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1. Introduction
In current stage 2 specification 36.300 dedicated signature is used for intra-LTE handover as well as DL data arrival case. In section 10.1.5.2 of [1] non-contention based random access procedure is depicted in 3 steps:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
But after looking close to failure case of step 3, it is found that logically step 4 i.e. one acknowledge message from UE is needed to confirm that non-contention based random access procedure has succeeded especially for DL data arrival case. 
1.1.  consideration
In figure 10.1.5.2-1 [1] if every step goes well , of course there is no problem . but every step can possibly failed due to e.g. power shortage , uplink interference or coverage aspect etc. here the possible failure cases are listed:
Failure case 1: Loss of step 1 i.e. eNB sends RA Preamble assignment message, but UE failed to receive it correctly ;
Failure case 2: Loss of step 2 i.e. UE sends Random Access Preamble, but eNB failed to receive it correctly;
Failure case 3: Loss of step 3 i.e. eNB sends Random Access Response, but UE failed to receive it correctly.
In case 1 eNB will know it because eNB can not receive corresponding random access preamble message within predefined duration. And for UE it does not matter because it has not even received the message.
In case 2 UE will know RA procedure fail because it can’t receive Random Access Response message within predefined reception window. And for eNB there is no difference between case 1 and case 2.
In case 3 for UE there is no difference between case 2 and case 3, so UE simply think this round random access fail but for eNB it is not the case. eNB will think that the whole random access procedure succeed! This is partly because message 3 is sent on CCCH i.e. RLC mode is TM i.e. no RLC ACK/NACK is fed back. Furthermore no HARQ is to be used either. Thus after eNB sending message 2 eNB will just think it did it and expect no response any more. 
Here are the main troubles caused by loss of Random Access Response:

· Non-synchronization of status of uplink synchronization between UE and eNB

Random Access Response is supposed to deliver timing alignment to the UE. If this message is lost UE is still out of uplink synchronization. But eNB will believe it made it.

· Failure of downlink transmission

Since eNB believe UE in synchronization so it will continue to transmit downlink data packet if any. While UE will turn to retransmit random preamble if still allowed and will not receive downlink data. If the whole random access procedure failed at last UE either refuse to accept any unicast from eNB. Or if it chose to receive downlink data, but most of the HARQ ACK/NACK is also likely lost which will result much more retransmission and high error rate. Time-frequency resources are also wasted until eNB realize that UE are still out of synchronization. this situation can’t be justified automatically because eNB can’t send a right timing alignment adjustment command based on correct reception of related uplink signal.
· Misusage of dedicated signature 
It is very natural for eNB to release the dedicated signature after it sends the Random Access Response message and reallocate it to other UE if any. But UE will continue to send random access preamble before the maximum allowed retransmission reaches. That means UE will continue to use dedicated signature which has been released or even reallocated by eNB. When eNB receive this dedicated signature it simply can’t identify which UE is this signature for or it will identify a “wrong” UE if the same dedicated signature has been reallocated to other UE.
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Figure 2

In case (a) in figure 2 eNB release dedicated preamble after sending the RA Response which is lost. When UE1 retransmits Random Access Preamble eNB will fail to identify from which UE this RA preamble is coming and ignore it. Or in either way eNB may still keep the dedicated preamble for UE1. In this way the retransmission of RA Preamble help eNB realize that RA Response to UE1 is lost. But this also means logically the retransmission of RA Preamble is sort of negative acknowledge of RA Response. And for eNB it can’t make sure that RA Response is received correctly because retransmission from UE1 may also fail. and before eNB believe UE has received the RA Response it can’t send any data. Thus introduce too much delay both in UP and CP plane and result less radio efficiency of dedicated preamble.
In case (b) eNB reallocate the same dedicated preamble to UE2. When UE1 and UE2 send the RA Preamble at the random access slot eNB will response one TA for both UE1 and UE2. so however eNB obtain the TA it must be wrong for one of the UE in most case.
In case (c) if UE2 intend to handover from source eNB then the wrong TA will result transmission failure of HO CMP message. And for UE1 it is also puzzled because it has not expect any uplink grant.
For both (b) and (c) it is also possible that UE1 and UE2 sent the RA Preamble message in different access slot. The UE going first may get through correctly. But 2nd is deemed to fail. in case (c) if UE2 goes first eNB may receive RA Preamble from UE1 when expecting HO CMP message and what shall eNB do then?
1.2. proposal
the problems listed above mainly result from the loss of RA Preamble message but eNB does not know it. We propose to introduce step 4 for the non-contention random access procedure which is used for UE to acknowledge that UE has already received the Random Access Response correctly. Actually for handover case this message has already existed. Handover Complete message sent from UE to target eNB logically also confirms that it has received Random Access Response message. In this way eNB can released and reallocated the assigned dedicated signature to other UEs. If no Handover Complete message is defined then similar problem also exist for handover case.
For DL data arrival case one uplink signaling is introduced from UE to eNB to indicate the acknowledge. Then the non-contention random access procedure is changed as in figure 2:
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Figure 3
In this way for failure case 3 i.e. if Random Access Response is lost eNB will also know it because it can’t receive Random Access Response ACK message from UE. It may introduce failure case 4 i.e. UE has sent Random Access ACK but eNB fails to receive it correctly. But it seems does not matter any more. If afterwards UE want to send something it still has to go via RACH procedure since no dedicated uplink resource is remained. And if eNB still want to send data packet it will re-send RA Preamble assignment to UE because eNB think random access procedure has not succeeded. 
UL grant shall also be added to the message 3 so UE can use it to send message 4. the UL grant for DL data arrival is different from that for Handover Complete. eNB can learn the random access cause by identifying the dedicated signature and then decide how to set the UL grant in step 3.

In this way non-contention random access procedure model is almost the same for handover case and DL data arrival case. The difference is the detail signaling content of step 1 and step 4 which can be specified in RRC and/or MAC specification respectively.

Proposal 1: to introduce step 4 i.e. Random Access ACK for non-contention random access procedure in stage 2

Proposal 2: to specify detail signaling of step 1 and step 4 in stage 3 specification for handover case and DL data arrival case respectively
2. Conclusion
If message 3 in non-contention random access procedure is lost , it will result in:
· Non-synchronization of status of uplink synchronization between UE and eNB

· Failure of downlink transmission

· Misusage of dedicated signature etc.
In order to cope with this problem ZTE propose:

Proposal 1: to introduce step 4 i.e. Random Access ACK for non-contention random access procedure in stage 2

Proposal 2: to specify detail signaling of step 1 and step 4 in stage 3 specification for handover case and DL data arrival case respectively

3. Text proposal for 36.300
10.1.5.2
Non-contention based random access procedure
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
The four steps of the non-contention based random access procedures are:

0)
Random Access Preamble assignment via dedicated signalling in DL:

-
eNB assigns to UE a non-contention Random Access Preamble (a Random Access Preamble not within the set broadcasted on BCH).

-
Signalled via:

-
HO command generated by target eNB and sent via source eNB for handover;

-
MAC signalling (L1/L2 control channel or MAC control PDU is FFS) in case of DL data arrival.

1)
Random Access Preamble on RACH in uplink: 

-
UE transmits the assigned non-contention Random Access Preamble.

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:

-
Timing Alignment information and initial UL grant;


-
RA-preamble identifier.

-
Intended for one or multiple UEs in one DL-SCH message.

3)
Random Access Acknowledge on UL-SCH:
-
uses HARQ;
4. Reference
[1] R2-074673 Stage 2 Update - Nokia Siemens Networks (Rapporteur) RAN2#60, Jeju
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