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1. Introduction

During the last meeting, it was agreed that “UCI cannot be carried on more than one PUSCH in a given subframe,” and the remaining issue in RAN1 is “how the UE knows which PUSCH carriers the UCI in the case when the UE transmits more than one PUSCH in a given subframe.”
In this paper, we discuss UCI piggyback onto PUSCH for carrier aggregation considering the UL channel condition and the UE back-off issue.
2. UCI piggyback onto PUSCH for carrier aggregation

2.1. Multiple PUSCH transmission without or with UCI piggyback
For a LTE-A UE which is capable of carrier aggregation, multiple PUSCHs can be scheduled in multiple UL CCs if there is no transmit power limitation problem. In this case, we can consider following three options for the PUCCH transmission when the UE also transmits PUSCH in a subframe. The options are illustrated in Figure 1 and the aspects are also discussed as follows, where it is assumed that CC B is configured as an anchor CC (i.e. PUCCH-carrying CC).
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Figure 1: Multiple PUSCH transmission without or with UCI piggyback

Option A) UE transmits both PUCCH(s) and PUSCH simultaneously in a UL CC without UCI piggyback as shown in Figure 1(a).

· Option A makes specification for the LTE-A UEs simple.

· Even when a UE scheduled with a single PUSCH, UCI is not piggybacked onto the PUSCH.
· The PUCCH may be more interference limited. The increased possibility of separate PUCCH occurrence will increase interference to other PUCCH. However, the network may already have to support such a capability since separate PUCCH transmission will occur in any other options.

· According to the LS from RAN4 [1], certain simultaneous transmission of PUCCH and PUSCH across aggregated CC(s) would necessitate a transmitter power back-off in order to meet the Rel-8 radio requirements.
Option B) Planned PUCCH in the anchor CC is piggybacked onto the PUSCH scheduled in the same anchor CC only as shown in Figure 1(b).

· Inter-carrier UCI piggyback is precluded because it is hard to handle PDCCH detection error. Assuming that inter-carrier UCI piggyback is adopted, it should be ruled onto which PUSCH UCI is piggybacked. But, if a UE misses a PDCCH which schedules PUSCH where UCI is expected to be piggybacked, the other PUSCH will be selected instead. Error cases like this will diverge as the number of aggregated CCs increases and it is complex to handle these error cases.
· This option defines similar behavior per CC between Rel-8 LTE and LTE-A UEs except multiple PUCCH (e.g. multiple ACK/NACK) piggyback case depending on PUCCH design.

· UCI piggyback benefits CM aspects and saves RS power by not transmitting PUCCH, then it would extend UL coverage [2]. However, the amount of gain should be studied more in case of multiple PUSCH transmission [3].
· As the number of ACK/NACK bits to be piggybacked on a single PUSCH becomes large, puncturing loss in data part of PUSCH will increase.
· If a UE has been configured to be scheduled with multiple PUSCH, the UE’s UL channel condition is good enough. Then, the power back-off problem in simultaneous PUSCH and PUCCH transmission on the different CCs may not be a serious problem.

Option C) Planned PUCCH is always piggybacked onto one of the scheduled PUSCH (if exists), as shown in Figure 1(c).

· Inter-carrier UCI piggyback is allowed. When there are multiple PUSCHs scheduled to a UE, which PUSCH to piggyback the UCI can be signaled via UL grant or can be decided by predefined rule (e.g. PUSCH carrier with lowest or highest CC is chosen among scheduled PUSCH carriers.)
· As mentioned in Option B, inter-carrier piggyback is vulnerable to UL grant missing at the UE side. In case of predefined rule, the UL grant missing may lead to mismatch between the intended PUSCH for UCI piggyback at the eNB side and the actual PUSCH with UCI piggyback at the UE side. This mismatch will lead to additional blind decoding for payload in PUSCH, and PUSCH HARQ buffer corruption at the eNB side similar to cross carrier CFI issue. In case of explicit indication via UL grant, simultaneous PUCCH/PUSCH across CCs can still exists. Examples are illustrated in the Appendix.
· Other properties from UCI piggyback in comparison to simultaneous PUSCH/PUCCH transmission are the same as Option B.
Based on the aspects of the options, Option C is not preferred when a UE is configured multiple PUSCH transmission. And it is needed to discuss whether to support Option A and/or B in consideration of the RAN4 work progress as well. Consequently, we suggest the following for LTE-A UEs without transmit power limitation. 

· Multiple PUSCH transmission for the LTE-A UEs without power limitation

· Option A: UE transmits PUCCH(s) and PUSCH simultaneously without UCI piggyback.
· Option B: UE piggybacks UCI onto PUSCH in the PUCCH carrying UL CC.
· Inter-carrier UCI piggyback is precluded
· It is needed to discuss whether to support Option A and/or B in consideration of the RAN4 work progress.
2.2. Single PUSCH transmission with UCI piggyback

In LTE-A, an eNB can judge that a UE’s transmit power reaches around the maximum transmit power based on the power headroom report, and anticipate power back-off at the UE side according to the UL resources scheduled. Then, the eNB can configure the power-limited LTE-A UE to operate in the single PUSCH transmission with UCI piggyback over multiple component carriers to get better CM.
 That means UCI is piggybacked onto PUSCH if it exists, in similar way to Rel-8 LTE. In case of no PUSCH, it is also assumed that the UE keeps single carrier property for PUCCH transmission over all UL component carriers in a subframe, which may be handled by eNB scheduler not to schedule multiple PDSCH, by ACK/NACK bundling or by making a new PUCCH format to support multiple ACK/NACK transmission. We can consider possible two cases as shown in Figure 2 depending on whether to allow UL CC aggregation for power limited UE.
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Figure 2: Single PUSCH transmission with UCI piggyback
Case A) Maximum one PUSCH can be scheduled for a UE in a subframe among multiple UL CCs assigned to the UE. 

· In case of coincidence of a PUSCH in any CC and a planed PUCCH in any CC in a subframe, UCI of the PUCCH is piggybacked onto the PUSCH.
· Unlike multiple PUSCH transmission case, there will be only one PUSCH across CCs in a subframe so that there can be only one error case of missing PDCCH for PUSCH scheduling. It is similar to Rel-8 LTE.
· UL PUSCH scheduling flexibility over multiple UL CCs can be kept.
· In order for a UE to distinguish Case A operation from Option A/B, the UE should be informed of single PUSCH transmission with UCI piggyback. This could be semi-statically configured by RRC or dynamically signaled by DCI.

Case B) Only a single active UL CC is assigned to the power limited UE. 

· UE piggybacks UCI onto PUSCH as Rel-8 LTE.
· UL scheduling flexibility is limited to a single UL CC
· This operation can be triggered by active CC reconfiguration with an implicit or explicit indication for UE behavior of UCI piggyback.

It should be discussed further which one of the two cases should be supported for the uplink transmit power limited UEs. Consequently, we suggest the following for LTE-A UEs with transmit power limitation.

· Single PUSCH transmission with UCI piggyback for the LTE-A UEs under transmit power limitation
· Case A: Only one PUSCH can be scheduled among the multiple UL CCs.

· UE piggybacks UCI onto PUSCH in any UL CC.
· UE should be informed of single PUSCH transmission with UCI piggyback, which could be semi-statically configured by RRC or dynamically signaled by DCI.

· Case B: Only a single active UL CC is assigned.
· UE piggybacks UCI onto PUSCH.
· This operation can be triggered by active CC reconfiguration with an implicit or explicit indication for UE behavior of UCI piggyback.

· It is FFS which to be supported among two cases.
3. Summary
In this paper, we considered UL transmission modes in LTE-A. We propose as follows: 
· Multiple PUSCH transmission for the LTE-A UEs without power limitation

· Option A: UE transmits PUCCH(s) and PUSCH simultaneously without UCI piggyback.
· Option B: UE piggybacks UCI onto PUSCH in the PUCCH carrying UL CC.
· Inter-carrier UCI piggyback is precluded
· It is needed to discuss whether to support Option A and/or B in consideration of the RAN4 work progress.
· . Single PUSCH transmission with UCI piggyback for the LTE-A UEs under transmit power limitation
· Case A: Only one PUSCH can be scheduled among the multiple UL CCs.

· UE piggybacks UCI onto PUSCH in any UL CC.

· UE should be informed of single PUSCH transmission with UCI piggyback, which could be semi-statically configured by RRC or dynamically signaled by DCI.

· Case B: Only a single active UL CC is assigned.

· UE piggybacks UCI onto PUSCH.

· This operation can be triggered by active CC reconfiguration with an implicit or explicit indication for UE behavior of UCI piggyback.

· It is FFS which to be supported among two cases.
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Appendix: Inter-carrier piggyback examples when multiple PUSCHs can be scheduled
<Example 1> When PUSCH for UCI piggyback is decided by predefined rule
Figure 3 shows an example with a predefined rule of PUSCH selection to carry UCI, which is to select PUSCH with lowest CC index among the scheduled PUSCHs. Just in case that the UE happens to miss the grant for PUSCH where UCI is intended to piggybacked, there are some issues which should be considered.
If a UE misses the UL grant for PUSCH to carry UCI, there is ambiguity at the eNB side which PUSCH the UCI has been piggybacked on. Therefore, UCI will be unreliable to decode when it has no CRC so it cannot be decoded blindly. In addition, if CQI is included in UCI, rate matching of payload in PUSCH will be different depending on whether UCI is piggybacked or not. Then, 2 blind decoding trials are needed for the payload. Finally, if the blind decoding is not successful, PUSCH HARQ combining problem exists, which is similar to the cross carrier CFI issue that leads to HARQ buffer corruption.
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Figure 3: Example of predefined rule
<Example 2> When PUSCH for UCI piggyback is indicated via UL grant
Figure 4 shows an example with the 1 state (or bit) indication via UL grant of PUSCH whether to carry UCI on that PUSCH or not. When the UE happens to miss the grant for PUSCH where UCI is intended to piggybacked, there are still simultaneous PUCCH/PUSCH transmission cases. Therefore, this explicit indication when multiple PUSCHs are scheduled cannot cover the error case. That is, this explicit indication covers the mismatch between eNB and UE only when single PUSCH is scheduled. To handle the error cases when multiple PUSCHs are scheduled, the explicit indication should consist of the information of CC index of PUSCH to carry UCI on every UL grant, which is not desirable due to the DCI overhead.
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 Figure 4: Example of explicit indication via UL grant
















































































































































