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1. Introduction

In LTE-A, deployment scenarios with asymmetric carrier aggregation (e.g. DL:5×20MHz-UL:2×20MHz) is supported.  In case of downlink-heavy aggregation, several downlink component carriers may be associated with one uplink component carrier.  In [1], the issue of initial access procedure was discussed and several options were presented to handle ambiguity in the random access procedure.  Based on our analysis, it is recommended that a dedicated PRACH is used for each associated downlink carrier.  Each dedicated PRACH should be uniquely configured in time or frequency.
2. PRACH for Asymmetric Carrier Aggregation
With symmetric number of aggregated carriers, there is a one-to-one relationship between downlink and uplink carriers.  For backward compatibility, UE will performance 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. The ambiguity in the random access procedure arises from the inability of the eNB to determine which downlink carrier the UE has selected for initial access.  This is because downlink carrier identification information is not conveyed in the preamble transmission.  This ambiguity must be resolved by the eNB so that it can transmit downlink data to the UE in the appropriate downlink carrier.  Several potential solutions were provided [1] –
· Dedicated RACH 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 in time and frequency or (ii) common PRACH but dedicated preamble sets.  With this approach, the eNB can uniquely determine the appropriate downlink carrier based on which PRACH or preamble set the UE has selected.  
· Common RACH shared among all downlink carriers – random access response is 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) are transmitted in all associated downlink carriers, incurring some additional overhead.  Downlink carrier ambiguity will be resolved as part of the random access procedure.
· Restrict the number of downlink carriers for initial access to be the same as the number of available uplink carriers.  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 must perform initial access on a subset of available carriers.
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Figure 1.  RACH for Asymmetric Carrier Aggregation.
3. Initial Access Procedure
With dedicated PRACH for each associated downlink carrier, there should be no change to the current initial access procedure at the UE and response at the eNB.  In addition, the same procedure can be used regardless of carrier aggregation symmetry.
With a common PRACH, changes either to the initial access procedure at the UE or eNB response (e.g. transmission of the RAR and ACK/NACK handling) are required.  To minimize downlink overhead when using a common PRACH, the eNB should be able to identify the downlink carrier selected by the UE as soon as possible.   Thus, in the RAR transmission, a mechanism for the UE to convey its selected downlink carrier needs to be supported.  
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Figure 2.  Random access response transmission by the eNB.
In the random access response shown in Figure 2, information about downlink carrier may be conveyed to the eNB as follows –

· Temporary C-RNTI [3].  The eNB assigns a different Temporary C-RNTI to each downlink carrier and identifies the UE-selected carrier through the scrambling sequence and Temporary C-RNTI used in the uplink. With this method, however, the eNB has to de-scramble and decode the PUSCH multiple times.  In addition, C-RNTI management is required among different downlink carriers.
· UL Grant [4]. The eNB assigns a different UL grant to each downlink carrier and identifies UE-selected carrier through the grant used for the uplink.

· Different cell-specific DMRS cyclic shift value given by the higher-layer parameter cyclicShift.  A unique DMRS cyclic shift value 
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is configured by the eNB for each different associated downlink carrier and used to determine the downlink carrier selected by the UE based on transmission of RACH message 3.  This requires the eNB to perform only simple hypothesis testing of possible values.
· Explicit downlink carrier information in RACH message 3 [3]. RACH message 3 could be revised to explicitly convey information about the selected downlink carrier.

Note that almost all of these options are already supported in the current RAN1 specifications.  However, changes in higher-layer procedure, specifically on how the eNB respond to preamble transmission and contention resolution are needed.  In addition, two different procedures – one for symmetric and one for asymmetric carrier aggregation may be needed.
4. Performance and Overhead Analysis
Several observations may be made regarding common versus dedicated PRACH for asymmetric carrier aggregation – 
1. Uplink PRACH overhead is on average similar between common or dedicated RACH under the same total load.  The collision probability per preamble transmission is given by [2]
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where  is the average number of random access attempts per second and L is the number of random access opportunities (number of preambles times number of PRACH) per second.  The probability of at least one collision per PRACH is then given by
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Using a common RACH, some uplink overhead saving may be possible since random access opportunities must be increased in multiple of 64 preambles.  However, as shown in Table 1, this potential saving is either small or non-existence for the same total random access load and target collision probability.  Therefore, it may be concluded that the PRACH overhead is approximately the same whether the load is supported by one common channel or several dedicated channels.  
Table 1.  Required number of PRACH per second for at most 1% collision.

	PRACH
	Total number of attempts per second

	
	50
	100
	150
	200

	Common
	44
	88
	132
	176

	Dedicated
	2DL:1UL
	44
	88
	132
	176

	
	3DL:1UL
	45
	90
	132
	177

	
	4DL:1UL
	44
	88
	132
	176


2. Lower latency and uplink overhead may be possible with common RACH. With common RACH, UEs are provided with more PRACH opportunities shared across all associated downlink carriers and latency should improve.  The degree of improvement, however, depends on how many PRACH opportunities are configured.  In addition, common RACH may also result in lower uplink overhead in some cases.  For instance, with dedicated PRACH, downlink carrier with little initial access attempts may still require a minimum PRACH period to satisfy latency requirement.  Thus, uplink overhead can be minimized by using a common RACH.
3. Common RACH can better handle load and channel variation. It is clear that a common RACH is more efficient in handling random access load variation both within and across carriers. Collision performance should also good as initial access load balancing is naturally supported through the common resource.  

4. Common RACH incurs only a small downlink overhead.  With common RACH, additional downlink overhead is incurred as eNB must transmit random access response in all downlink carriers. Table 2 summarizes expected load per channel based on a target collision probability per PRACH.  From the table, it is seen that on average there is approximately one attempt per PRACH.  Thus, on average the RAR MAC PDU must carry N-1 extra responses where N is the number of downlink carriers associated with one uplink carrier.  Since each extra RAR costs 48 bits, for example with QPSK modulation and coding rate of 1/6 to ensure cell edge coverage, each requires at least 144 resource elements.  Therefore, each additional RAR can require one or more extra RBs on each of the downlink carrier.  However, this overhead is only incurred when there is a successful initial access attempt.  For instance, with the minimum 2:1 asymmetric aggregation of 20MHz carriers, 2 RBs required per RAR, and 100 random attempts per second, the additional overhead incurred in the downlink is 0.10% of total downlink bandwidth.  With 4:1 asymmetric aggregation of 20MHz carriers, this overhead grows to 0.15%.  Thus, it can be seen that the additional downlink overhead is generally small.
Table 2.  Required number of random access channels per second.

	Target Collision Probability 

(per PRACH)
	100 attempts/second

	
	random access channels
	average channel load

	0.5%
	125
	0.8

	1.0%
	88
	1.1


5. RACH performance may degrade if multiple preamble sets are used. If multiple preamble sets are supported in the same PRACH (e.g. 2×64 preambles using multiple Zadoff-Chu root sequences), detection and false alarm performance can degrade due to the large number of additional non-orthogonal preambles.
Based on the analysis, it is seen that common RACH can improve latency and provide good load balancing while maintaining RACH performance.  In addition, there is only a small increase in downlink overhead with common RACH.  However, common RACH may not provide any saving on the uplink overhead and will introduce unnecessary complication in the random access procedure.  In addition, two different random access procedures, one for symmetric and one for asymmetric carrier aggregation may be required at the eNB.  Given the limited potential saving from using a common RACH, it is recommended that a dedicated PRACH is used for each associated downlink carrier.  To avoid performance degradation, each dedicated PRACH should be uniquely configured in time or frequency rather than configured via multiple preamble sets in the same time-frequency.
5. Conclusion
Based on our analysis, when multiple downlink carriers are associated with one uplink carrier, it is recommended that –

· Dedicated PRACH is used for each associated downlink carrier.  Each dedicated PRACH should be uniquely configured in time or frequency.  
6. References

1. R1-090897, “Initial Access Procedure for Asymmetric Wider Bandwidth in LTE-Advanced,” NTT DoCoMo, RAN1#56, Athens, Greece, February 2009.
2. R2-062160, “RACH Contention and Retry Cases,” NTT DoCoMo, NEC, RAN2#54, Tallinn, Estonia, August 2006.
3. R1-090608, “Initial random access in asymmetric carrier aggregation,” Samsung, RAN1#56, Athens, Greece, February 2009.
4. R1-090284, “RACH Procedure for Asymmetric Carrier Aggregation,” Texas Instruments, RAN1#55bis, Ljubljana, Slovenia, January 2009.




























































































































































































































































_1297492453.unknown

_1297534844.unknown

_1297260963.unknown

