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1. Introduction
In RAN1 #61bis meeting, the following was agreed for UCI transmission on PUSCH when PUSCH is scheduled in the same subframe [1].  
· PUCCH + PUSCH on same and different CCs supported as part of CA WI

· Single UE capability assumed (inter and intra CC) and single configuration from network side unless concerns are raised by RAN4

· Control piggy-backing on PUSCH (UCI on PUSCH) supported for CA and non-CA operation
· The choice of PUSCH in the following cases are FFS:

· aperiodic CSI

· SPS

· non-adaptive retransmissions

· small PUSCH payloads

· In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC:

· Then any UCI on PUSCH is carried on one PUSCH on SCC

· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH

· If simultaneous PUCCH+PUSCH is configured and there is at least one PUSCH transmission

· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed

· All UCI mapped onto PUSCH in a given subframe get mapped onto a single CC irrespective of the number of PUSCH CCs

· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed

In this document, we would like to discuss two remaining issues related to UCI transmission over PUSCH.  
2. PUSCH selection
According to the agreement, any UCI on PUSCH is carried on one PUSCH on SCC in case when one or multiple PUSCHs are transmitted and no PUSCH is transmitted on PCC. When PUSCHs are transmitted on multiple SCCs, it should be defined which PUSCH on SCC should be used to carry UCI. 
Three possible approaches have been proposed [2-5]. 

· Explicit signalling: the eNB to signal which PUSCH on SCC is used for UCI transmission. Since all SCCs may or may not be scheduled, the priority order should be signalled instead of designating a certain SCC as UCI transmission. 
· Predefined rule with CI value: since CI value is unique per UE, it can be used to select one PUSCH among PUSCHs on SCCs. For example, PUSCH having lowest CI value among scheduled SCCs can include UCI. 
· Predefined rule with UL grant: the UE can select one PUSCH based on the UL grant. For example, PUSCH having the largest TBS can be selected as the PUSCH to carry UCI.  
Among the approaches listed above, using the predefined rule with UL grant is preferred. The main reason is that this method would reduce the impact due to puncturing loss in PUSCH transmission.  As discussed in [4], the puncturing ratio due to UCI transmission can be calculated by 
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 is the number of coded symbols for HARQ-ACK, rank indicator, channel quality information. In Rel-8[3], 
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 is defined for HARQ-ACK and rank indicator and 
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 is defined for channel quality information. Given that the number of information bits(
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) is the same regardless of the selected PUSCH, it can be concluded that the puncturing ratio in PUSCH of each CC would be inversely proportional to 
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(or equivalently TBS).  Consequently, the smallest puncturing impact is achieved if UCI is included on PUSCH scheduled with the largest TBS.
In addition, there is no strong benefit to introduce additional signalling to define the priority of UL CCs. Since it is assumed that the priority of all UL CCs is the same, there is no performance difference in UCI transmission between UL CCs if the actual scheduling information is not included as a parameter. 
3. Handling of exception cases
According to agreement, the choice of PUSCH in the following cases are FFS:

· aperiodic CSI

· SPS

· non-adaptive retransmissions

· small PUSCH payloads

In this section, we discuss whether the exception cases especially for SPS and small PUSCH payloads are necessary.  The main reason for such considerations would be that the puncturing loss due to carrier aggregation may be more severe compared to Rel-8 due to the  increased UCI size in Rel-10 to support carrier aggregation. For example, the maximum number of HARQ ACK/NACK in LTE-A for CA is decided as 10bits. 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. In addition, it is also difficult to guarantee the reliability of HARQ-ACK transmission because the coded symbols is limited as 
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. The puncturing loss of PUSCH could be compensated with 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 delay sensitive UL-SCH data. In addition, UCI transmission is not recovered with HARQ retransmission. Given that the small data rate would normally be scheduled with SPS transmission for the delay-sensitive traffic, SPS can be considered similar as the small PUSCH payload case. Therefore, it is recommended that when multiple PUSCHs are transmitted and PUSCH in PCC is scheduled with a small PUSCH payload size (including SPS transmission), UCI could be transmitted on PUSCH in SCC as if PUSCH on PCC is not scheduled. 
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	PRB = 1
	PRB = 2
	PRB = 3
	PRB = 4
	PRB = 1
	PRB = 2
	PRB = 3
	PRB = 4

	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 two remaining issues related to UCI transmission on PUSCH. Based on our discussion in Section 2 and 3, the following is recommended. 
· PUSCH selection on SCC when there is no PUSCH on PCC
· Predefined rule with UL grant: the UE can select one PUSCH based on the UL grant. Especially, PUSCH having the largest TBS is selected to transmit UCI. 
· Handling of exception cases

· When multiple PUSCHs are transmitted and PUSCH in PCC is scheduled with a small PUSCH payload size, UCI is transmitted on PUSCH in SCC as if PUSCH on PCC is not scheduled.
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