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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.
Furthermore, regarding the max power scaling with concurrent PUCCH and PUSCH transmission, the agreed starting point is that PUCCH power is prioritized and the remaining power may be used by PUSCH [2].
In this paper, we discuss possible operation modes of an LTE-A UE and the corresponding behavior.

2
Discussion
The LTE-A UL is based on Rel-8/9 LTE UL design, but also includes some additional features such as MIMO Tx mode, clustered data transmission, and concurrent PUSCH and PUCCH transmission. 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. 
Therefore, it is proposed that LTE-A UEs be configured by RRC signaling to operate in one of the following modes:
· Rel-8/9 mode
· SC-FDM waveform retained

· PUCCH or PUSCH transmission in a single subframe
· Rel-10 mode with single-carrier constraint
· SC-FDM waveform is preserved at each transmit antenna
· MIMO transmission schemes are allowed as long as the single-carrier property is maintained
· PUSCH and PUCCH can not be transmitted from the same antenna in the same subframe
· Rel-10 mode without single-carrier constraint
· Non-contiguous PUSCH transmission (clustered DFT-S OFDM)

· Concurrent PUCCH/PUSCH transmission

· Possible multi-carrier operation under same PA

· Possible MIMO Tx mode without necessarily preserving the single-carrier property
When a Rel-10 UE is configured in Rel-8/9 mode, all the rules in Rel-8 naturally apply and a Rel-10 UE behaves as a Rel-8/9 UE. When the 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 scaling based on priority of different channels is applied where the uplink transmission power is first allocated to the channel of higher priority to meet the target performance requirement as much as possible, and the remaining power can be then allocated to the channel of lower priority (e.g. Table 1)
· 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

Table 1: Channel Priority Ranking
	Priority
	Channel/Signaling

	0: highest
	PUCCH
	ACK/NACK (highest priority)

	1
	RRC signaling and MAC control signaling

	2
	PUCCH


	SR

	
	
	RI

	
	
	CQI/PMI

	3: lowest
	PUSCH


3
Conclusions 

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




· Rel-10 UE can be RRC configured in one of the following three modes:
· Rel-8/9 operation mode

· Rel-10 UE behaves as a Rel-8/9 UE;

· Rel-10 operation mode with single-carrier constraint

·  As configured by the network, Rel-10 UE may utilize Rel-10 features (e.g. UL MIMO, TxD)  satisfying the single-carrier property at each transmit antenna
· Rel-10 operation mode without single-carrier constraint

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