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1
Introduction
It has been agreed that in the uplink of LTE-A simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms [1]
-
Control signaling is multiplexed with data on PUSCH according to the same principle as in Rel-8/9;
-
Control signaling is transmitted on PUCCH simultaneously with data on PUSCH.
In this paper, we discuss possible operation modes of an LTE-A UE, UCI transmission options, and rules for control and data multiplexing in Rel-10.

2
Discussion
The LTE-A UL is based on Rel-8/9 UL design, but also includes some additional features such as MIMO support, clustered data transmission, and concurrent PUSCH and PUCCH transmissions. Therefore, an LTE-A UE could be envisioned as operating in one of the following three modes: Rel-8/9, Rel-10 with single-carrier constraint, and Rel-10 without single-carrier constraint [2]. If based on PHR reports the network determines that a UE operating in Rel-10 mode is reaching max power, it could reconfigure the UE to operate in Rel-8/9 mode. 
In particular, from UL transmission perspective, a Rel-10 UE can be RRC configured in one of the following modes:

· Rel-8/9 operation mode

· Rel-10 UE behaves as a Rel-8/9 UE in UL (single antenna, no clustered data, no PUCCH+PUSCH);

· Rel-10 operation mode 

· With single-carrier constraint

· Rel-10 UE may utilize Rel-10 features (e.g. UL MIMO, TxD)  satisfying the single-carrier (SC) property at each transmit antenna

· Without single-carrier constraint

· Rel-10 UE may utilize Rel-10 features (e.g. clustered data transmission, multi-carrier operation, or possible UL MIMO transmissions not satisfying SC per-antenna) without the single-carrier constraint and with or without concurrent transmission of PUSCH and PUCCH.

When a Rel-10 UE is configured in Rel-8/9 mode, all the rules in Rel-8/9 apply and a Rel-10 UE behaves as a Rel-8/9 UE. When a Rel-10 UE is configured in one of the Rel-10 modes, the additional Rel-10 features can be utilized. This operation is depicted in Figure 1, and assumes the following:
· When a UE is not power limited
· Regular operation based on the configured Rel-10 operation mode is conducted
· When a UE is power limited
· Power of all PUSCHs without UCI is scaled equally
· UE selects whether or not to transmit simultaneous PUCCH and PUSCH based on it scheduled transmit power if configured in Rel-10 mode without the single-carrier constraint
· Blind decoding is required at the eNB, but this feature should already be supported in Rel-8 networks since due to potentially lost UL grants, eNB needs to be ready to receive control information on both PUCCH and PUSCH
· Power headroom reports from a UE would indicate eNB the power limitation

· Network may decide to move the UE to Rel-8/9 operation or Rel-10 operation satisfying SC property
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Figure 1: LTE-A UE operation
2.1
UCI Transmission
In Rel-8/9, if both CQI/PMI/RI and ACK are due for transmission, and there is no PUSCH transmission, CQI/PMI/RI and ACK are transmitted on PUCCH using the format 2a/2b if Simultaneous-AN-and-CQI is set to TRUE by higher layers, and otherwise CQI/PMI/RI is dropped. 
In case of multiple ACKs in a carrier aggregation scenario of LTE-A, and no PUSCH transmission, PUCCH format 2a/2b is no longer adequate for simultaneous transmission of multiple ACKs and CQI in the same subframe. In case of a single ACK, Rel-8/9 rules can be utilized.

Therefore, in the case of multiple ACKs in a carrier aggregation scenario and no PUSCH transmission, the following options could be considered:

· PUCCH+PUCCH transmission of CQI/PMI/RI and ACK

· Not supported per discussions in RAN1#60bis due to RAN4 feedback on spectral emission mask challenges with this transmission choice
· CQI/PMI/RI and ACKs transmitted on separate PA/antenna by multi Tx antenna UEs, preserving the single-carrier property
· Typical values of antenna gain imbalance (AGI) seem to be high and therefore single Tx antenna transmission on weak antenna may not be reliable unless especial measures are taken, e.g., per-antenna power control 
· New PUCCH format or modified existing PUCCH format to accommodate conveying of multiple ACKs and CQI/PMI/RI feedback in the same report
· Drop CQI/PMI/RI and only transmit multi-bit ACK on PUCCH
In case where PUSCH is transmitted, the following schemes should be considered: 

· Highest priority control information is sent on PUCCH, e.g. multi-bit ACK

· Rel-8/9 priorities are as follows (in descending order): ACK = SR > CQI/PMI/RI

· Lower priority control information is transmitted as UCI along with PUSCH, e.g. CQI

· Specific CC is utilized for UCI transmission. 

This would prevent possible frequent dropping of CQI/PMI/RI, impacting the DL transmission on multiple CCs, and at the same time provide for efficient and reliable transmission of ACKs on PUCCH [2]. 
If PUSCH of the (primary) CC that carries the PUCCH is scheduled, the CQI/PMA/RI would be transmitted on that PUSCH. If there is no PUSCH transmission on the primary CC, CQI/PMI/RI can be transmitted on any other (secondary) CC with scheduled PUSCH. The order in which the secondary CCs are considered to carry UCI can be semi-statically signaled or determined based on the best channel quality (scheduled MCS) on UL.
The procedure may be summarized as the following:

· No PUSCH transmission

· Single PUCCH used for conveying UCI. Details are FFS. 
· With PUSCH transmission in Rel-10 mode with concurrent PUCCH and PUSCH transmission
· ACK alone (possibly multiple bits)

· PUCCH format with multi-bit ACK

· Data on PUSCH (no UCI)

· CQI/PMI/RI alone

· PUCCH for CQI/PMI/RI and data on PUSCH (no UCI)

· ACK (possibly multiple bits) + CQI/PMI/RI 

· CQI/PMI/RI is transmitted on PUSCH and ACK (possibly multiple bits) is transmitted on PUCCH
· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· With PUSCH transmission with concurrent PUCCH and PUSCH transmission disabled

· UL control information is multiplexed with PUSCH 

2.2
Control and Data Multiplexing Rules

At the RAN1 #61 meeting it was decided that UCI and PUSCH multiplexing in UL MIMO would abide to the following rules: 

· HARQ-ACK and RI are replicated across all layers of both code words (CW) and TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· CQI/PMI is transmitted only on one codeword with Rel-8 multiplexing and channel interleaving mechanisms reused.
The total number of coded symbols required for CQI can be determined according to the Rel-8/9 rule:
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where the notation meaning is given in Table 1.
Table 1
	Notation
	Meaning
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	number of ACK/NACK, RI, or CQI bits
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PUSCH

sc

M

-


	initially scheduled bandwidth for the same TB, expressed as # of subcarriers 
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	scheduled bandwidth for the current PUSCH in the unit of subcarrier 
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	number of code blocks for the TB 
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	number of bits for code block number r 
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	offsets configured by higher layers 
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PUSCH

symb
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	number of SC-FDM symbols in the subframe for initial PUSCH transmission 
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	number of SC-FDM symbols in the current PUSCH transmission subframe 


Mechanism for CW selection is explained in [3]. For MMSE only receiver, CQI is put in codeword with lower MCS. For MMSE-SIC receiver, CQI is put in CW0 for which the decoding does not depend on cancellation of CW1.

The total number of coded symbols required for HARQ-ACK or RI can be determined as:
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where 
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denotes the number of code blocks for transport block 
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, which could be 0 or 1;  
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denotes the number of information bits in the 
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. The number of bits O represents the overall number of bits that need to be conveyed, including the feedback for multiple CCs and/or codewords. The number of bits for HARQ-ACK feedback can be matched dynamically to the actually scheduled DL transmissions in order to improve the efficiency. 
3
Conclusions 

In this contribution, we discussed possible operation modes of an LTE-A UE and the corresponding behavior. We also addressed the UCI transmission rules. Based on that, we propose the following:




· UE is configured in Rel-8/9 mode or one of the Rel-10 modes of operation using RRC signaling
· In addition, UE selects whether or not is able to transmit simultaneous PUCCH and PUSCH based on it scheduled transmission power if configured in Rel-10 mode without single-carrier constraint
· When there is no data transmission in a subframe:

· Single PUCCH used for conveying UCI. Details are FFS. 

· When there is data transmission in a subframe and the UE is configured in Rel-10 mode with concurrent PUCCH and PUSCH transmission

· ACK alone (possibly multiple bits)

·  ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· CQI/PMI/RI alone

· CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI)

· ACK (possibly multiple bits) + CQI/PMI/RI 

· CQI/PMI/RI is transmitted on PUSCH and ACK (possibly multiple bits) is transmitted on PUCCH

· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· With PUSCH transmission with concurrent PUCCH and PUSCH transmission disabled

· UL control information is multiplexed with PUSCH
· The total number of coded symbols required for UCI transmission is determined as

· For CQI according to the Rel-8/9 rule:
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· For HARQ-ACK or RI:
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