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1. Introduction
Two types of RA procedures are currently specified in TS36.300: contention-based RA procedure and non-contention-based RA procedure [1]. In addition, we agreed that the access control rules (FFS) is applied to RA procedure [2]. Considering the use cases of two types of RA procedures, there is a possibility that the RA procedures are performed only for one UE at the same time, which may cause the interference of RA procedures and the ineffectiveness of the usage of RA signatures. To deal with these problems, this contribution discusses the RA procedure optimization and proposes corresponding access control rules.
2. Discussion
Considering the use cases of two types of RA procedures, there is a possibility that the RA procedures are simultaneously performed only for one UE in the case where DL arrival during RRC_CONNECTED loosing UL synchronization and UL data arrivals during RRC_CONNECTED loosing UL synchronization happen at the same time, as shown in Figs. 1(a) and (b). Note that the C-RNTI of the UE is stored in both UE and eNB. Considering that UL synchronization is likely to be lost due to “UL sync timer” [1], we think that the situation may not be rear case.
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Fig. 1(a): Case 1
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Fig. 1(b): Case 2

· Case 1: Immediately after the UE sends RA preamble (Message 1-1), it receives the dedicated RA preamble (Message 2-1).
· Case 2: Before the UE sends Scheduled Transmission (Message 1-3), it receives dedicated RA preamble (Message 2-1).
Considering the independency of handling DL data and UL data in LTE, there may be no problems of simultaneous execution of two types of RA procedures for one UE as like in Cases 1 and 2. However, this may cause the interference of RA procedures and the ineffectiveness of the usage of the RA signatures. To deal with this problem, we show a possible optimized RA procedure in the next section.
Summary: In order to reduce the interference of RA procedure and perform effective usage of RA signatures, optimized RA procedure should be needed.

3. Proposal
3.1.  Handling Case 1
Immediately after the UE receives dedicated RA preamble (Message 2-1), it recognizes that dedicated signature and random signature are assigned at the same time. On the other hand, the eNB can not recognize this situation where it just receives RA preamble from the UE (Message 1-1). Then, the eNB transmits Random Access Response (Message 1-2).
Fig. 2 shows the proposed solution, where the UE stops the transmission of Scheduled Transmission (Message 1-3), i.e., contention-based RA procedure is cancelled. In addition, if the UE can not detect the reception of RA response (Message 1-2), it does not retransmission of Message 1-1, i.e., the backoff is not needed.

· Pros

· RACH interference could be reduced.
· The backoff of Message 1-1 is not needed, which potentially gives the effective usage of RA signatures.

· The delay of resuming UL synchronization for DL data transmission could be reduced.

· The potential contention of Message 1-3 can be avoided.
· Cons

· The eNB may respond NACK for Message 1-3 even if UE does not actually transmit it because HARQ is applied to Message 1-3.
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Fig. 2: Proposed Solution

Regarding Cons, the number of wasteful HARQ attempts may be the most important issue. We believe it is not critical because the number of HARQ attempts of Message 1-3 is not so many, e.g., two [3] [4].
Proposal 1: If UE detects both dedicated signature and random signature before the reception of Message 1-2, it stops the transmission of Message 1-3. The backoff of Message 1-1 is not needed.
3.2.  Handling Case 2
After the UE receives dedicated RA preamble (Message 2-1), it recognizes that both dedicated signatures and random signature are assigned. On the other hand, the eNB can recognize this situation if it receives Scheduled Transmission (Message 1-3) and can detect the C-RNTI of the UE.
Fig. 3(a) shows one possible solution of RA procedures, where the UE stops the transmission of dedicated RA preamble (Message 2-2) to the eNB. When the eNB detects the C-RNTI of the UE, it can release the dedicated signature to the UE and stops non-contention based RA procedure. Note that RAN2 agreed in RAN2#58bis meeting that when a UE is allocated with a dedicated RA preamble, the UE shall perform RA procedure regardless of its UL synchronization state. This agreement should not be applied to this solution.
· Pros
· RACH interference could be reduced.
· The eNB can efficiently use dedicated RA signatures.

· The delay of resuming UL synchronization for DL data transmission could be reduced.

· Cons

· The potential contention of Message 1-3 could not be avoided so that the UL synchronization may be significantly delayed.
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Fig. 3(a): Alt.1 Possible Solution
In order to avoid such critical situation as described in the Cons, another solution which we would propose is that the UE stops the transmission of Message 1-3 as Proposal 1. Fig. 3(b) shows the solution.
· Pros
· RACH interference could be reduced.

· The potential contention of Message 1-3 could be avoided.
· Cons
· The eNB may respond NACK for Message 1-3 even if UE does not actually transmit it because HARQ is applied to Message 1-3.
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Fig. 3(b): Alt.2 Proposed Solution
Proposal 2: If UE detects both dedicated signatures and random signature after the reception of Message 1-2 but before the transmission of Message 1-3, it stops the transmission of Message 1-3.
According to Proposal 1 and 2, we propose the following RACH Access Control Rule.

Proposal 3: Access Control Rule “If UE detects both dedicated signature and random signature before transmission of Message 1-3, it stops the transmission of Message 1-3.”
4. Conclusion
There is a possibility that the RA procedures are simultaneously performed only for one UE in the case where DL arrival during RRC_CONNECTED loosing UL synchronization and UL data arrivals during RRC_CONNECTED loosing UL synchronization happen at the same time. Therefore, we have discussed the optimization of RA procedures and proposed the followings:
Proposal 1: If UE detects both dedicated signature and random signature before the reception of Message 1-2, it stops the transmission of Message 1-3. The backoff of Message 1-1 is not needed.
Proposal 2: If UE detects both dedicated signatures and random signature after the reception of Message 1-2 but before the transmission of Message 1-3, it stops the transmission of Message 1-3.

Proposal 3: Access Control Rule “If UE detects both dedicated signature and random signature before transmission of Message 1-3, it stops the transmission of Message 1-3.” 
~ Text Proposal for TS36.321 v1.0.0 ~

5.1.2
Random Access Resource selection

The Random Access Preamble can either be provided to MAC through explicit signalling (from RRC or from L1/L2 control channel (name FFS) [FFS] or a MAC control PDU [FFS]) or must be selected by MAC itself.

If the Random Access Preamble and PRACH resource are explicitly signalled it can directly proceed to its transmission (see subclause 5.1.3).
-
If a Random Access Preamble selected by MAC was transmitted and the UE was monitoring the reception of Random Access Response corresponding to the Random Access Preamble transmission, the UE shall:
-
stop monitoring the reception of it;
-
indicate to the higher layer that the random access procedure stopped.
-
If a Random Access Preamble selected by MAC was transmitted and the UE received the Random Access Response corresponding to the Random Access Preamble transmission, the UE shall:
-
neglect the UL grant value;
-
indicate to the higher layer that the random access procedure stopped.
-
If new Random Access transmission selected by MAC was determined by the back-off procedure, the UE shall:
-
stop the back-off procedure;

-
indicate to the higher layer that the random access procedure stopped.
If the Random Access Preamble must be selected by MAC, for FDD and TDD frame structure type 1, the UE shall:

-
depending on the size of the message to be transmitted on the UL or the requested resource blocks [FFS] [the selection also depends on radio conditions], select one of the two groups of Random Access Preambles configured by RRC;

-
randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability;

-
if more than one PRACH resources are available in the same subframe, randomly select one. The random function shall be such that each of the allowed selections can be chosen with equal probability;

-
proceed to the transmission of the Random Access Preamble (see subclause 5.1.3).

If the Random Access Preamble must be selected by MAC, for TDD frame structure type 2 it is FFS what the Random Access Preamble selection consists of.
~ End ~
~ Text Proposal for TS36.300 v8.1.0 CR0004 ~

10.1.5.1
Contention based random access procedure
The four steps of the contention based random access procedures are:

1)
Random Access Preamble on RACH in uplink: 

-
6 bits to carry: a 5 bit random ID, and 1 bit to indicate information on size of message 3 or requested resource blocks (FFS) limited by radio conditions. The groups of signatures that are used for indicating the 1 bit information, as well as necessary thresholds are broadcast on system information.
-
No retransmission with non-contention Random Access Preamble (see subclause 10.1.5.2)
NOTE:
the total number of bits is 5 for TDD Frame Structure Type II.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;

-
Addressed to RA-RNTI on L1/L2 control channel;

-
Conveys at least RA-preamble identifier, Timing Alignment information, initial UL grant and assignment of Temporary C-RNTI (which may or may not be made permanent upon RRC Contention Resolution);

-
Intended for one or multiple UEs in one DL-SCH message.
3)
First scheduled UL transmission on UL-SCH:
-
No adoption with non-contention Random Access Preamble (see subclause 10.1.5.2)
-
Uses HARQ
-
RLC TM: no segmentation (if RLC is involved);

-
For initial access:

-
Conveys at least NAS UE identifier;

-
If the size of the message allows it, the initial NAS message (or something allowing to build the initial NAS message in eNB) can be included;

-
Size of the message is dynamic.

-
After radio link failure:

-
Conveys the C‑RNTI of the UE in the cell where RLF occured, the physical layer identity of that cell and a MAC based on the keys of the source cell;

-
Does not contain any NAS message.

-
For other events:

-
Conveys at least C-RNTI.
~ End ~
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