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1.0  Introduction
In St. Louis, the piggy-backing of DNA control messages on uplink data messages was briefly discussed.  Some basic principles for the piggy backed DNA control multiplexing were defined.  In both papers discussed on the topic, data puncturing was the preferred method for accommodating control messaging bandwidth.  It is that point which is discussed by this paper.
2.0 Discussion

Puncturing data messages for uplink piggy backed control works well in some cases, in particular for short control messages or for large data allocations. In these cases, the change in the coding rate due to puncturing is small and so the loss in link performance is also small.  
In other cases, puncturing does not work well at all.  In particular, when the control messages are long and the data messages are short, the puncturing rate it too high.  Also, puncturing with power boosting does not work well when a UE is power limited, in which case no boosting is possible.  Unfortunately, the UE’s that require the most power boosting because of their small bandwidth allocations are the least likely to be able to provide the required boost because they are the most likely to be power limited.  CQI reports for a MIMO downlink may range from 90 to 120 information bits.  In the case of these large CQI reports at a 1/3 rate QPSK transmission could take from 270 to 360 coded bits.  It is not unreasonable to assume that the UE will need to occasionally occupy an entire RB with just control channel information.  Surely, the scheduler will not require a low-geometry UE to puncture a small uplink data allocation by 50% as assumed in [2].
Consider the following observations:

· Cell-edge UE’s are likely to have very small transmission bandwidths

· Cell-edge UE’s will need the most power boosting due to puncturing

· Cell-edge UE’s are the most likely to be power limited or unable to power boost

· Cell-edge UE’s are likely to create the most interference to other cells.

· Cell-edge UE’s are most likely to be requested to back off their power due to inter-cell power control.

Something has got to give.  The objectives of puncturing, power boosting, reducing interference and improved cell-edge throughput are at odds with one another.  A solution that does not require cell-edge UE’s to power boost is required.

For example, consider the following scenario:

The scheduler determines that a UE can support a 1/3 rate QPSK MCS over 2RB’s.  However, the scheduler is also aware that the UE will have to piggy-back a CQI report that will require 288 coded bits.  

(1) If the scheduler sticks with its 2RB allocation, the UE will have to puncture its data coding rate down to 2/3 rate and boost its power by 4-5dB to make up for the link performance loss.  In the case of a power-limited UE, the puncturing will result in a link performance loss of 4-5dB(in AWGN), essentially wasting the transmission.  In all likelihood, this UE will not be able to boost its power by this much, but even if it could, the resulting interference to other cells would destroy their performance.  Furthermore, the current direction of the power control discussion suggests that, in particular, cell-edge UE’s are most likely to be commanded to decrease their transmit power in order to tighten the IoT distribution.  Thus the goal of tightening the IoT distribution is at odds with the puncturing and power-boosting approach for cell-edge UE’s.
(2) Alternatively, if the scheduler increases its uplink allocation to 3RB’s in order to accommodate the additional bandwidth requirement for control, the UE can maintain its data MCS and in the case where the UE is cell-edge, it only needs to increase its transmit power by 1.8dB to meet the target PSD.  In no case would the interference to other cells be increased using this technique.
Also, in the case of synchronous retransmissions due to H-ARQ, both the scheduler and the UE will be aware of the need for piggy-backed control transmission.  So, in the rare event where a HARQ retransmission coincides with an existing control channel grant, an uplink grant for the retransmission could be signaled which takes into consideration the additional control channel bandwidth requirements without excessive impact on average control channel overhead.  It may, in fact, reduce the overall control channel bandwidth requirements by virtue of the fact that the uplink transmission is more likely to go through.
3.0 Simulation Results

Figure 1 shows the MCS curves for uplink data allocations.  It should be noted that the difference in performance between 1/3 rate QPSK and 2/3 rate QPSK is 4-5dB.
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Figure 1.  BLER curves for various coding rates.
4.0 Conclusions

In conclusion, it is recommended that in the case of low geometry UE’s or UE’s with small data allocations, that the scheduler should take into account the fact that the UE is scheduled for uplink control at the same time as uplink data, and therefore allocate additional bandwidth for that UE.  This will eliminate the need for excessive power boosting, will eliminate the need for requesting the UE to do something that is not capable of doing, and finally will eliminate the need for requesting the UE to do something that is at odds with the objectives of uplink power control.
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