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1. Introduction

In Rel-8 LTE, uplink transmission is designed not to break the single carrier transmission characteristics. On the other hand, this restriction is relaxed in LTE-A for more efficient uplink transmission. The following has been agreed as a basic principle [1].
Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

· Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

· Control signalling is transmitted on PUCCH simultaneously with data on PUSCH

In this paper, we suggest defining different UL transmission modes for LTE-A UEs depending on the UL channel condition. The transmission modes consider UCI piggyback onto PUSCH for UL CM preserving transmission.
2. UL transmission modes in LTE-A
2.1. Multiple channel transmission mode
If there is no transmit power limitation problem for a LTE-A UE, the eNB can configure the UE to operate in the multiple channel transmission mode according to the carrier aggregation and the basic principle above. 
In this mode, multiple PUSCHs can be scheduled for a UE in a subframe typically, but multiplicity and allocation of PUCCH in a subframe will depends on the further PUCCH design for carrier aggregation. Therefore, we assume what covers all the possible design of PUCCH under agreements so far. Then, we consider following two options for the PUCCH transmission when the UE also transmits PUSCH in a subframe. The two options are illustrated in Figure 1 and the aspects are also discussed as follows.
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Figure 1: Multiple channel transmission mode

Option A) UE piggybacks UCI onto PUSCH as Rel-8 LTE per UL CC. That is, any planned PUCCH in a CC is piggybacked onto PUSCH in the same CC when they happen to be transmitted in a same CC as shown in Figure 1(a).

· 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. 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 channel transmission mode [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.
· In case of UL MIMO, spatially multiplexed PUSCH may not be proper for UCI piggyback.
Option B) UE transmits both PUCCH(s) and PUSCH simultaneously in a UL CC without UCI piggyback as shown in Figure 1(b).

· Option B makes specification for the LTE-A UEs simple. It is easy to select proper UL transmission schemes for PUCCH and PUSCH respectively. (e.g. transmit diversity for UCI via PUCCH, and spatial multiplexing for data via PUSCH) 

· Each PUSCH and PUCCH will have its own RS, and RS portion in PUCCH is not negligible. Therefore, option B accompanies RS power overhead compared to option A.

· 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 schemes.
It is needed to study more whether to support both or either option according to the trade-off between them. Consequently, we suggest the following as a transmission mode of LTE-A UEs without transmit power limitation 
· For the LTE-advanced UEs without power limitation, multiple channel transmission mode can be semi-statically configured.

· Option A: UE piggybacks UCI onto PUSCH within a UL CC.
· Option B: UE transmits both PUCCH(s) and PUSCH simultaneously in a UL CC without UCI piggyback.
· It is needed to study more whether to support both or either option according to the trade-off between them.
2.2. Single carrier transmission mode for CM preserving transmission
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. Then, the eNB can configure the power-limited LTE-A UE to operate in the single carrier transmission mode 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 carrier transmission mode
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 scheduling flexibility over multiple UL CCs is kept similar as in multiple channel transmission mode.
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.
· UE active UL CC reconfiguration may cover this operation without additional mode definition for power limited UE if option A in the multiple channel transmission mode is introduced for the power non-limited UEs.
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 as a transmission mode of LTE-A UEs with transmit power limitation.

· For the LTE-advanced UEs under transmit power limitation, single carrier transmission mode can be semi-statically configured.
· Case A: Maximum one PUSCH can be scheduled among the multiple UL CCs as non-power limited mode.

· UE piggybacks UCI onto PUSCH in any UL CC.
· Case B: Only a single active UL CC is assigned.
· UE piggybacks UCI onto PUSCH.
· It is FFS which to be supported among two cases.
In addition, following two other possible points are not considered above:
· A UE implementation of applying multiple RFs for multiple component carriers may be supported in a different way from the above options in the LTE-A specification.

· A UE with two transmit antennas may utilize each antenna in transmitting PUCCH and PUSCH respectively so that single carrier transmission can be kept in each antenna without piggyback.

3. Summary
In this paper, we considered UL transmission modes in LTE-A. We propose as follows: 

· For the LTE-advanced UEs without power limitation, multiple channel transmission mode can be semi-statically configured.

· Option A: UE piggybacks UCI onto PUSCH within a UL CC.
· Option B: UE transmits both PUCCH(s) and PUSCH simultaneously in a UL CC without UCI piggyback.
· It is needed to study more whether to support both or either option according to the trade-off between them.
· For the LTE-advanced UEs under transmit power limitation, single carrier transmission mode can be semi-statically configured.

· Case A: Maximum one PUSCH can be scheduled among the multiple UL CCs as non-power limited mode.

· UE piggybacks UCI onto PUSCH in any UL CC.
· Case B: Only a single active UL CC is assigned.
· UE piggybacks UCI onto PUSCH.
· It is FFS which to be supported among two cases.
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