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1 Introduction
In the approved Rel-11 LTE CA enhancements WID [1], the objective includes the following working area to be investigated as one CA enhancement:

· UL and DL physical layer signal.
The impact to the specification includes the UL and DL control channel structure, physical layer procedure. In this contribution, we discuss the uplink signalling enhancement considered for Rel-11. 
2 Discussions
As an enhancement for uplink signaling, the following issues can be considered or reconsidered:
· Support of mode 2 for TDD;

· Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios;

· Capacity enhancement for periodic CSI feedback;

· Support of inter-CC simultaneous transmission of PUCCH/PUSCH/SRS.

2.1 Support of mode 2 for TDD 
In RAN1 #62bis meeting, 4 HARQ-ACK feedback modes for TDD are proposed:

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

In the following RAN1 #63 meeting, Mode 2 was excluded in Rel-10 [1]
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[5]. The main argument is that Mode 2 is considered as an optimization scheme which is not so important for the typical Rel-10 scenario, i.e. up to 2 serving cells being aggregated. 
However in Rel-11, as the introduction of CoMP and more and more serving cells being aggregated, the payload of HARQ-ACK will increase significantly. PUCCH format 3 will become the primary format to carry the increased HARQ-ACK bits. From the previous simulation results, we observed that the link level performance difference between 12 bits and 20 bits payload using PUCCH format 3 is about 2 ~ 3 dB [6]. A significant number of UEs could not satisfy this SINR requirement to transmit 20 bits HARQ-ACK with reliable reception at eNB. Therefore, Mode 2 should be reconsidered by taking both the uplink coverage and downlink throughput into account.
While cross-carrier bundling is excluded in Rel-10, a means of time domain bundling may be considered to reduce the HARQ-ACK payload if mode 2 is introduced in Rel-11. Regarding the impact to specification, one RRC signalling should be added to configure the UE whether to used Mode 1 or Mode 2 to feedback the HARQ-ACK on PUCCH format 3. 
2.2 Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios
In Rel-10, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH and the UE is configured with more than one serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped. That means, in order not to drop the CSI, time division multiplexing of the periodic CSI and HARQ-ACK for more than one serving cell is needed, which will bring some scheduling restrictions at the eNB. At the same time, it may also affect the efficiency of carrier aggregation or degrade the accuracy of the CSI. 
In RAN1 #66 meeting, enhancements for handling the collision of CSI + CA HARQ-ACK are proposed in many contributions [12 - 15]. It is suggested in [13] that “RAN1 first evaluate the system performance impact of periodic CSI dropping with carrier aggregation and agree on the extent of the problem, before we begin discussing detailed solutions”. We think this is a good starting point. 
We first evaluate the probability of a UE needs to feedback HARQ-ACK when CA configured. We assume an independent and identical HARQ-ACK feedback distribution for each carrier. Then, the probability of CSI dropping for a UE is the same as the probability of that UE needs to feedback HARQ-ACK for more than one carrier. The CDF of the probability of UE feedback HARQ-ACK for more than one carrier is shown in Figure-1. Simulation assumptions are listed in Appendix-1. From Figure-1, we observe that the average probability of a UE needs to feedback CA HARQ-ACK is roughly about 50%. Note that the evaluation of probably of UE HARQ-ACK feedback is based on the full buffer traffic model. In reality, it may have even higher CA HARQ-ACK report probability under non-full buffer traffic as each cell tends to have small number of active UEs in each subframe.  For active UEs with continuous traffic, they are most likely scheduled in every subframe in a continuous time range. Then the CSI dropping rate can be very high for those UEs.
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Figure -1 CDF of the probability of UE feedback HARQ-ACK for more than one carrier 
We then evaluate the system level performance with different CSI dropping rate, which are presented in Table-1 and Table-2 for CSI report period with 5 ms and 10 ms respectively. Simulation assumptions are listed in Appendix-2. Note that the CSI dropping rate is defined as the number of dropped CSI reports divided by the number of total CSI reports.
Table-1: Spectral efficiency (bps/Hz) with different CSI dropping rate, 5 ms CSI report period
	5 ms CSI period
	no drop
	10%
	30%
	50%
	70%

	Cell average
	1.869
	1.8587
	1.8374
	1.8119
	1.7916

	Loss
	
	0.6%
	1.7%
	3.1%
	4.1%

	Cell edge
	0.0718
	0.0701
	0.0689
	0.0647
	0.06235

	Loss
	
	2.4%
	4.0%
	9.9%
	13.2%


Table-2: Spectral efficiency (bps/Hz) with different CSI dropping rate, 10 ms CSI report period
	10 ms CSI period
	no drop
	10%
	30%
	50%
	70%

	Cell average
	1.8233
	1.8112
	1.7856
	1.7641
	1.7439

	Loss
	
	0.7%
	2.1%
	3.2%
	4.4%

	Cell edge
	0.067
	0.0663
	0.0636
	0.0611
	0.0058

	Loss
	
	1.0%
	5.1%
	8.8%
	13.0%


A noticeable performance loss in cell edge is observed and the loss may be up to 13% when the dropping rate is 70% for the 5 ms CSI report period case. For the 50% CSI dropping rate, then the performance loss is about 10% on cell edge. Similarly, for the case of 10 ms CSI report period, the performance loss is also about 9% for the 50% CSI dropping rate. 
Based on our simulation results, when both CSI dropping rate and the performance loss caused by CSI dropping considered, we think the system performance impact of periodic CSI dropping with carrier aggregation is significant and RAN1 should reconsider the handling of CSI and CA HARQ-ACK in Rel-11.
2.3 Capacity enhancement for periodic CSI feedback
In Rel-10, periodic CSI feedback is transmitted on PUCCH in the same way as Rel-8/9. In Rel-8/9, the maximum payload of PUCCH format 2 is 11 bits CSI report. Although 8Tx DL MIMO was introduced in Rel-10, the maximum payload size of CSI report maintains the same as Rel-8/9 by defining new CSI reporting type. At the same time, it was agreed in RAN1 #61bis that For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported  and in RAN1 #63, it was confirmed that CQI/PMI/RI is reported for only one DL component carrier in one subframe. Since the number of component carrier being aggregated is not so large, such configuration at eNB may not be too complex in Rel-10. 
However, if the number of component carrier being aggregated increases in the future release, and if CoMP is combined with carrier aggregation, the resource may not be enough for CSI TDM.  We have to make the CSI report periodicity longer in order to accommodate all CSI reports in TDM fashion, e.g. 2 CoMP cells and 5 CCs, the minimum period is 10ms. 
We also evaluate the system performance with different CSI periodicity as shown in Table-3. We can see 6.7% degradation on cell edge of 10 ms CSI report periodicity comparing with 5 ms.  For TDD, since the number of uplink subframe is much less than FDD in most TDD configurations, the CSI periodicity needs to be even longer, e.g.  20 ms or 40 ms.  From Table-3, the performance degradation may be 16.7% and 20.9% on cell edge for 20ms and 40ms comparing with 5ms respectively. Simulation assumptions are listed in Appendix-2.
Table-3: Spectral efficiency (bps/Hz) with different CSI periodicity

	
	5 ms
	10 ms
	20 ms
	40 ms

	Cell average
	1.869
	1.8233
	1.7408
	1.7119

	Loss
	
	2.4%
	6.9%
	8.4%

	Cell edge
	0.0718
	0.067
	0.0598
	0.0568

	Loss
	
	6.7%
	16.7%
	20.9%


From the analysis and simulation results above, we suggest that simultaneous transmission of multiple CSI reports should also be supported as an enhancement for uplink signalling in Rel-11. 
2.4 Support of inter-CC simultaneous transmission of PUCCH/ PUSCH/SRS.

In Rel-10, simultaneous transmission of PUCCH/PUSCH/SRS in different CC is not supported; i.e., rate matching for PUSCH or shortened PUCCH format is used in case SRS is transmitted on the last symbol of a subframe. The main reason behind as we believe is the CM issue and the transmit power imbalance for the last symbol. These issues only occur for the case when different CCs share the same PA. In Rel-10, intra-band continuous carrier aggregation is the main application scenario; therefore, shared PA is used for carrier aggregation. 
However, in Rel-11, inter-band carrier aggregation may also be considered. In this case, shared PA used for different inter-band carriers may be impossible because one PA per CC is likely needed for inter-band carrier aggregation. Therefore, the issues related to CM and transmit power imbalance no longer exists. Then, the simultaneous transmission of PUCCH/PUSCH/SRS in case of inter-band carrier aggregation should be reconsidered.
3 Conclusion
In this contribution, we discuss some possible enhancements for uplink control signalling and some preliminary simulation results are presented. In summary, we propose to consider the following in Rel-11.
· Support of mode 2 for TDD;

· Support of simultaneous transmission of periodic CSI and HARQ-ACK in CA scenarios;

· Capacity enhancement for periodic CSI feedback;
· Support of inter-CC simultaneous transmission of PUCCH/PUSCH/SRS.
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Appendix-1: 

	Parameter
	Assumption

	Carrier aggregation configuration
	4CC

	Carrier frequency
	2.0GHz

	Operating bandwidth
	5 MHz 

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB 

Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Traffic Model
	Full buffer

	UE number per Cell
	10

	UE speed
	30 km/h

	Channel model
	3GPP Case 1 with 500m ISD

	Simulation time
	2s


Appendix-2 
	Parameters
	Assumptions

	Simulated TTI per Drop
	6000

	Carrier aggregation configuration
	1 CC

	Carrier frequency
	2.0GHz

	Operating bandwidth
	10 MHz

	UE Speed
	30km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB
Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Link adaptation
	With rank adaptation, AMC, 8 HARQ process with maximum 4 re-transmissions

	Delay for scheduling and AMC
	7ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR
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