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1. Introduction
RAN1, RAN2 and RAN4 have been discussing on the need for operation with multiple TA (Timing Advance) per UE for CA (Carrier Aggregation) in LTE-Advanced (i.e. the use of different TA among different UL carriers aggregated for a UE) for several meetings [1-9].
Preferences to support the multiple TA operation for CA in Rel-10 have been expressed [8].

On the other hand, concerns were also raised with the potential complexities that may be introduced to standardization and implementation, and so the need to support the multiple TA operation in Rel-10 has been questioned [9]. Specifically, these companies questioned whether the CA deployment scenarios requiring the multiple TA operation were typical.

From discussion during RAN2#69, no conclusions could be reached on the support of the multiple TA operation in Rel-10. Instead, RAN2 concluded that the need for supporting CA in Rel-10 for the two deployment scenarios identified to require the multiple TA operation should be discussed in RAN plenary. Specifically, the scenarios to be discussed are the following:

· Aggregation of UL carriers belonging to a normal eNB cell and an RRH cell of the same eNB
· Aggregation of UL carriers in presence of frequency selected repeaters

This contribution, as per the RAN2 conclusion, addresses the need to support the above two CA scenarios.

2. Discussion
CA in presence of Remote Radio Heads
RRH has proven to be a cost efficient and flexible deployment option to improve operators’ access network quality. RRH deployment improves both capacity (e.g. in urban areas) and coverage (e.g. in rural areas), and many operators are now heavily deploying RRH throughout their networks. There is no doubt that RRH would play an important role for operators even in the LTE-A era.

Normally, existing operator networks are deployed in a fashion in which the basic coverage is provided on a certain carrier/band using macro cells. RRH can be utilized to extend coverage / eliminate coverage holes on the same carrier/band. Additionally, RRH can also be deployed on additional carrier/band to enhance capacity/throughput without having to provide overlaid macro cell coverage in the additional carrier/band. Such deployment choice provides a flexible and cost efficient solution for operators to improve capacity and throughput in specific areas of interest (e.g. hot spots) and is already being put to practice. Considering that an operator may choose to focus CA deployment in hot spot areas, CA under this scenario is indispensable.
Therefore, the co-sourcing operators believe support of CA in presence of RRH from Rel-10 to be essential in order to facilitate quick penetration and success of CA and LTE-A.
Proposal 1: CA deployment scenario with RRH should be considered for Rel-10.

CA in presence of frequency selective repeaters
Asian operators have deployed many repeaters in their existing 2G/3G networks. Repeaters are a convenient deployment option to improve coverage for operators in a cost and time efficient manner. Furthermore, repeaters are not only deployed in rural areas, but also in urban areas to improve coverage e.g. in indoors.
Deployed repeaters typically only amplify carriers of a particular band, and therefore are “frequency selective”. Replacing these existing repeaters by new repeaters which amplify all bands licensed for the operator is impractical in terms of cost and feasibility. Furthermore, as existing repeaters and their donor eNBs are not always tracked in network operations, trying to avoid UL carrier aggregation where such frequency selective repeaters are deployed is also impractical.

Therefore, the co-sourcing operators believe support of CA in presence of frequency selective repeaters from Rel-10 also to be essential in order to facilitate quick penetration and success of CA and LTE-A.
Proposal 2: CA deployment scenario with frequency selective repeaters should be considered for Rel-10.

Multiple TA operation
As already indicated by RAN4 [3], the multiple TA operation is essential in order for a full fledged CA operation in presence of RRH and/or frequency selective repeaters. Although studies in RAN1 and RAN2 [5, 7, 8] have shown that there would be some additional complexities in order to support the multiple TA operation, they seem to be on a tolerable level.

Proposal 3: Multiple TA operation should be supported in Rel-10.

3. Proposals
The co-sourcing operators of this contribution propose:
Proposal 1: CA deployment scenario with RRH should be considered for Rel-10.

Proposal 2: CA deployment scenario with frequency selective repeaters should be considered for Rel-10.

Furthermore, the co-sourcing companies of this contribution propose:

Proposal 3: Multiple TA operation should be supported in Rel-10.
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Annex

A.1
CA deployment scenarios captured in the Stage 2 CR [10]
RAN2 has agreed on a CR to TS 36.300 which captures the current status with respect to CA [10]. In this CR, four deployment scenarios for CA are captured. So far, RAN2 has decided to support CA under Scenarios #1, #2 and #3 in Rel-10. Support for CA under Scenarios #4 have not been agreed upon yet.
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image1.emf]F1 F2



	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image3.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image4.emf]


Brief explanation of the scenarios are provided below together with their status with respect to the need of the multiple TA operation is summarized below.

Scenario #1

eNB antennas are collocated and have the same beam directions for the component carriers. Furthermore, coverage for the component carriers are the same. This would be a typical CA deployment scenario with component carriers of the same band (or of different bands but without much frequency separation).

RAN4 has indicated that the multiple TA operation will not be indicated for this scenario [3].

Scenario #2

eNB antennas are collocated and have the same beam directions for the component carriers. However, coverage of a component carrier is smaller than that of another due to different path loss characteristics. This would be a typical CA deployment scenario with component carriers of different bands (and with large frequency separation).

RAN2 is asking RAN4 to check if the multiple TA operation will not be required for this scenario [6].

Scenario #3

eNB antennas are collocated but have different beam directions for the component carriers. The beam directions may be different due to different sectorization (e.g. 3 sector carrier and 6 sector carrier), or intentionally configured with different beam directions so as to improve throughput at sector boundaries. This scenario will be most probable for inter-band component carriers.

RAN2 is asking RAN4 to check if the multiple TA operation will not be required for this scenario [6].

Scenario #4

CA is performed across a component carrier of a normal eNB cell and a component carrier of an RRH cell of the same eNB.

RAN4 has indicated that the multiple TA operation will be required for this scenario [3].
A.2
Complexity of the multiple TA operation
L1 complexity

RAN1 has indicated in their LS [2] that supporting different TAs for different bands will not have any impact to UE implementations.

L2/3 complexity

RAN2 has performed an email discussion coming to RAN2#69 [4], and the identified additional complexities due to support of multiple TA were as follows:

· Multiple timeAlignmentTimer maintenance at UE/eNB

· UL CC grouping needs to be defined for multiple TA operation

· A mechanism for the UE to determine to which UL CC group a TA command applies to needs to be defined

· UE behaviour related to the status of timeAlignmentTimer will be per UL CC group

· May have additional implications to the condition of RLF

· Possibly support of parallel RACH (however, many companies expressed this should not be the baseline)
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