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1. Introduction
One objective mentioned in the approved study item proposal on the Rel.11 Enhanced UL (referred to as eUL thereof) [1] is given below:

· Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
The context of such proposal is to enable new technologies and/or scenarios not previously considered or emphasized in Rel.10. These include the study item proposals which may find their ways into work items. Examples are additional schemes for eICIC, enhanced CSI feedback for COMP, improved support for enhanced CA, and enhanced DL MIMO. Combined with non-uniform deployments, such component technologies may incur additional CSI feedback requirement which requires some improvement in the UCI transmission. This is true even with low mobility scenarios where CSI feedback rate is expected low.
In this contribution, we discuss the above issues and identify some potential enhancements.  
2. Discussion 
As outlined in the SI proposal, the UCI enhancement can be performed on PUSCH and/or PUCCH. It is noted that the content of PUCCH can be piggybacked onto PUSCH when the UE is not configured to transmit with simultaneous PUCCH and PUSCH. 
2.1. UCI Enhancement on PUSCH
The need for increasing the UCI multiplexing capacity on PUSCH seems to have come mostly from the possibility of supporting multiple CSI reports aimed at multiple transmission points. This is applicable for DL COMP (which was agreed as a baseline assumption). Combined with carrier aggregation (when the UE is configured with, e.g. 5 DL CCs, especially for TDD), this increases the worst-case CSI reporting overhead by the number of transmission points. While some scheduling restriction can be applied to limit the total CSI reporting overhead (across all the UEs), it may still be desirable to allow some increase in UCI multiplexing capacity (which in turns requires an increase in the maximum allowable CSI reports). 
Note that in Rel.10 CSI reporting associated with all DL component carriers is confined within a single UL component carrier. While it is possible to relax such restriction, striving for solution(s) within such constraint is perhaps a preferred direction – unless it is infeasible. Starting from such mindset, targeted solutions will simply increase UCI multiplexing capacity on the uplink. Currently for Rel.10, the following solution is supported for UCI multiplexing on PUSCH [3]:
· HARQ-ACK/RI is repeated across all layers
· CSI (including CQI, PMI) is transmitted and multiplexed within only one codeword despite the number of codewords (1 or 2) assigned to PUSCH. UCI is then multiplexed across all the available layers within the codeword.
· QPSK-only modulation is used

Since the driving factor for UCI enhancement is expected to be CSI (not HARQ-ACK), it is sufficient to study the enhancements related to CSI transmission. The following simple extensions can be considered:
· Support CSI transmission across 2 codewords when applicable 
· This feature allows the UE to transmit UCI with the same number of codewords as data (UL-SCH). This was proposed is the Rel.10 timeframe but passed on since the concern on UCI multiplexing capacity was not a prominent factor at the time. This additional feature is indeed simpler to support compared to the current Rel.10 solution since there is no need for defining a codeword selection rule for DCI format 4. There are at least two alternatives:
· Alt1: Semi-static configuration (e.g. via RRC signaling) for switching between the Rel.10 mechanism (only 1 CW is used for UCI transmission regardless of the number of CWs used for data transmission) and allowing UCI transmission to utilize the same number of CWs as data transmission.  
· Alt2: Dynamic configuration (e.g. via a new derivative of DCI format 4) for being able to adapt the number of CWs used for UCI transmission from at most two possibilities {1 , min(#CWs for data,2)}.
· In case of UCI-only transmission (as explicitly mentioned in the SI proposal), it is also proposed to allow multi-codeword transmission when applicable. In this case, allowing rank-2 transmission with 1 codeword is not needed – especially with the current specification not supporting 1CW mapped onto 2 layers for rank-2 initial transmission.  
· Higher order modulation such as 16QAM is employed for UCI transmission
· Adding 16QAM in addition to QPSK is beneficial only when the required coding rate is already very low for QPSK. This is because 16QAM requires ~4dB additional SNR over QPSK for the same coding rate (not including the additional back-off due to higher cubic metric in power-limited scenarios). Hence the benefit for supporting 16QAM (or in general higher order modulation) is unclear. This was discussed at the end of Rel.10 timeframe.
The above discussion is intended not only to aperiodic CSI transmission (which requires an uplink grant), but also periodic CSI transmission if such feature is supported in Rel.11. For periodic CSI transmission, however, it is unclear whether the number of codewords (and hence rank) can be adapted since a periodic transmission is expected to be semi-persistent (without an uplink grant). This needs to be further discussed.
Proposal: 
· To increase UCI multiplexing capacity on PUSCH, study the possibility to support UCI transmission with the same number of codewords (1 or 2) as data in case of CSI. 
· Mainly applicable for aperiodic CSI transmission.

· The benefit of higher order modulation for UCI transmission is not expected significant. If studied, it should be given a lower priority.

2.2. UCI Enhancement on PUCCH

PUCCH is in general capacity-limited and not expected to support such large increase in CSI transmission. The primary use of PUCCH is to support compact CSI transmissions such as wideband CQI/PMI and RI. When more detailed/refined CSI is desired at the eNodeB, aperiodic CSI transmission on PUSCH can be used. 

While coming up with some new PUCCH formats for Rel.11 (in addition to what is already supported in Rel.10) may lead to some interesting discovery, the overall system benefit is still unclear. 
Proposal:

· Studying new PUCCH formats is not to be given high priority unless a compelling case can be shown.
3. Conclusion

In this contribution, we discussed some possible UCI enhancement issues in the context of the enhanced Rel.11 uplink for LTE. Our current view is summarized below:
· Enhancement on PUSCH 

· To increase UCI multiplexing capacity on PUSCH, study the possibility to support UCI transmission with the same number of codewords (1 or 2) as data in case of CSI. 

· Mainly applicable for aperiodic CSI transmission.

· The benefit of higher order modulation for UCI transmission is not expected significant. If studied, it should be given a lower priority.

· Enhancement on PUSCH 

· Studying new PUCCH formats is not to be given high priority unless a compelling case can be shown.
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