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1 Introduction
RACH is an important MAC procedure. With the introduction of carrier aggregation, many new problems about RACH are brought up. In this contribution, we mainly discuss the following open issues about RACH, and we hope some conclusions can be made through discussion.

· RACH carrier resource selection 
· UL/DL CC linkage during RACH
· DL carrier ambiguity
· RACH preamble retransmission

· RACH and RLF

2 Discussion
The scenarios which will trigger the random access in LTE-A are listed below, similar with Rel-8. In the following section, we will discuss the RACH issues based on the below scenarios.

Scenario1:  Initial access from RRC_IDLE.

Scenario2:  RRC Connection Re-establishment. 

        Scenario3:  DL data arrival while UL is out of sync.

Scenario4:  UL data arrival while UL is out of sync.

Scenario5:  UL data arrival and UL is in sync, but there is no D-SR resource for this UE.

Scenario6:  UL data arrival and UL is in sync, but D-SR has reached the max D-SR repetition.

Scenario7:  Handover (including intra-cell handover caused by security).

2.1 RACH carrier resource selection
For Scenario1/2, UE can be seen as in RRC_IDLE state. It can only acquire the RACH configuration through the system information of the camped carrier and initiate the random access procedure on this carrier. UE behavior during RACH can be the same as in Rel-8. There is no RACH carrier selection problem.
For the other scenarios, UE is in RRC_CONNECTED state. It can acquire the RACH configuration on multi-carriers. Hence there is more than one CC for UE to choose when initiating the random access. Following are two alternatives on how to select one CC to initiate the random access:

Alt1: The random access procedure is restricted on a certain working carrier with RACH configuration.

Alt2: The random access procedure can be initiated on any working carrier with RACH configuration.

Comparing the above two alternatives, Alt1 is compatible with Rel-8 but Alt2 can bring the benefit of balancing RACH load, decreasing the random access collision, and improving the success probability. In addition, Alt1 is not suitable for some cases, e.g. different timing advance For example, according to the LS from RAN1 and RAN4, it is possible that a UE will be configured multiple UL CCs with different timing advance. Thereby the UE should support at least one RACH for each UL CC subset which shares a common timing advance. From this point of view, Alt1 is inappropriate, Alt2 is more suitable.

 For the random access initiated by the UE MAC layer, the potential UL CC selection criteria are such as completely random, considering coverage and link quality of CC etc. For the random access procedure initiated by the PDCCH order, eNB should consider not only the above criteria but also the RACH load balance and the TA subset.

Proposal 1: In RRC_CONNECTED state, random access procedure can be initiated on any UL CC with RACH configuration. 

2.2 UL/DL CC linkage during RACH
For scenario4, if there is available dedicated preamble, non-contention based RA is preferred. The relationship between the DL CC used by Msg0 and the UL CC used by Msg1 should be discussed. There are mainly two alternatives:
Alt1: Using the UL/DL linkage.

Alt2: The carrier used by Msg1 can be explicitly indicated by Msg0.

Alt1 is simple, but not flexible. In some cases Alt1 may not work. For example, there are two pairs of UL/DL CCs in the system, named DL CC1/UL CC1, DL CC2/UL CC2, as in figure1.
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                                                                Figure1  UL/DL CC relationship
Assuming UL CC1 and UL CC2 have different time alignment, if the channel condition of DL CC2 is bad or with serious interference but we want to initiate RACH on UL CC2, its paired carrier DL CC2 can not be used, hence PDCCH order should be sent on DL CC1. In this case, only Alt2 can be used.
Proposal 2: For non-contention based random access, the carrier used by Msg1 should be explicitly indicated by Msg0 if cross-carrier scheduling is configured on it.

For scenario 7, handover scenario, the dedicated RACH resource is configured to UE by handover command (RRC reconfiguration with mobility control info), so the carrier for Msg1 transmission is configured explicitly or implicitly by the RRC signaling.
Proposal 3: The RA procedure in handover should be performed on the CC indicated in RRC signaling explicitly or implicitly.
For scenario2/3/4/6 and scenario4/7 without available dedicated preamble, contention based RA will be used. During the last meeting, RAN1 has made the following agreement: 
· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

That means the DL CC used by Msg2 and the UL CC used by Msg3 has UL/DL linkage, cross carrier scheduling are not supported. Which also means the linkage between Msg1 and Msg2 should also follow the UL/DL linkage for the RA-RANTI is computed through the UL CC used by Msg1.  

Proposal 4: For contention based random access, the carriers used to transmit Msg1/2/3 should be selected according to the cell-specific UL/DL linkage.

In Rel-8, one way to judge the contention resolution for contention based RA is as follows:
	-
if the C-RNTI MAC control element was included in Msg3: 

-
if the Random Access procedure was initiated by the MAC sublayer itself and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 

-
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI: 

-
consider this Contention Resolution successful;


If UE has already worked on some CCs normally and then there is data burst, the current UL working CCs are not enough, new UL CCs will be added. If multi-TA is supported and the CC which will be added has different time alignment with the working CCs, RACH will be triggered. Assuming contention based RA is applied, Rel-8 contention resolution judgment listed above will not work well because Msg4 support cross carrier scheduling, any scheduling for working CCs will be misunderstood by the UE as contention resolution message. In order to solve this problem, it is necessary to restrict that only when the UE receives PDCCH addressed to the UE’s C-RNTI and contains an UL grant for a new transmission towards the carrier initiating the RA, contention resolution can be regarded as successful.
Proposal 5: For contention based RA, if the C-RNTI MAC CE was included in Msg3, only when the UE receives the PDCCH transmission addressed to the UE’s C-RNTI and contains an UL grant for a new transmission towards the carrier initiating the RA, contention resolution can be regarded as successful.
2.3 DL carrier ambiguity
In LTE-A, cell-specific UL/DL CC asymmetric carrier aggregation can not be excluded till now. Figure 2 is an example. There are 2 Cells with the same UL CC: cell-1 includes DL CC1 and UL CC3; cell-2 includes DL CC2 and UL CC3. UE can access the network by the Cell-1 or Cell-2.

[image: image2.emf]CC1 CC2

CC3

DL

UL

Cell-1 Cell-2


Figure 2
Assuming the Cell-1 and Cell-2 is aggregated to provide the data transmission for UE, which DL CC should the UE listen after the UE initiates RA on the UL CC3?
Proposal 6: RAN2 should confirm whether this scenario should be concerned.
If the scenario is our concern, we should find some solution to solve the problem. 
There are mainly three alternatives, the alternatives and its disadvantages are listed below:
Alt1: Distinguish by physical method, such as Preamble or PRACH grouping.
          Disadvantages: 
                  1)  PRACH parameter configuration should be modified to make the different PRACH resources or preambles related to the different DL CC.
Alt2: Allocate different resource on each DL CC.
         Disadvantages:

                 1) Physical resource wastes and maybe UE power waste.

Alt3: Define a specific DL CC for each UL CC with RACH configuration.
         Disadvantages:

                 1) Introducing new signaling to indicate the specific DL CC.
As analysis above, each alternative needs some change to the current behavior, we suggest RAN2 to discuss how to solve this problem.

Proposal 7:  RAN2 is proposed to discuss three alternatives. 
2.4 RACH preamble retransmission
Since the Rel-10 UE can use more than one carrier, whether the RACH retransmission is allowed to change carrier or not is needed to be considered. 

For contention-free random access, dedicated preamble is CC-specific, hence it is reasonable that the preamble retransmission can not change carrier.

For contention-based random access, our understandings towards preamble retransmission changing CC are listed below:

· RACH parameters on each CC could be independent.
· Unexpected power ramping might occur if power parameters are changed.
· There is no evident gain.
· If the interference and link quality are needed to be considered, it may be carried out in the first    transmission occasion but not in the retransmission occasion.

Thus we propose:

Proposal 8: Preamble retransmission changing CC is not allowed.
2.5 RACH and RLF
In Rel-8, when the UE exceeds the maximum attempt number of RA, the MAC layer will indicate random access problem to RRC and RRC takes this as an indication of UL radio link failure and initiates RRC connection re-establishment. In multi-carrier system, things may be different.
For contention-free RA, the eNB can acquire the RACH load and the interference on each CC, thus it can choose a better UL CC to initiate the RA. If the RA on that CC failed, the MAC layer can inform the RRC layer of the random access problem and RLF can be considered to happen.
For contention-based RA, UE can not acquire much CC information, hence the UL CC used to initiate RA may be selected randomly, and thus the RACH failure on one CC can not represent the RACH failure on the other CCs. Only when the RACH failed on all or a group of the UL CCs with RACH configuration, random access problem can be indicated to RRC layer.

Proposal 9: For non-contention random access, the UE MAC layer can indicate random access problem to RRC when the RACH failed on the selected CC.
Proposal 10: For contention based random access, the UE MAC layer can indicate random access problem to RRC only when the RACH failed on all or a group of the UL CCs with RACH configuration.

3 Conclusion

Proposal 1: In RRC_CONNECTED state, random access procedure can be initiated on any UL CC with RACH configuration. 

Proposal 2: For non-contention based random access, the carrier used by Msg1 should be explicitly indicated by Msg0 if cross-carrier scheduling is configured on it.

Proposal 3: The RA procedure in handover should be performed on the CC indicated in RRC signaling explicitly or implicitly.

Proposal 4: For contention based random access, the carriers used to transmit Msg1/2/3 should be selected according to the cell-specific UL/DL linkage.

Proposal 5: For contention based RA, if the C-RNTI MAC CE was included in Msg3, only when the UE receives the PDCCH transmission addressed to the UE’s C-RNTI and contains an UL grant for a new transmission towards the carrier initiating the RA, contention resolution can be regarded as successful.
Proposal 6: RAN2 should confirm whether this scenario should be concerned.
Proposal 7:  RAN2 is proposed to discuss three alternatives. 
Proposal 8: Preamble retransmission changing CC is not allowed.

Proposal 9: For non-contention random access, the UE MAC layer can indicate random access problem to RRC when the RACH failed on the selected CC.

Proposal 10: For contention based random access, the UE MAC layer can indicate random access problem to RRC only when the RACH failed on all or a group of the UL CCs with RACH configuration.
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