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1 Introduction
When a UE is powered up or re-accesses a cell, it is supposed to perform the random access procedure. If there is only one component carrier linkage between downlink and uplink as in 3GPP LTE, then an eNB would surely know about the downlink component carrier frequency at the RACH preamble reception. However, in LTE-Advanced system, multiple component carriers may be used in both downlink and uplink, which may be also configured in a manner of multiple downlink carriers to one uplink component carrier. In this case, an eNB may need to identify which downlink component carrier a UE really is hearing. This contribution summarizes several approaches which can resolve this carrier identification issue and shows our preference.
2 Carrier Identification during RACH Procedure
Carrier identification issue only occurs when asymmetric carrier aggregation is configured in a cell-specific way so that multiple accessible downlink carriers indicate the same uplink component carrier. Three asymmetric deployment scenarios with the highest priority for LTE-A feasibility study have been identified by RAN4 [12] :
	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs

	4
	Single-band, non-contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Non-contiguous 20 + 20 MHz CCs

DL: Non-contiguous 2x20 + 2x20 MHz CCs

	11
	Single-band Contiguous spec. alloc @ Band 7 for FDD
	UL: 20 MHz

DL: 40 MHz
	UL: 1x20 MHz CCs

DL: 2x20 MHz CCs

	12
	Multi-band non-contiguous  spec. alloc. @ Band 7 and the 3.5 GHz range for FDD
	UL: 20 MHz

DL: 60 MHz
	UL/DL: 20 MHz CCs @ Band 7

DL : Non- contiguous  20 + 20  MHz CCs @ 3.5 GHz band


 It appears than 2-1 configuration is common to all asymmetric identified scenarios above (note that max asymmetric configuration of 3-1 is possible), as shown in Figure 1, where 2x20MHz accessible downlink carriers are linked to one 20MHz uplink carrier. . In this case, a UE may access any DL component carrier which is accessible and transmit a RACH preamble on the linked uplink component carrier. Once the RACH preamble is detected at eNB, the eNB should identify the downlink carrier frequency.

[image: image1]
Figure 1, asymmetric carrier aggregation (note that the carriers are not necessarily contiguous)
One simple solution is that a cell may enable only one accessible downlink carrier when asymmetric carrier aggregation is configured so that LTE and LTE-A UEs would experience the same random access procedure [1,2,3]. Note that this configuration requires some mechanism to block UEs from accessing the other non-accessible carriers. Though this solution is clean and simple, it restricts the carrier usage model for UE-specific carrier aggregation, carrier camping, handover procedure, and so on. 
The other approach to resolve the carrier identification can be considered as in the following section under the condition that multiple downlink component carriers are accessible by UEs and linked to the same uplink component carrier.
3 Random Access in LTE-A System
When a UE detects an accessible downlink component carrier, it reads the system information and transmits a RACH preamble on the linked uplink component carrier. At the time of RACH preamble detection, an eNB may identify the corresponding downlink carrier with RACH Msg1 or Msg3. In the following, carrier identification methods with Msg1 and Msg3 are summarized based on the contributions [4,5,6,7,8,9].
3.1 Carrier Identification with Msg1
In case that the preamble set is conditioned on the downlink component carrier ID or frequency, then eNB easily identify the downlink carrier identity by detecting the RACH preamble which is transmitted by a UE. Therefore, the preamble set or PRACH configuration can be different among the downlink carriers linked to the same uplink. The approaches for the different PRACH indication were proposed by several contributions as following:
Option M1A) Different PRACH configuration per downlink component carrier in terms of time/frequency/ root sequence index [4]
This approach wastes uplink physical time/frequency resource or reduces the reuse factor of root sequences proportionally to the number of downlink component carriers.
Option M1B) The same PRACH configuration on multiple downlink component carriers with carrier-specific preamble group[5]
The same PRACH time, frequency and root sequence index are considered. The grouping rule specified for LTE can be reused, where the 64 preambles are devided into preamble group. Each preamble group can denotes one downlink component carrier. With this option, there is no uplink physical resource waste and eNB complexity is the same as for LTE. It is worth noting that the total collision probability can be maintained at the same level with LTE's when preamble grouping is configured.
If the UE capacity per uplink carrier is not significantly different from the legacy system, then it is better to have Option M1B since it causes no resource waste and eNB detection complexity. 
3.2 Carrier Identification with Msg3

Considering the resource waste or legacy UE impact, it is better to keep the same PRACH configuration among multiple downlink component carriers. Instead of restricting PRACH configuration, there are feasible solutions to resolve the carrier identification. Note that the following options are assuming that PRACH configuration is the same and random access responses are transported on all the downlink component carriers.
Option M3A) UE transmits LTE-A specific Msg3 [6]

A UE performing random access transmits Msg3 with LTE-Advanced-specific information such as information on the downlink carrier identification. 

Option M3B) eNB configures different random access response on downlink carriers [7,8]

When generating random access response, an eNB configures different parameters which can distinguish a UE’s downlink carrier ID. The parameters can be temporary C-RNTI or time/frequency position of UL grant. 
Option M3C) eNB configures different uplink DM-RS offset [9]
By configuring uplink DM-RS cyclic shift offset in the downlink system information, eNB can make a UE use different CS value depending on the UE’s downlink carrier ID when Msg3 is transmitted by the UE. Then eNB solely depends on the DM-RS energy detection to determine which downlink carrier is used by the UE
Among these options, if new RACH procedure is not defined for LTE-A UEs, then Option M3B with different temporary C-RNTI is favorable in view of easy to implementation without uplink resource waste. Note that though Option M3C enables lower decoding overhead, the reliability of DM-RS energy detection can be troublesome for cell edge UEs.
4 Comparison of Carrier Identification Methods
The discussed methods have their own implication in terms of the efficiency and complexity. The following table tries to summarize the pros and cons of each solution.
Table 1. Comparison of carrier identification
	
	Pros
	Cons

	Option M0
[one accessible DL carrier]
	* No DL CC ambiguity to solve 
	* Restriction on carrier usage [load balancing]
* Need to find out backward compatible mechanism to block UEs from accessing the other non-accessible carriers.

	Option M1A
	* The same RACH procedure as for LTE
	* Waste of UL  physical RACH resource
* Preamble detection complexity

	Option M1B
	* The same RACH procedure as for LTE
* No waste of RACH ressources
	* 
* Possible unbalanced collision probability per downlink component carrier due to load balancing (note that cell collision probability is same as for LTE when 2 group of preamble are configured)

	Option M3A
	* Possible optimization for LTE-A RACH procedure
	* DL resource waste
* Different RACH procedure for LTE-A
* No backward compatibility with LTE

	Option M3B
	* The same RACH procedure as for LTE
* No UL resource waste (TC-RNTI-based)
	* DL/UL resource waste (grant-based)

* Restriction on TC-RNTI (TC-RNTI-based)
* Blind decoding complexity

	Option M3C
	* The same RACH procedure as for LTE
	* DL resource waste
* Robustness of DM-RS energy detection


5 Conclusion

In this contribution, we described random access procedures supporting asymmetric DL/UL carrier aggregation. Our preference can be summarized as follows:
· RACH MSG 1 or MSG 3 can be used for DL CC identification. MSG 1 is preferable if there is no issue on system deployment and legacy impact. Otherwise, if eNB can afford multiple decoding complexity of Msg3, then MSG 3 with different TC-RNTI is favourable approach due to no physical resource waste on uplink carrier. 
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