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1
Introduction
When control signaling needs to transmitted simultaneously with a data transmission on PUSCH,  control and data are both multiplexed on PUSCH. The control signaling that needs to be considered consists of SRS, CQI, PMI and ACK/NAK. It has been agreed at RAN1#50 that the circular buffer rate matching takes the control signaling into account except for the case of ACK/NAK [1]. In the case of SRS, CQI, PMI, the starting points in the circular buffer are changed with the presence of the resources occupied by control signaling, while the circular buffer starting points are not affected by the presence/absence of ACK/NAK.
Whenever control signaling needs to be multiplexed with the data on PUSCH, this has the effect of increasing the effective code rate on the data channel. It was left FFS in [1] as to whether the PUSCH is power boosted to compensate for the loss due to the code rate increase on the data channel.
We discuss in this contribution need and methods for PUSCH link adaptation in the case of adaptive/non-adaptive HARQ retransmissions and in the case of persistent/dynamic resource allocations.

2
On the need for autonomous PUSCH link adaptation
The Table below categorizes the HARQ retransmissions considered and gives an overview of the corresponding link adaptations for the HARQ retransmissions. 

	Type of HARQ retransmissions
	Means for link adaptation in retransmissions

	non-persistent


	non-adaptive

(no scheduling grant)
	MCS offsets, power offsets with respect to grant information, to be specified as suggested in this contribution
(TPC from DCI format 3, 3A, applicability of TPC see Section 3)

	persistent
	
	

	
	adaptive
	MCS/delta_MCS, #PRBs, (TPC), etc.


Obviously, in the case of adaptive HARQ retransmissions, i.e. HARQ retransmissions with a separate scheduling grant, there is no need for specific means for autonomous PUSCH link adaptation. However, the presence of control information cannot be accounted for in the case of non-adaptive HARQ retransmissions. There are the following situations where it may be desirable to adapt the uplink autonomously by the UE in the case of non-adaptive HARQ retransmissions:

· first transmission on PUSCH with multiplexed UL control information, 
different or no UL control information multiplexed with HARQ retransmissions
· first transmission on PUSCH without multiplexed UL control information,
UL control information multiplexed with HARQ retransmissions
It is not clear how much resources may be needed for control signaling. In case of SRS, the resource consumption is 1/12 = 8.3% or 1/10 = 10% in the case of normal and extended cyclic prefix, respectively. It is expected that the resource consumption for CQI /PMI and ACK/NAK can be even higher because CQI/PMI and ACK/NAK are transmitted without HARQ retransmissions and the error rate requirements are tighter than for the data on PUSCH. Therefore, resource consumption for control signaling can be substantial and non-negligible, so that autonomous link adaptation in the UE is desirable in this case. 
Non adaptive HARQ retransmissions and persistent allocations have been introduced to reduce the overhead from DL control signaling. When we want to avoid DL control signaling for persistent allocations except for the occasional TPC with DCI format 3 or 3A, the PUSCH link adaptation needs to be done autonomously by the UE. In particular, the autonomous PUSCH link adaption helps to maintain a stable QoS and latency for these cases. 

3
On possible usage of TPC for PUSCH power scaling
In the case of dynamic scheduling with adaptive HARQ retransmissions, the TPC field is included as part of the dynamic UL scheduling grant and could potentially be used to signal additional power in order to compensate the control channel multiplexing. Furthermore, DCI format 3 and 3A could be used to convey TPC commands separately from the scheduling grants. If there are any transmissions/retransmissions that do not have a corresponding UL scheduling grant (persistent allocations, non-adaptive HARQ retransmissions), the power setting would follow the most recently received power setting, which has been agreed at RAN1#52. Hence, when TPC in the UL scheduling grant is used to compensate for the control channel multiplexing, the UE would apply the same power setting wrongly in the case of other transmissions/retransmissions without UL scheduling grant.

TPC for PUSCH power boosting in case of control multiplexing can be used only for the case that the UE is scheduled dynamically with adaptive HARQ retransmissions. Additionally, the constraint of avoiding to mix adaptive/non-adaptive and/or persistent/non-persistent transmissions is quite severe.  Therefore, we believe that TPC cannot be used in a sensible way for avoiding a loss from control multiplexing, which contradicts statements in [2] and [3].   
4
On possible usage of Delta_MCS for PUSCH power scaling

It has been agreed at RAN1#52 that Delta_mcs as part of the power control is either 0 dB in the entire cell or 
Delta_mcs = 10*log10(2BPRE*k – 1) (dB)  where k=1.25
Provided the term bits per resource element (BPRE) in the above equation includes only those REs that are available for data transmission and excludes those REs that are used for multiplexed control information, then the above equation implies an automatic power scaling in the case of multiplexing control and data. However, usage of Delta_mcs alone for this purpose is not sufficient, as we can disable the use of Delta_mcs altogether, i.e. Delta_mcs = 0 dB. It may also be noted that the term BPRE needs to be clarified in the context of control channel multiplexing. 
5
Means for PUSCH link adaptation

It has been agreed at RAN1#51bis that rate matching is used to handle differences in the number of control information and, hence, we will have a single table of TB sizes. In particular, the TB size remains unchanged regardless of the amount of control information multiplexed with the data.  However, in the presence of control signaling, the effective code rate for data on PUSCH is increased. A higher effective code rate corresponds to a larger MCS index, which in turn may imply a different modulation scheme and a higher SINR operating point. Therefore, the follwoing procedure is suggested:

a) The scheduling grant resource assignment (MCS, delta_MCS, #PRBs) is done without considering control information that may need to be multiplexed

b) In case of UL control information, the higher effective code rate is determined
c) The higher effective code rate is quantized according to the MCS table, resulting possibly in a higher MCS corresponding to a higher SINR operating point. In case of overlapping values in the MCS table (e.g. QPSK rate 2/3 and 16QAM rate 1/3), the MCS value closest to the one in the scheduling grant is selected.

d) The UE transmits using the MCS value obtained in (c) and a power setting as given by the latest TPC and a possible power offset. The power offset is obtained by the difference in the SINR operating points chosen in the initial grant and the one by choosing a different MCS value in (c). It is acknowledged, however, that the power cannot be increased in case the UE is already transmitting with the maximum power.  
The resource allocations for control signaling can vary substantially depending on the PUSCH SINR operating point and the amount of control signaling required, e.g. in the MIMO case. It may be noted that the above procedure is applicable in the general case with all types of different resource allocations for control signaling.
6
Considerations for ACK/NAK multiplexing
Since reception of a DL scheduling grant cannot be guaranteed, the eNodeB cannot rely that a corresponding ACK/NAK will be transmitted in the UL. This was the reason that ACK/NAK is punctured from PUSCH data rather than considered explicitely in the rate matching operation. In particular, the circular buffer starting points are not affected by the presence/absence of ACK/NAK. For the same reason, ACK/NAK multiplexing should not be considered when computing a possibly higher MCS value, because otherwise reception in the eNodeB could not rely that the UE is using a certain MCS in its transmission, thus requiring some blind decodes in the eNodeB. Hence, ACK/NAK multiplexing with PUSCH data will only increase the transmit power setting in the UE as shown in the Figure below.  The amount of the increase in the transmit power setting depends on the ACK/NAK resources used up per PRB. It may be noted that the required ACK/NAK resources depend on the PUSCH SINR operating point.
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7
Conclusion
It is suggested to agree on the following items at RAN1#52bis:
· UE is adapting the PUSCH transmission when multiplexing control with data 

· UE is adjusting the data MCS and power based on the effective code rate obtained after multiplexing CQI, PMI and SRS

· UE is additionally increasing the power when ACK/NAK is multiplexed 
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