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1. Introduction
In the last RAN1 #61 meeting, it has been agreed that UCI cannot be carried on more than one PUSCH in a given subframe [1]. In this document, we discuss the remaining details on the configuration of UCI transmission and the selection of UCI CC for carrier aggregation.
2. Configuration of UCI transmission
In Rel-10, two transmission methods could be used to transmit UCI when UL-SCH data and UCI are transmitted together.
· Rel-8 transmission: UCI is transmitted on the scheduled PUSCH resource and multiplexed with UL-SCH data.
· Simultaneous transmission: UCI is transmitted in PUCCH, and PUCCH and PUSCH are simultaneously transmitted. 
Basically, eNB could configure to use one of approaches and it is applied regardless of which CCs are scheduled. For example, in case of Rel-8 transmission, UCI should be transmitted on any scheduled PUSCH resource even if it is not UL PCC. Although this approach is simple, there are some aspects to be considered.  

· PUCCH resource could be wasted if UCI is transmitted over PUSCH resource. In Rel-8, PUCCH resource is linked to CCE index for dynamic scheduling and semi-statically configured for semi-persistent scheduling. In Rel-10, although a number of approaches have been proposed, it would be difficult to configure PUCCH resource fully dynamically no matter whether or not UL-SCH data is transmitted due to the limitations of physical signaling. The waste of PUCCH resource could become more significant and non-negligible when the number of DL CCs to be supported is increased.  
· Large MPR would be required when PUSCH and PUCCH are simultaneously transmitted within one carrier or from one PA. If PUCCH and PUSCH are simultaneously transmitted in different carriers or from different PAs, the large MPR would not be required. Therefore, in some cases where UE transmission can meet the radio requirement, simultaneous PUSCH and PUCCH transmission can be used.  
To increase PUCCH resource utilization and avoid the large MPR, Rel-8 transmission and simultaneous transmission can be combined. For example, UCI is transmitted on PUSCH resource if a certain UL CC is scheduled; otherwise, UCI is transmitted on PUCCH resource [2]. 

However, in RAN plenary #48, it has been agreed that RAN4 will de-prioritize the discontinuous PUCCH/PUSCH and PUSCH/PUSCH allocation and it is FFS about introducing UE capability signalling for discontinuous allocation [2].  Since there is a possibility that the discontinuous allocation is defined as optional, it is necessary to support the configuration using Rel-8 transmission only. On top of that, the combination of Rel-8 approach and simultaneous transmission can be further discussed as a part of the support of simultaneous transmission.
Proposal 1: The baseline configuration is that UCI is transmitted on a scheduled PUSCH resource regardless of which CCs are scheduled.
3. Selection of UCI CC
Since it has been agreed to transmit UCI on one UL CC (UCI CC), the remaining issue would be which UL CC is selected for UCI transmission when multiple UL CCs are simultaneously scheduled. There are some aspects related to this issue.
· If UE can select UCI CC flexibly without eNB configuration, the eNB should perform blind detection to find the transmitted UCI when multiple PUSCHs are scheduled. However, it should not be preferred because it would affect the reliability of ACK/NACK or RI reception. In addition, it would be impossible to detect the existence of CQI/PMI when CRC is not inserted in case of a small payload. Proposal 2: The eNB and UE should know exactly which UL CC is used as UCI CC for a given UCI transmission.

· It might be simple to configure one UL CC for UCI transmission. For example, UL PCC is selected as UCI CC. However, UL PCC may not be always scheduled due to the channel situation or loading situation in a PCC. In order to select UCI CC regardless of which UL CCs are scheduled, there are two approaches. One is to configure the order of UL CCs for UCI CC. The UE would select the highest ranked UL CC among scheduled UL CCs. The second approach is to apply a rule for selecting UCI CC. As a simple rule, the UL CC having the lowest carrier index can be selected among scheduled UL CCs.  Proposal 3: Either the order of UL CCs or a rule for the selection of the UCI CC should be supported instead of semi-statically configuring a certain UL CC as UCI CC. 

· The puncturing loss may be more severe compared to Rel-8. The UCI size will be increased in Rel-10 to support carrier aggregation. For example, the maximum number of HARQ ACK/NACK is decided as 10bits. If DTX is explicitly indicated, it will be 12 bits. Table 1 shows the number of coded symbols when the transmission of 10 A/N bits is assumed. The values in red are the cases when the number of coded symbols is higher than
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. In these cases, the impact due to the puncturing loss would be non-negligible. Although the puncturing loss degrades the performance of UL-SCH transmission, it could be recovered with an HARQ retransmission. However, an increased number of retransmissions would not be desirable for delay-sensitive traffic e.g. VoIP, SRB, MAC CE. Therefore, it would be preferable that UCI is transmitted on a CC which does not transmit these UL-SCH data. Proposal 4: The puncturing loss due to a large number of UCI bits should be investigated. If this puncturing loss is severe, we should consider transmitting UCI on a CC which does not transmit UL-SCH data sensitive to the puncturing loss. 
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	0
	360
	515
	540
	515
	2880
	2058
	1440
	1029

	1
	300
	360
	386
	343
	2400
	1440
	1029
	686

	2
	258
	300
	258
	288
	2058
	1200
	686
	576

	3
	225
	225
	216
	249
	1800
	900
	576
	497

	4
	180
	200
	187
	206
	1440
	800
	497
	412

	5
	150
	172
	175
	164
	1200
	686
	465
	328

	6
	41
	144
	155
	139
	328
	576
	412
	277

	7
	113
	117
	123
	117
	900
	465
	328
	233

	8
	100
	103
	104
	103
	800
	412
	277
	206

	9
	90
	90
	90
	90
	720
	360
	240
	180

	10
	86
	82
	82
	82
	686
	328
	219
	164

	10
	86
	82
	82
	82
	686
	328
	219
	164

	11
	72
	72
	72
	72
	576
	288
	190
	144

	12
	63
	63
	62
	63
	497
	249
	164
	125

	13
	59
	57
	57
	57
	465
	225
	150
	113

	14
	52
	50
	50
	50
	412
	200
	134
	100

	15
	48
	47
	47
	47
	379
	185
	125
	93

	16
	41
	44
	44
	44
	328
	176
	117
	88

	17
	40
	40
	40
	40
	320
	160
	106
	80

	18
	36
	36
	37
	37
	288
	144
	98
	74

	19
	34
	34
	33
	33
	267
	134
	88
	66

	19
	34
	34
	33
	33
	267
	134
	88
	66

	20
	32
	32
	31
	31
	249
	125
	82
	62

	21
	29
	29
	29
	29
	225
	113
	77
	58

	22
	27
	27
	27
	27
	212
	106
	71
	53

	23
	25
	25
	25
	25
	200
	100
	66
	50

	24
	24
	24
	24
	24
	190
	95
	64
	48

	25
	23
	23
	23
	23
	180
	90
	62
	45

	26
	20
	20
	20
	20
	157
	77
	52
	39


Table 1 : The number of coded symbols for 10 A/N bits
4. Conclusion

In this document, we discussed possible issues when supporting UCI transmission on PUSCH resource. Based on Section 2 and Section 3, the following are recommended. 
· Proposal 1: The baseline configuration is that UCI is transmitted on a scheduled PUSCH resource regardless of which CCs are scheduled.
· Proposal 2: The eNB and UE should know exactly which UL CC is used as UCI CC for a given UCI transmission.
· Proposal 3: Either the order of UL CCs or a rule for the selection of the UCI CC should be supported instead of semi-statically configuring a certain UL CC as UCI CC.
· Proposal 4: The puncturing loss due to a large number of UCI bits should be investigated. If this puncturing loss is severe, we should consider transmitting UCI on a CC which does not transmit UL-SCH data sensitive to the puncturing loss.
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