
3GPP TSG RAN WG1 Meeting #60bis
R1-102247
Beijing, China, April 12 – 16, 2010
Source: 
ETRI
Title: 
UCI multiplexing with data on PUSCH
Agenda Item:
6.4.4 
Document for:
Discussion/Decision
1 Introduction 
In RAN1 #55bis meeting, it was agreed that simultaneous transmission of uplink L1/L2 control signalling and data is supported through the following two mechanisms [1]
•
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 general, the UE without power limitation can operate with the simultaneous transmission of PUCCH and PUSCH at the same subframe, while the UEs under transmit power limitation can be set to operate in the single carrier transmission mode [2]. In this paper we discuss the further details of L1/L2 uplink control information (UCI) multiplexing with data on PUSCH. 
2 Discussion
According to the current agreement [1], the UCI multiplexing with data on PUSCH should follow the same principle as in Rel-8. What can be deemed the Rel-8 principle is single-carrier property with the TDM of control and data, which should be useful for low-geometry UEs or UEs with power limitation. 
Since LTE-Advanced supports UEs with multi Tx antennas, the following options can be envisioned for UCI multiplexing with data on PUSCH in LTE-Advanced.
Alt 1: Both control and data parts employ MIMO transmission where the rank and precoding, decided from the uplink grant, are applied to both control and data parts. Although this is one possibility, this scheme involves simultaneous transmission of multiple wave forms when rank > 1 and hence it is not considered compatible with the Rel-8 principle of maintaining single-carrier property, i.e., in order to maximize the available transmit power per symbol. 

Alt 2: The control part employs single-layer transmission and the data part uses MIMO transmission, where the control part is constrained to use single-layer transmission and the data part is allowed to transmit multi-layers with independent rank adaption to allow throughput improvement. The control part needs to use precoding (or Tx diversity), which can be different from the precoding for the data part. In this case additional signaling of the precoding for the control part is needed. Also to maintain single-layer (or single-carrier) transmission, the TDM of the control and data parts need to be done on an SC-FDMA symbol level instead of a modulation symbol level as in Rel.8 

Alt3: Both control and data are forced to use single-layer transmission where the same precoding, received from the uplink grant, is applied to both the control and data. The Rel-8 multiplexing method can be reused in a straight forward manner requiring the least specification efforts among the three cases. The downside of this approach is the potential uplink throughput reduction due to the rank constraint. But, if the UCI multiplexing into PUSCH is set for low geometry UEs with power limitation the throughput loss is expected to be small since multi-layer transmission is not useful for low geometry UEs.

 

3 Conclusion
We have discussed alternatives for multiplexing of L1/L2 uplink control with data on PUSCH in LTE-Advanced. We propose to use single-layer transmission (Alt. 2 and Alt. 3) to maintain the single carrier property for the control part, while whether or not to allow multi-layer transmission for the data part is FFS.
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