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1.
Introduction
In RAN1 #50 held in Athens, many assumptions related to control signalling on PUSCH were agreed [1]. This contribution discusses the following open issues related to control signaling on PUSCH:

· Autonomous power boost to compensate the coding loss for data when control is present
· Modulation constellation for CQI transmitted on PUSCH 
One additional issue, how to avoid problems caused by the PDCCH allocation grant failure, is discussed in a separate contribution [1]. 
2.
PUSCH power boost
One of the open items with PUSCH is the support for autonomous power boost (at the UE side), in order to compensate the reduced channel coding of the data transmission due to the simultaneous control signaling. We note that there are some issues which need to be taken into account in this respect:
· Power boost cannot improve the cell-edge performance (cell-edge UE is probably transmitting with the maximum power)

· eNB can dimension the UL resource size taking into account possible of control signals. Furthermore, eNB can adjust the coding rate of data transmission by varying the amount of UL data scheduled for given TTI. 

· There are TPC bits included the UL grant which provide sufficient power adjustment capability to the eNB.
If the power boost is not applied, the coding loss may still be at acceptable level (HARQ is available for UL data). Finally we note that accurate link adaptation (including power adjustment) will be difficult in UL in any case, due to unknown inter-cell interference.

As a consequence of these facts, we do not see the autonomous PUSCH power boost necessary.

3.
Modulation constellation for CQI transmitted on PUSCH
It has been decided that for ACK/NACK transmitted on PUSCH, the coding, scrambling and modulation should maximize the Euclidean distance [1]. This means a modulation symbol used for ACK/NACK carries at most 2 bits of coded control information regardless of PUSCH modulation scheme. For CQI, it is an open item which option is selected 
· the same constellation as used by the PUSCH is used or
· restrict the CQI constellation.
The main difference between the CQI and UL data transmitted on PUSCH is that HARQ is not used with CQI. When HARQ is applied, SNR point where 16QAM provides higher throughput than QPSK can be relatively low. It is quite obvious that from CQI performance point of view, QPSK would be better choice than 16QAM in this area.
Next we compare the link performance between 16QAM and QPSK using equal symbol space reserved for CQI. We assume 1/3 coding with 16QAM and 2/3 coding with QPSK, respectively. The CQI bit rate is the same in both cases. Results have been obtained using practical receiver and realistic channel estimation. PUSCH bandwidth equals to 6 RBs in this simulation. 
[image: image1.emf]6RBs, no HARQ, TU 3km/h

1E-02

1E-01

1E+00

0 1 2 3 4 5 6 7 8 9 10

SNR [dB]

BLER 16QAM1/3

QPSK 2/3


Figure 1. Comparison of 16QAM and QPSK using equal symbol space, 6 RU.
Results show that when considering typical CQI operation area (BLER 1% - 10%) SNR operation point using 16QAM modulation varies between 6.7 and 9.8 dB. We know that with UL data transmission using HARQ, this is clearly an area where 16QAM modulation provides better throughput than QPSK. If QPSK modulation is selected for CQI instead of 16QAM, it will provide 1.3-2.2 dB gain for CQI performance. 
This simple example shows that CQI and UL data should have their own modulation schemes. It is still possible derive the CQI coding scheme from the PUSCH MCS. However, taking into account different properties of CQI signalling and UL data transmission, we propose that a table should link each PUSCH MCS with a given coding rate and modulation scheme to be used with control signalling. 
4.
Summary
This contribution discussed two open items regarding to control signalling on PUSCH. We propose that 
· autonomous PUSCH power boost at the UE is not supported
· a table should link each PUSCH MCS with a given coding rate and modulation scheme to be used with CQI
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