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1. Introduction

During the last meeting, there was a discussion on the simultaneous PUSCH/PUCCH transmission based on the RAN4 LS [1]. However, there was no consensus to change the agreement from RAN1#55bis. Therefore, the restriction of the single carrier transmission characteristics within a CC is relaxed in LTE-A, and simultaneous transmission of PUCCH and PUSCH within a CC is allowed for more efficient uplink transmission.
In this paper, we discuss UCI piggyback onto PUSCH for carrier aggregation depending on the UL channel condition.
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 consider following two options for the PUCCH transmission when the UE also transmits PUSCH in a subframe. Two options are illustrated in Figure 1 and the aspects are also discussed as follows, where it is assumed that CC B is configured as a PUCCH-carrying CC.


[image: image1.emf]C

C

 

A

C

C

 

B

C

C

 

C

subframe

(a) Option A: Multiple PUSCHs without UCI piggyback
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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.
· Each PUSCH and PUCCH will have its own RS, and RS portion in PUCCH is not negligible. Therefore, Option A accompanies RS power overhead compared to Option B.

· 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.

· 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) 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(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. 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.
According to the discussion in the last meeting, Option A will be supported. It is needed to study more whether to support Option B in addition to Option A. 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 within a UL CC.
· Inter-carrier UCI piggyback is precluded
· It is needed to study more whether to support Option B in addition to Option A in consideration of transmission power back-off and feasibility of UCI piggyback.
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 within a UL CC.
· Inter-carrier UCI piggyback is precluded
· It is needed to study more whether to support Option B in addition to Option A in consideration of transmission power back-off and feasibility of UCI piggyback.
· 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.
4. References

[1] R1-101720, LS on simultaneous PUSCH and PUCCH and clustered SC-FDMA, RAN4
[2] R1-092669, Concurrent PUSCH and PUCCH Transmissions, Samsung
[3] R1-090363, CM Analysis of Concurrent PUSCH and PUCCH UL transmission for LTE-A, Qualcomm
















































































































































_1334236942.vsd
텍스트�

CC A


CC B


CC C


subframe


(a) Option A: Multiple PUSCHs without UCI piggyback


subframe


PUCCH region


PUSCH region


PUCCH region


PUSCH


UCI


CC A


CC B


CC C


(b) Option B: Multiple PUSCH with UCI piggyback within a CC


PUCCH



_1334237995.vsd
텍스트�

subframe


CC A


CC B


CC C


PUCCH region


PUSCH region


PUCCH region


subframe


(a) Case A: Multiple UL CC aggregation- Inter carrier piggyback


(b) Case B: Single UL CC limitation


PUSCH


UCI


PUCCH


CC A


CC B


CC C



