used for the purpose of access control. Retransmission delay without consideration of backoff delay is up to the relation between RACH slot and random access response window, since next available RACH slot is used for the retransmission. The behaviour is discussed in the following subsections from both RAN1 and RAN2 perspective.

2.1.1. RAN1 mainly related topic

Random access preamble transmission behaviour is illustrated in Figure 1. Figure 1 (a) shows the case where the random access response window is located before the next RACH slot. Figure 1 (b) illustrates the case where the random access response window overlapped with the next RACH slot. Depending on this overlapping, the retransmission delay is different between 10ms and 20ms assuming only one RACH slot is available in every 10ms radio frame. From latency perspective, 10ms retransmission delay is preferable. In order to conclude this, following should be concluded mainly in RAN1.

- The eNB delay between detection of random access preamble and transmission of random access response
- The UE delay between reception of random access response and the time of transmitting random access preamble again

- If frequency hopping impacts the delay of retransmission of random access preamble, this also should be concluded.

- It should be concluded whether the maximum number of random access preamble is configurable or not. In case of a configurable number, a typical number would be useful for the delay estimation purpose.
Proposal 1: Some points relate to random access preamble retransmission needs to be concluded. LS to RAN1 should be sent.
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(a) Consecutive Random Access Preamble slot can be used for retransmission 
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(b) Consecutive Random Access Preamble slot can’t be used for retransmission
Figure 1: Slot structure for Random Access Preamble and Random Access Response
2.1.2. RAN2 mainly related topic
Random access response window is specified in [1]. eNB has scheduling flexibility on this window. It’s requested to discuss in RAN2 how many subframes are required for the response window. In our view, 3 or 4ms would be enough in order to provide scheduling flexibility in eNB.

Proposal 2: RAN2 should discuss the size of the random access response window.
RACH procedure is used for several causes. We propose to use one value as maximum number of retransmissions among several causes in order to reduce the complexity and testing effort.

Proposal 3: one common maximum number of random access preamble retransmission among all causes.

2.2.  Delay of Message 3 retransmission

When the transmission of Message 3 fails, i.e. NACK is received, UE retransmits Message 3 according to the synchronous HARQ protocol. The final Message 3 failure is when the number of retransmission reaches the maximum number of Message 3 retransmission. RAN2 is trying to set maximum number of Message 3 size to always 72bits.
2.2.1. RAN1 mainly related topic

The following should be concluded mainly in RAN1. 

- The synchronous HARQ behaviour of Message 3 is same as HARQ protocol operation for UL-SCH.

- It should be concluded whether the maximum number of transmission for Message 3 is configurable or not. In case of configurable number, a typical number would be useful for the delay estimation purpose.

Proposal 4: LS to RAN1 should be sent on Message 3 retransmissions.

2.2.2. RAN2 mainly related topic
We propose that the number of HARQ retransmissions should be same among several causes. eNB couldn’t detect the cause of RACH procedure in case of non-dedicated signature. Therefore, the number of maximum HARQ retransmission should be same among causes at least in case of non-dedicated signature. In addition, for the simplicity, to have the same number also for dedicated signature would be better.

Proposal 5: The maximum number of HARQ retransmissions for Message 3 should be same among all causes.

Failure detection for Message 3 and Message 4 is very different between UE in RRC_IDLE (i.e. initial access and radio link failure recovery) and UE in RRC_CONNECTED (i.e. handover complete and UL/Data resuming). Therefore, we discuss these two separately. Behaviour of UE in RRC_IDLE and behaviour of RRC_CONNECTED are illustrated in Figure 2 and Figure 3, respectively. 

UE in RRC_IDLE

In RRC_IDLE which is used for initial access and radio link failure recovery, we propose that MAC informs RRC of Message 3 failure when the number of HARQ retransmissions reaches maximum. Therefore, UE RRC recognizes Message 3 failure from MAC. 

For Message 4, timers to detect failure are defined as T300 and T301 respectively, as already specified in [2]. These timers would be started in RRC, when RRC message receives acknowledgment of Message 3 from lower layer, as the behaviour is illustrated in Figure 2 (b). The timer also covers the case that HARQ NACK->ACK misinterpretation occurs in Message 3. The range of T300 and T301 would be decided as the sum among eNB processing delay to generate Message 4, Message 4 retransmission delay, and UE processing delay to receive Message4. 

Proposal 6: Message 3 failure detection is MAC responsibility except for HARQ NACK->ACK misinterpretation. MAC informs RRC of Message 3 failure, when the maximum number of HARQ retransmissions is exceeded
Proposal 7: Message 4 failure detection and Message 3 failure detection in case of HARQ NACK->ACK misinterpretation is RRC responsibility

Proposal 8: Typical value of T300 and T301 should be decided as the sum among eNB processing delay to generate Message 4, Message 4 retransmission delay, and UE processing delay to receive Message4
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(a) Message 3 failure behaviour
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(b) Message 4 failure behaviour

Figure 2: behaviour for initial access and radio link failure recovery
UE in RRC_CONNECTED_

In RRC_CONNECTED which is used for handover complete and UL/DL data resuming, RAN2 didn’t identify specific timer to detect failure so far. We propose to use the RLC SDU discard timer for the purpose of failure detection. In case of handover complete transmission and UL/DL data resuming, MAC informs RLC of Message 3 failure as illustrated in Figure 3 (a). RLC initiates retransmission to MAC, if RLC SDU timer in PDCP is not expired. When RLC SDU timer in PDCP is expired, PDCP indicates higher layer that Message 3 transmission is failed. For handover complete transmission and UL/DL data resuming, Message 4 may not exist. Therefore, this RLC SDU discard timer approach would be preferable rather than defining timer for Message 4 reception. 

In order to stop RLC SDU timer, RLC ACK would be required. In case of handover complete transmission, UE needs to detect whether handover complete message, which would be transmitted in RLC AM, is transmitted correctly or not. Therefore, poll bit needs to be activated in handover complete transmission. If UE doesn’t receive RLC ACK, PDCP recognized and indicated to RRC that Handover procedure is failed. This behaviour also could be applied for UL/DL data resuming, too. The behaviour is illustrated in Figure 3 (b).

Delay requirement for handover complete transmission is much tighter than delay requirement for normal u-plane. Therefore, it’s necessary to use short discard timer value for bearer which carries handover complete message (i.e. high priority SRB).

Proposal 9: RLC SDU discard timer should be used to decide Message 3 and Message 4 failure for handover complete and UL/DL data resuming. It should be possible to set short RLC SDU discard timer for high priority SRB

In case of handover complete, UE may be able to use dedicated resource in stead of starting from random access preamble. This would be true for dedicated preamble case, since timing alignment informed by Message 2 is not under contention. However, UE which uses non-dedicated preamble can’t use dedicated resource before Message 4 reception, since UE timing may not correct, since Message 2 might not be for the UE.

Proposal 10: Timing to start dedicated resource should be discussed for dedicated preamble case
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(a) Message 3 failure behaviour
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(b) Message 4 failure behaviour
Figure 3: behaviour for handover complete transmission and UL/DL data resuming
3. Conclusion
This document discusses RACH procedure. We propose that RAN2 discusses and agrees following proposal.

Proposal 1: Some points relate to random access preamble retransmission needs to be concluded. LS to RAN1 should be sent.

Proposal 2: RAN2 should discuss random access response window size.

Proposal 3: Maximum number of random access preamble retransmission should be same among all causes.

Proposal 4: LS to RAN1 should be sent on Message 3 retransmissions.

Proposal 5: The maximum number of HARQ retransmission of Message 3 should be same among causes.

Proposal 6: Message 3 failure detection is MAC responsibility except for HARQ NACK->ACK misinterpretation. MAC informs RRC of Message 3 failure, when the number of HARQ retransmissions reaches maximum
Proposal 7: Message 4 failure detection and Message 3 failure detection in case of HARQ NACK->ACK misinterpretation is RRC responsibility

Proposal 8: Typical value of T300 and T301 should be decided as the sum among eNB processing delay to generate Message 4, Message 4 retransmission delay, and UE processing delay to receive Message4

Proposal 9: RLC SDU discard timer should be used to decide Message 3 and Message 4 failure for handover complete and UL/DL data resuming. It should be possible to set short RLC SDU discard timer for high priority SRB

Proposal 10: Timing to start dedicated resource should be discussed for dedicated preamble case

Reference

[1] TS36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification"
[2] TS36.331, " Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC) protocol specification"















3GPP


