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1. Introduction
In a CA scenario, there is the possibility that a UE can be configured with multiple PRACH configurations so that it can perform PRACH procedure in any configured and activated UL CCs (which we will just use CC in the following section).  In this contribution, the implication of this on preamble retransmissions and backoff mechanism is studied.  This contribution is an extension of the contribution [1] to see how multiple PRACH procedure can be implemented.
2. Discussion
2.1 Preamble Transmission

In Rel-8, preamble retransmission occurs in the following cases:

a. when no Random Access Response is received within the RA-window or 
b. if none of the Random Access Responses received contains the transmitted random access preamble or
c. the Random Access Response reception is not considered successful or
d. If contention resolution is not successful in Message4. 
The number of retransmissions may go up to the maximum number of preamble retransmissions. Furthermore, a backoff indicator may be included in a Random Access Response by the eNB. The preamble retransmission will then be delayed by a random backoff based on the backoff indicator. 

The following analyses the possible reasons behind each case where preamble retransmission occurs:

Case (a) The transmit power of the transmitted preamble is not sufficient for reception at the eNB and eNB could not detect the random access preamble transmission.
Case (b) It is the same as Case (a).
Case (c) When PDCCH RA-RNTI or RAR cannot be decoded by the UE.
Case (d) More than 1 UE uses the same preamble for transmission in the same TTI which leads eventually to contention resolution failure.
If a RRC CONNECTED UE can only have 1 PRACH configuration which maybe on the primary cell or anchor cell, then the existing Rel-8/9 PRACH procedure, including backoff utilization can be reused since UE can only perform the PRACH (re)transmission on the primary or anchor CC. This option is simple but does not take into consideration the benefit of multiple CCs in CA scenario. 
One simple way of exploiting multiple PRACH configurations is by allowing a CC selection for PRACH at the beginning of the preamble transmission.  There could be possibly different ways of selecting this CC, e.g. randomly, fixed to the UL CC where the SR is configured etc.  This will probably need further study if this variation is used. The CC selection will probably help in distributing the PRACH load.
Other schemes of exploiting multiple PRACH configurations are as follow:

· Scheme 1: Preamble retransmission is performed on the same CC until the maximum number of preamble attempts is reached and the PRACH procedure is applied again on another CC

In this scheme, the PRACH procedure is the same as the Rel-8/9 and the only change is that the PRACH failure only occurs when all the CCs have been attempted. For this scheme, UE does not need to perform CC selection during the PRACH retransmission period. Hence only small change is needed to UE operation with only slight increase in UE complexity. Another improvement is that it provides more random access chances without incurring any more random access resources per CC.  But the PRACH success may be delayed since UE has to perform maximum number of PRACH transmission on the same CC that maybe congested. 
· Scheme 2: Preamble retransmission is performed on different CC
In this scheme, UE can select a CC with earliest PRACH transmission slot for PRACH retransmission. That is, a CC with the smallest backoff value is selected which shortens the next PRACH transmission waiting time.  Alternatively UE can also select randomly a CC for PRACH retransmission. This scheme improves the following:
· provides more random access chances without incurring any more random access resources per CC
· distribute the random access load among the different CCs and thus may improve preamble detection and reduce collision

· with CC selection based on the smallest backoff (also least congested), it helps to improve the random access delay and success probability.

Hence:

Proposal 1:  It is proposed that RAN 2 investigates further on using multiple PRACHs to improve on random access performance.

2.2 Backoff mechanism

As aforementioned, to fully achieve the gain of scheme 2, another related issue is how to define backoff application principles in LTE-CA scenario. In LTE, eNB can include a backoff value in Message2 if the current PRACH is overloaded to postpone UE’s next PRACH transmission. In LTE-A CA scenario, due to multiple CCs are configured with PRACH resource, two options are possible for backoff mechanism: 
· Option 1: backoff indicator from the RAR of a CC is only applicable to that CC.
· Option 2: backoff indicator from the RAR of a CC is applicable to all CCs.
For option 1, if UE received a backoff value in Message2 message, UE should link this value to the CC adopted for its previous PRACH transmission. This value should be taken into account if other PRACH transmission will happen on this CC unless this backoff expires. This option enables eNB to control the PRACH load condition on each CC independently hence help to optimise UE access performance. For example, if a CC is in a low load condition, it is not necessary to delay UE’s next PRACH transmission on this CC and hence improve the access delay. Also, a CC with small backoff value indicates small collision or small load situation on this CC. So if UE can select CC with smallest backoff value, this helps to improve the preamble detection or reduce collision.
For option 2, when UE receives RAR with a backoff value, it is apply to all CC. UE will randomly delay by up to the common value for its next PRACH transmission regardless which CC is selected. This scheme is simple from UE point of view since only one backoff value is maintained which is similar to LTE. But the overload condition of each CC can not be controlled separately. One CC overload will delay UE random access on another CC even though the selected CC is not overloaded. Hence this may affect UE UL access performance.
Proposal 2: It is proposed that backoff indicator from the RAR of a CC is only applicable to that CC when UE is configured with multiple PRACH configurations.
3. Conclusion

RAN 2 is requested to discuss the following proposals:
Proposal 1:  It is proposed that RAN 2 investigates further on using multiple PRACHs to improve on random access performance.

Proposal 2: It is proposed that backoff indicator from the RAR of a CC is only applicable to that CC when UE is configured with multiple PRACH configurations.
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