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1. Introduction 
In RAN1 #53bis, carrier aggregation was agreed to be used to support wider bandwidth (>20MHz) in LTE-advanced [1]. And several baseline assumptions were also agreed in RAN1 #55 [2], including

· It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. 
· It shall be possible to configure all component carriers LTE Release 8 compatible. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded. 
· Assume the same methodology in the development of the L1 specifications for contiguous and non-contiguous aggregation.
Based on above assumptions, initial uplink access procedure, i.e. contention based random access procedure, is discussed in this contribution. 
2. Discussions
To allow for backward compatibility and speeding up specifications of LTE-Advanced, the analysis and conclusions in LTE should be inherited in LTE-Advanced as much as possible, therefore from the following discussion it can be seen that the major problem to be solved in LTE-Advanced is carrier selection in each step of initial uplink access procedure. As performed in LTE system, contention based random access procedure in LTE-Advanced should also include the following four steps:
· Step 1: Preamble selection/transmission
After initial downlink synchronization, a UE will synchronize/anchor to a certain downlink component carrier and start to read BCH. From the D-BCH transmitted on this downlink component carrier, it is straightforward that this UE can obtain carrier frequency and bandwidth of the uplink carrier on which selected random access preamble will be sent by the UE. For describing convenience, hereinafter the aforementioned information in D-BCH is treated as linkage indication between downlink component carrier and the uplink component carrier for random access procedure as shown in Fig 1.

[image: image1.emf]DL Component Carriers (3 × 20MHz as an example)

UL Component Carriers (2 × 20MHz as an example)

DL component carrier 2, 3 

are linked to  UL component 

carrier 2

DL component carrier 

1 is linked to UL 

component carrier 1

PRACH designated by parameters in D-BCH of DL component carrier 1/2/3

Synchronization signal (primary and secondary) Broadcast channel


Fig 1 Example of Downlink and Uplink component Carriers linkage for Initial Uplink Access
In addition, from the D-BCH of the same downlink component carrier, the UE can also obtain the necessary PRACH parameters in the corresponding uplink carrier containing PRACH(s), which includes
· PRACH configuration index (implying time domain position of the available random access opportunities, preamble format), 
· frequency position of the available random access opportunities, 
· logical index of the first available root sequence, 
· cyclic shift 
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· set type (unrestricted or restricted set), and so on

Then with the same process as LTE, all of the available preambles will be generated and UE will transmit one preamble selected from them by MAC mechanism to eNB on a certain PRACH resource of the uplink component carrier designated by D-BCH on the downlink component carrier which this UE synchronized/anchored to during initial downlink synchronization.
· Step 2: Random Access (RA) Response
After detecting the preambles, a RA response, which intends for a variable number of UEs and accommodates RA-preamble identifier, timing alignment information, initial UL grant and temporary C-RNTI will be generated and transmitted to UEs by eNB. 
When there is only one downlink component carrier linked to a certain uplink component carrier, e.g. downlink carrier 1 and uplink carrier 1 in Fig 1, it is obvious that the RA responses intended for the UEs sending preambles in the corresponding uplink component carrier should be transmitted in this sole downlink component carrier, like RA response transmission in LTE.
When there are several downlink component carriers linked to a certain uplink component carrier, the downlink component carrier selection for RA response transmission should be addressed and two methods have been presented in [3]. Herein two more methods are discussed in conjunction with methods in [3].
Method 1
Different PRACH parameters are broadcasted among different downlink component carriers. Then by detecting the characteristic of a preamble sent by a UE, e.g. the time/frequency location of this preamble or root sequence, the eNB can determine which downlink component carrier the UE synchronizes/anchors to and afterward the corresponding RA response is only transmitted in that detected downlink component carrier. Herein we enumerate some PRACH parameters which can be used to distinguish different downlink carriers linked to the same UL component carrier:
· time domain position of PRACH(s), i.e. different PRACH configuration indices with identical preamble format, which result in different PRACH time location
· frequency domain position.
· root sequence index.
For simplicity, all such parameters are called as ‘specially configured parameters’ hereinafter.
Method 2

All downlink component carriers linked to a certain uplink component carrier can broadcast identical ‘specially configured parameters’ and the RA response, intended for a UE sending the preamble in this uplink carrier, is transmitted on all downlink carriers linked to this uplink component carrier.
Method 2 is not an efficient way from the perspective of downlink resource utilization as mentioned in [3]. Compared with method 2, method 1 can save downlink resource, but may bring considerable limitation/impact of PRACH configuration. 
For example, if logical root sequence index is used to distinguish different downlink carriers, the root sequence reuse factor will decrease compared with LTE, which means more inter-cell interference. Meanwhile more root sequences in one cell implies more intra-cell interference due to the non-ideal orthogonal property between ZC sequences. If time or frequency domain position is used, the flexibility of PRACH density allocation will be limited, of course which is also an undesired consequence. Consequently, method 3 and 4 are studied.
Method 3

The downlink component carriers linked to a certain uplink component carrier can be divided into several groups. Different ‘specially configured parameters’ are broadcasted among different groups to allow for group distinguishability. For the downlink component carriers within same group, the ‘specially configured parameters’ can be identical and the RA response is transmitted on all downlink carriers within this group as shown in Fig 2.
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Fig 2 Example for Method 3
This method can achieve a good tradeoff between PRACH configuration limitation and the efficiency of downlink resource utilization and can even support a dynamical adjustment between method 1 and method 2. Furthermore, it is delightful that method 3 does not introduce any additional complexity compared with method 1 and 2. At this stage, of course what kind of ‘specially configured parameters’ is used to distinguish the downlink component carrier is FFS or maybe treated as an implementation issue.
Method 4

Only one downlink component carrier is allowed to be linked to a certain uplink carrier even if the number of downlink component carriers is more than that of uplink component carriers. Then the RA response intended for UE sending preamble on a certain uplink component carrier shall only be transmitted in the corresponding downlink component carrier linked to that uplink carrier as shown in Fig 3. This method implies that not all downlink carriers have the capability of downlink synchronization, i.e. cell search and BCH reception when the number of downlink component carriers is more than that of uplink component carriers. However, since this method doesn’t violate current baseline assumptions, it should not be excluded at this stage and whether the limitation of this method can be accepted or not should be further studied.

[image: image4.emf]DL Component Carriers (3 × 20MHz as an example)

UL Component Carriers (2 × 20MHz as an example)

DL carrier 1 is linked 

to UL carrier 1

PRACH with a certain kind of 

‘

special parameters

’

 broadcasted DL carrier 1 or 2

Synchronization signal (primary and secondary)

Broadcast channel

DL carrier 3 can not be used 

for DL synchronization

RA response for preambles sent in UL carrier 1

DL carrier 2 is linked 

to  UL carrier 2

RA response for preambles sent in UL carrier 2


Fig 3 Example for Method 4
Finally, the discussion of whether one downlink component carrier can be linked to several uplink component carriers especially when the number of downlink component carriers is less then that of uplink component carriers, which means that UEs can transmit preambles on any of the linked uplink component carriers corresponding to the downlink component carrier they synchronize/anchor to, is out of the scope of this contribution and can be FFS.
· Step 3: Scheduled Transmission (also called ‘Msg 3’)
According to the UL grant sent in RA response, a scheduled transmission (Msg 3) including RRC Connection Request, NAS UE identifier, etc will be transmitted with PUSCH in the same uplink component carrier as used for sending preamble in step 1.
· Step 4: Contention Resolution (also called ‘Msg 4’)

In step 4 contention resolution message will be transmitted with PDSCH accompanied by a PDCCH addressed to temporary C-RNTI. The same downlink component carrier(s) as used for RA response transmission can be used for Msg 4 transmission.
3. Conclusion

In this contribution, initial uplink access procedure in LTE-advanced is discussed. And we propose that the RA procedure design for LTE-A should inherit the analysis and conclusions of LTE RA procedure as much as possible for the purpose of backward compatibility and speeding up the specification of LTE-Advanced. Besides, for the case of downlink component carrier heavy, method 3 in this contribution is considerable for RA response transmission.
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