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1. Introduction

In LTE-A, deployment scenarios with symmetric as well as with asymmetric carrier aggregation (e.g. DL:5×20MHz-UL:2×20MHz) are supported.  In the case of asymmetric downlink-heavy aggregation, several downlink component carriers may be associated with one uplink component carrier.  In this case different options for performing Random Access Procedure can be identified in order to handle the ambiguity in the random access procedure. The ambiguity comes from the fact that when there are multiple mapping options between UL and DL then the eNodeB may not know which DL component carrier the UE has selected for performing the Random Access. Based on discussion in this paper, it is recommended that a dedicated PRACH region is uniquely configured for each associated DL carrier. 
2. Random Access and Carrier Aggregation
With symmetric number of aggregated carriers, there is a one-to-one relationship between downlink and uplink carriers.  For backward compatibility reasons, the UE can perform random access on the uplink carrier associated with downlink carrier as specified in Rel-8. 

With asymmetric downlink-heavy carrier aggregation, several downlink component carriers may be associated with one uplink component carrier. In this scenario it may not be possible for the eNodeB to determine which downlink carrier the UE has selected for performing the access without some modifications to the existing Random Access procedure.  This is because downlink carrier identification information is currently not conveyed in the preamble transmission or in the selection of the specific PRACH region by the UE.  This ambiguity must be resolved by the eNB so that it can transmit Random Access Response to the UE in the appropriate downlink carrier. With respect to this several potential options exist:
· Option 1: Dedicated PRACH for each downlink carrier.  This is conceptually illustrated in Figure 1 (i) and (ii) where each downlink carrier is associated with either (i) dedicated PRACH region in time and frequency or (ii) common PRACH time/frequency region but a different dedicated preamble set.  With this approach, the eNB can uniquely determine the appropriate downlink carrier based on which PRACH region (i) or preamble set (ii) the UE has selected.  The corresponding RAR would then be sent on the associated DL carrier. The main advantage of Dedicated PRACH option (i) is that the existing R8/R9 RACH procedure can be reused, which is not entirely true for option (ii) where the preamble partitioning would need to be indicated by modifying the content of the system  broadcast channel..
· Option 2: Common PRACH shared among all downlink carriers where the Random Access Response would be transmitted in all downlink carriers. This is conceptually illustrated in Figure 1 (iii). In this case, the eNB response (RAR, ACK/NACK, and contention resolutions) would be transmitted in all associated downlink carriers, thus incurring additional overhead which may be too large in the case of high RACH loads.  Downlink carrier ambiguity will then have to be resolved as a part of the random access procedure that follows the preamble transmission. This means that changes to the current R8 Random Access Procedure [1] would be required. The eNodeB can, for example, assign multiple grants to the UE on each of the DL carriers in order to resolve the ambiguity as to which DL carrier the UE has selected.  However there are some advantages of Common PRACH in terms of lower PRACH UL overhead and better handling of variation in the UL RACH load. 
· Option 3: Dedicated PRACH assigned only to a subset of downlink carriers. The size of this subset would be equal to the number of available uplink carriers.  In this case there is no ambiguity but this may render some downlink carriers Rel-8 incompatible. In addition, load balancing may become as issue as all UEs would be required to perform RACH access on a subset of available DL carriers, i.e. only the subset of DL carriers would be carrying the load of random access procedure.
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Figure 1.  PRACH and Carrier Aggregation
Looking at the above mentioned options, it can be observed that the Common PRACH can better utilize UL resources as there would be a multiplexing gain of Random Access requests coming from users attempting to access different DL carriers, meaning that the UL overhead associated with Common PRACH channel would be smaller.  But on the other side the Common PRACH would have to incur additional overhead as the RAR and CR messages would have to be broadcasted in all DL component carriers. Also there would be a need to introduce new functionality in the RACH procedure itself.

Given the limited potential saving from using a common RACH and additional functionality that would be needed for its support, it is recommended that a dedicated PRACH is used for each associated downlink carrier where each dedicated PRACH should be uniquely configured in time or frequency rather than configured via multiple preamble sets in the same time-frequency.
3. Conclusion
Based on discussion in this paper we are proposing that:
· Proposal: Dedicated PRACH time frequency region is configured for each downlink component carrier, i.e.  there is 1-1 mapping between the DL component carrier and the configured PRACH time-frequency region 
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