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1 Introduction

Carrier aggregation enhancement has been discussed for Rel. 11[1]. A potential enhancement topic is uplink signalling especially for CSI feedback because multiple CSI reporting is required not only for carrier aggregation but also for CoMP, MIMO and/or TDM ICIC. This contribution discusses potential enhancements for uplink signalling and provides the trade-off analysis. Note that in agenda item 7.5.2, CSI feedback for CoMP and MIMO are jointly discussed. This document does not discuss the contents of CSI feedback but rather discuss how to transmit CSI feedback.
We also discuss the aspect relating simultaneous SRS and PUSCH/PUCCH transmission.
2 Discussion 

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 enhancements would be as follows.
2.1 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, MIMO 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, MIMO 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, MIMO, TDM ICIC) should be discussed in the respective WI/SI. Physical channel structure of the common container and transmission method should be discussed in CA enhancement. We propose to discuss periodic PUSCH with reusing SPS mechanism rather than introducing new PUCCH format. 
Trade-off analysis: 

· Applicable scenarios 

· The enhancement of uplink signalling is applicable to carrier aggregation, CoMP, MIMO, TDM-eICIC and their combinations. 

· Potential benefits and drawbacks
Benefit 
 - Possible to avoid dropping of periodic CSI feedback due to the collision of multiple periodic CSI reporting. 
 - Possible to convey large CSI feedback information for periodic CSI reporting which would be necessary for CoMP. 
Drawback 
 - May need to define a triggering mechanism for periodic PUSCH. 
· Specification / workload impact analysis on RAN1,2,3,4
- Impact on RAN1 for defining multiplexing of multiple CSI information and triggering mechanism for periodic PUSCH. 
- May impact on RAN2 for defining a triggering mechanism for periodic PUSCH. 
- No impact on RAN3
- No impact on RAN4 if  performance requirement of PUSCH is  reused. 

2.2 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, MIMO 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


Trade-off analysis: 

· Applicable scenarios: 
The enhancement of uplink signalling is applicable to carrier aggregation, CoMP, TDM-eICIC and their combinations. 

· Potential benefits and drawbacks:
Benefit 
 - Possible to convey multiple CSI feedbacks for difference purposes with a unified container. 
Drawback 
 - May need to extend the triggering mechanism for aperiodic CSI. 

· Specification / workload impact analysis on RAN1,2,3,4:
- Impact on RAN1 for defining multiplexing of multiple CSI information and triggering mechanism for periodic PUSCH.. 
- No impact on RAN2
- No impact on RAN3
- No impact on RAN4 

2.3 Simultaneous SRS and PUSCH/PUCCH transmission
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

Trade-off analysis: 

· Applicable scenarios: 
It is applicable to multiple TA operation. 
· Potential benefits and drawbacks:
Benefit 
 - Possible to avoid the situation PUSCH and SRS allocation is too restrictive. 
Drawback 
 - need to specify power control behaviour for SRS and PUSCH collision. 
· Specification / workload impact analysis on RAN1,2,3,4:
- Impact on RAN1 for specifying power control behaviour for SRS and PUSCH/PUCCH simultaneous transmission. 
- No impact on RAN2
- No impact on RAN3
- Impact on RAN4 for defining RF requirement for SRS and PUSCH/PUCCH simultaneous transmission. 
3 Conclusion 
In this contribution, we discussed potential topics for uplink signalling aspect in carrier aggregation enhancement in Rel.11. Trade-off analysis are also provided. We propose the following 

· In order to support multiple periodic CSI reporting for various purposes such as CA, CoMP, MIMO, TDM ICIC, common container should be defined. We prefer periodic PUSCH rather than new PUCCH format. 

· In order to support multiple aperiodic CSI reporting for various purposes such as CA, CoMP, MIMO, TDM ICIC, common container and common triggering method should be defined. 
· For multiple TA, simultaneous PUSCH and SRS transmission should be supported. 
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