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1. Introduction
In RAN1 #62bis meeting, the following proposal was discussed but conclusion has not been made [1]. 
Proposal: In case of multiple PUSCH with no aperiodic CSI when a PUSCH transmission in the Pcell does not exist or when it is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload (threshold for number of PRBs or for data payload needs to be defined), the UE selects for UCI inclusion the PUSCH:

· Alt1: based on predefined ordering of CCs (but avoiding PUSCHs which also suffer from the above special cases)

· Alt 2: derived from PUSCH transmission format

In order to conclude this proposal, we discuss further about the issues related to handling of the exception cases. In addition, we also discuss about the alternatives on how to select PUSCH when PUSCHs on multiple Scells are scheduled. 
2. Handling of exceptional cases
As shown in the above proposal, it was proposed that PUSCH on Pcell should not be selected to transmit UCI when it is used for a number of exceptional cases such as non-adaptive retransmission, or for SPS, or to convey a “small” payload. Not selecting PUSCH on PCC in the exceptional cases is helpful to reduce the impact of puncturing loss due to UCI inclusion. The frequency resource and/or MCS level in non-adaptive retransmission and SPS are likely determined without considering UCI inclusion. In this case, the puncturing loss with UCI inclusion will consequently cause the additional retransmissions. 
Alternatively, eNB implementation based approach can be used to handle the exceptional cases. The eNB send the additional UL grant to increase the PUSCH resource when UCI is included in PUSCH on Pcell. However, the following aspects should be carefully considered before deciding to use eNB implementation based approach only.  
· PDCCH overhead: The main motivation of non-adaptive HARQ and SPS is to reduce PDCCH overhead in Rel-8. In addition, it should be kept in mind that with the introduction of cross carrier scheduling, the number of PDCCHs in a serving cell will be increased and the blocking probability will increase which was concerned during the discussion on cross-carrier scheduling. Given this situation, using the additional UL grant for UCI inclusion on PUSCH would increase PDCCH overhead more and therefore it is not a desirable approach. 
· PUSCH resource utilization: even if the carrier that has the best channel quality is selected as Pcell based on channel measurement when the UE is connected, it does not necessarily mean that Pcell always has the best channel quality during the connection. In addition, Pcell configuration would not occur as fast as the real channel changes because Pcell configuration is the same operation as handover operation and the measurement reporting also requires a waiting time (i.e. Time to trigger) before reporting to avoid the ping-pong effect. Therefore, the channel condition for the Pcell could be worse than other Scells during the connection. That means when the small payload size is allocated to a PUSCH transmission on Pcell and the large payload size is allocated to PUSCH on Scells, the channel condition on the Pcell is likely worse than on Scells. In this case, relying on increasing PUSCH resource on Pcell to transmit UCI would decrease the PUSCH utilization efficiency. 
If the UE is configured to support only one UL carrier (i.e. Pcell), there is no way to handle the exceptional cases other than increasing PUSCH resource in Pcell by sending the additional UL grant. However, it is noted that the UE configured with multiple DL carriers will likely support the multiple UL carriers as well. The case requiring handling exceptional cases is a different situation from the case when the UE is configured with one UL carrier on Pcell. The more relevant scenarios would be when multiple UL carriers are configured and the large amount of UCI should be transmitted to support the large number of DL carriers. For example, SPS is configured on Pcell and the dynamic PUSCHs are scheduled on Scells. 
Therefore, based on the above observation, we believe that it is beneficial to include UCI in PUSCH on a Scell when PUSCH on Pcell is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload. 
3. PUSCH selection
As discussed in the proposal at the RAN1 #62bis meeting, two alternatives are suggested for selecting PUSCH for UCI inclusion when PUSCHs on multiple Scells are scheduled. The main difference between two approaches is whether the amount of the scheduled PUSCH resource is considered or not. If the predefined ordering is used, UCI may have to be included in PUSCH even if a small payload size is scheduled. It would increase the puncturing loss as investigated in [2]. To avoid this problem, PUSCH with a small payload can be precluded for UCI inclusion as defined in alternative 1. With handling of this exceptional case, there would be no big difference between two approaches. 
However, given that approach 2 is a more direct approach to select PUSCH with smallest puncturing loss, approach 2 is slightly preferred.
In approach 2, the remaining issue is what kind of PUSCH format information should be used. Until now, there are two proposals as follows.
· Option 1: the number of scheduled PRBs

· Option 2: transport block size 
As investigated in [2], the puncturing ratio is inversely proportional to 
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(or equivalently TBS). In addition, Table 1 shows that the puncturing ratio is different even with the same number of PRBs and the puncturing ratio can  be large even if the larger number of PRBs are used. Therefore, it is more desirable to select PUSCH based on the transport block size rather than the number of scheduled PRBs.  
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=10, # of A/N bits=10

	N_PRB = 5
	N_PRB = 6
	N_PRB = 7
	N_PRB = 8

	TBS
	puncturing loss
	TBS
	puncturing loss
	TBS
	puncturing loss
	TBS
	puncturing loss

	120
	0.69
	152
	0.57
	176
	0.50
	208
	0.43

	176
	0.50
	208
	0.43
	224
	0.40
	256
	0.36

	208
	0.43
	256
	0.36
	296
	0.31
	328
	0.28

	256
	0.36
	328
	0.28
	392
	0.24
	440
	0.22

	328
	0.28
	408
	0.23
	488
	0.20
	552
	0.17

	424
	0.22
	504
	0.19
	600
	0.16
	680
	0.14

	504
	0.19
	600
	0.16
	712
	0.14
	808
	0.12

	584
	0.17
	712
	0.14
	840
	0.12
	968
	0.10

	680
	0.14
	808
	0.12
	968
	0.10
	1096
	0.09

	776
	0.13
	936
	0.10
	1096
	0.09
	1256
	0.08

	872
	0.11
	1032
	0.09
	1224
	0.08
	1384
	0.07

	1000
	0.10
	1192
	0.08
	1384
	0.07
	1608
	0.06

	1128
	0.09
	1352
	0.07
	1608
	0.06
	1800
	0.06

	1256
	0.08
	1544
	0.06
	1800
	0.06
	2024
	0.05

	1416
	0.07
	1736
	0.06
	1992
	0.05
	2280
	0.04

	1544
	0.06
	1800
	0.06
	2152
	0.05
	2472
	0.04

	1608
	0.06
	1928
	0.05
	2280
	0.04
	2600
	0.04

	1800
	0.06
	2152
	0.05
	2536
	0.04
	2856
	0.03

	1992
	0.05
	2344
	0.04
	2792
	0.04
	3112
	0.03

	2152
	0.05
	2600
	0.04
	2984
	0.03
	3496
	0.03

	2344
	0.04
	2792
	0.04
	3240
	0.03
	3752
	0.03

	2472
	0.04
	2984
	0.03
	3496
	0.03
	4008
	0.03

	2664
	0.04
	3240
	0.03
	3752
	0.03
	4264
	0.02

	2856
	0.03
	3496
	0.03
	4008
	0.02
	4584
	0.02

	2984
	0.03
	3624
	0.03
	4264
	0.02
	4968
	0.02

	3112
	0.03
	3752
	0.03
	4392
	0.02
	5160
	0.02

	3752
	0.03
	4392
	0.02
	5160
	0.02
	5992
	0.02


Table 1 : Puncturing ratio 


In case of UL MIMO, the following equation is agreed to calculate the coded symbols for the ACK/NACK or RI. 
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Comparing to the equation for single transport block, the sum of 
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 for each transport blocks is used because ACK/NACK or RI is transmitted over two transport blocks. Therefore, it would be valid that the puncturing ratio is inversely proportional to TBS if transport block size is the sum of two transport block size. 
4. Conclusion

In this document, we further discussed the proposal summarized in the previous RAN1 meeting in order to support UCI inclusion in PUSCH. As discussed in Section 2, it is believed that eNB implementation based approach would not be efficient in terms of PDCCH overhead and PUSCH resource utilization when multiple UL carriers are configured. For the detailed method for PUSCH selection, PUSCH format based approach is preferred because it directly considers the puncturing ratio. 
Therefore, we recommend to adopt the proposal suggested in the previous RAN1 meeting with alternative 2 as the way for selecting PUSCH to include UCI.
In case of multiple PUSCH with no aperiodic CSI when a PUSCH transmission in the Pcell does not exist or when it is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload (threshold for number of PRBs or for data payload needs to be defined), the UE selects for UCI inclusion the PUSCH:

· Alt 2: derived from PUSCH transmission format
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