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1 Introduction

Work item on carrier aggregation enhancement for Rel.11 has been established [1]. This contribution discusses potential topics in RAN1 for carrier aggregation enhancement. 

Note that multiple TA and TDD different DL/UL configurations are further elaborated in separate documents [2] and [3] respectively.  

2 Discussion
2.1 Multiple TA
This topic is under discussion in RAN2. RAN2 currently work on a solution based on RACH on SCell. On the other hand, RAN2 sent related LS [4] to RAN1 and RAN4 which asks about TA calculation based solution. 

Our view is that network based calculation of TA on SCell works with less impact on the specification and complexity compared to RACH based solution as elaborated in [2]. It also supports future extension scenario of CoMP.
2.2 Signalling enhancement
2.2.1 Uplink signalling 

Signalling enhancement for CSI feedback is necessary to efficiently support multiple CSI feedback for carrier aggregation, CoMP and TDM ICIC. Especially we would like to emphasize the importance of the combination of them. Possible enhancement would be as follows.
· Periodic CSI reporting 
In Rel.10, it is possible to configure the reporting periodicity per component carrier. However, only one CSI reporting is allowed in a subframe, i.e. drop CSI reporting based on priority when collided. In the combination of CA, CoMP and/or TDM ICIC, it may be difficult to avoid the collision. In addition, any CSI report can be dropped if it collides with A/N, particularly multiple A/N such as in CA for TDD. Therefore, potential enhancement would be to allow multiple periodic CSI reporting in one subframe on one uplink CC. In order to support multiple CSI reporting for various purposes, e.g. CA, CoMP and TDM ICIC, it is preferable to define a common container for these purposes. 
The actual contents of the CSI (e.g. for CA, CoMP, TDM ICIC) should be discussed in the respective WI/SI. Physical channel structure of the common container and transmission method should be discussed in study item on uplink enhancement. We propose to discuss periodic PUSCH with reusing SPS mechanism in uplink enhancement. 

· Aperiodic CSI reporting 
In Rel.10, eNB can trigger CSI reporting for multiple CCs by one PDCCH (UL grant). RRC configures sets of target CCs for the CSI reporting and CSI-request field in UL grant indicates the CC set to be reported. In Rel.10, 2-bits are available for the CSI request with the definition in table below. All combinations for 2 CCs can be indicated by the 2-bit field. However, it is required to support multiple CSI reporting for various purposes, e.g. CA, CoMP and TDM ICIC. Therefore, we propose to define a common container and triggering mechanism for aperiodic CSI. 
Table. 1 Value of CSI request field in Rel 10

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


Proposal: On CSI enhancement, we propose following:

- For periodic CSI, in order to support multiple CSI reporting for various purposes, multiple periodic CSI reporting in one subframe on one uplink CC should be specified. This can be discussed within uplink enhancement SI.
- For both periodic and aperiodic CSI reporting, in order to support multiple CSI reporting for various purposes, a common container should be specified. For aperiodic CSI, the common triggering mechanism should be specified. These can be discussed within uplink enhancement SI.
- The actual contents of the CSI (e.g. for CA, CoMP, TDM ICIC) should be discussed in the respective WI/SI. We don't identified specific topic on contents of the CSI for only CA enhancement WI. 
Other than CSI enhancement, simultaneous SRS and PUSCH/PUCCH transmission in inter-CC case is required to be supported because of multiple uplink TA. 
In Rel.10, SRS is dropped if PUSCH is transmitted in the same symbol on different CC from a UE. This would imply the baseline operation is to align cell-specific SRS subframe among CCs. On the other hand, it is  not be possible to align UE-specific SRS subframe among CCs in different transmission timing as shown in Figure 1.Therefore, RAN1 needs to support simultaneous SRS and PUSCH transmission. 
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Figure 1 SRS and PUSCH in case of multiple TA

Proposal: Simultaneous SRS and PUSCH/PUCCH needs to be discussed for multiple TA case in CA enhancement WI.
2.2.2 Downlink signalling 

E-PDCCH which has been discussed in DL MIMO enhancement should be also used for signalling enhancement for carrier aggregation. As a carrier aggregation purpose, E-PDCCH can be used for DCI transmission on extension carrier. 
Other enhancements, e.g. false alarm reduction, if necessary, should be taken into account on E-PDCCH design. 

Proposal: E-PDCCH is useful but can be discussed in DL MIMO enhancement SI.

2.3 Additional carrier types

In Rel.10, extension carrier and segment as non-backward compatible carrier were extensively discussed e.g. [5]. The merits discussed in Rel.10 are as follows. 

· An efficient CA-based HetNet
· Overhead reduction (PDCCH region, CRS) 

· Efficient operation with narrowband carrier, e.g. less than 10MHz 

· Utilize small frequency portion, e.g. band edges 

In Rel.11 or later, typical operation would be based on CSI-RS and DMRS. Also, assuming an efficient DMRS-based E-PDCCH is to be introduced, extension carrier without CRS nor PDCCH region would make more sense. 

In a HetNet scenario, inter-cell interference caused by macro CRS can be removed by extension carrier. Furthermore, extension carrier without CRS is suitable for CoMP. 
For measurement and synchronization, CSI-RS can be utilized. Because detection of extension carrier is required only after RRC connected, information on CSI-RS can be provided on backward compatible carrier. 
2.4 Enhancement for CA based HetNet

In Rel.10, SCell synchronization issue was discussed as a potential problem for CA-based HetNet [6]. The discussion was whether or not to introduce additional mechanism to obtain SCell synchronization (CP-length, time/frequency synchronization) in cell range expansion area. The conclusion of RAN1 is as follows.  

· Rel-10 CA-based HetNet with cross-carrier scheduling works with moderate CRE biases (up to at least 6dB)

· Operation with larger biases should be studied in Rel-11 in the context of the CA WI.
In RAN#52, it was confirmed that operation of CA-based HetNet with cross-carrier scheduling for larger CRE biases can be studied with the current CA enhancements WID. At first, RAN1 needs the conclusion on the gain of larger CRE bias which would be discussed in non-CA based ICIC WI.
In [7], it is mentioned that CP length detection not relying on SCH is possible depending on implementation. It is also mentioned that it is reasonable UE assumes the same CP length as PCell. It is pointed out that timing synchronization of SCell in large CRE bias especially for TDD may be an issue in case of inter-band CA with repeater or RRH for Rel.11. 
In [8], it is mentioned CRS based measurement (CQI and RSRP/RSRQ) in large CRE bias may be a problem and possibility of studying other mechanism, e.g. CSI-RS based measurement, in Rel.11. 
Synchronization issue lies also on extension carrier with multiple TA. Therefore, if necessary, a common solution would be preferable. 
3 Conclusion 
In this contribution, we discussed potential topics in RAN1 for carrier aggregation enhancement in Rel.11. Our view on the topics is as follows. 
· Multiple TA
· TA calculation based method should be adopted. 
· Signalling enhancement 
· In order to support multiple CSI reporting for various purposes such as CA, CoMP, TDM ICIC, common container for these purposes should be defined for periodic and aperiodic CSI reporting. 

· E-PDCCH discussed under DL MIMO enhancement should be defined. Further enhancement should be done based on E-PDCCH, if necessary. 

· Additional carrier types

· Extension carrier (no PDCCH region, no CRS, no PBCH) should be defined for an efficient operation with DMRS/CSI-RS e.g. HetNet, CoMP. 
· Enhancement for CA based HetNet

· A common solution for synchronization issue for CA based HetNet, multiple TA and extension carrier should be studied. 
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