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1 Introduction

This contribution addresses outstanding issues on the multiplexing of control and data on the PUSCH after the decisions made during RAN1 #50 [1]. In particular, the following issues are addressed:
a) Modulation and coding rate for CQI/PMI transmission and number of sub-carriers for ACK/NAK transmission.
b) Autonomous power boost and MCS increase to compensate for coding loss of data.
c) Autonomous power decrease and MCS decrease to adjust to coding gain of data.
For brevity, reference will only be made to CQI but the discussion applies to both CQI and PMI. 

2 CQI/PMI MCS and Resources in the PUSCH
For the CQI modulation, a first open issue is whether to restrict the constellation (e.g. to QPSK). Clearly, if the PUSCH data modulation is QPSK, the same should apply for the CQI as it typically requires lower BLER. The question is therefore whether/how QAM16/QAM64 should be used for CQI transmission when it is used for data transmission. 
In [2] it is argued that data and CQI should be allowed to have different modulation because the selected data modulation for a given operating SINR accounts for HARQ which is not possible for CQI. One possible concern with this approach is the power amplifier operation when different modulation schemes need to be supported in the same symbol. In [2], it is further suggested that a Table links each data MCS to each CQI MCS. Obviously, such a Table is needed and has been agreed [1]. However, strictly linking the CQI MCS with the data MCS forces a corresponding link between CQI BLER and data BLER which is not desirable. For example, the scheduler may choose a data target BLER from 10% to 40%, depending on the application and/or the system conditions (latency, system load, UE SINR etc.), but this should not impact the CQI BLER which should be largely independent of such considerations. In order to loosen the coupling between the CQI BLER and data BLER targets, an offset for the CQI MCS linked to the data MCS can be configured together with the other parameters of CQI transmission. This offset specifies whether the CQI MCS linked to the data MCS through the corresponding Table is used or a higher or lower CQI MCS is used.
Similarly to linking the CQI MCS to the data MCS, the number of ACK/NAK sub-carriers (per slot) should also be linked to the data MCS through a Table. Similarly to the CQI, in order to allow the eNB scheduler to largely decouple the data target BLER from the ACK/NAK target BER, an offset should be configured for a UE to adjust the number of ACK/NAK sub-carriers to the next higher or lower level (including no change) relative to the number of sub-carriers specified in the Table linking it to the data MCS.
To create a Table linking the data MCS to the CQI MCS and number of ACK/NAK sub-carriers, reference BLER operating points for both are needed. As the data target BLER is not expected to significantly vary relative to about 10%, the nominal CQI MCS and the number of ACK/NAK sub-carriers can be defined relative to the data MCS corresponding to this reference BLER of 10%. A corresponding value for the target CQI BLER may be around the mid-point of the desired range between 10% and 1%, e.g. 5%. A corresponding value for the target ACK/NAK BER can be around the mid-point of 0.01% and 1%, e.g. 0.1% or at the lower bound of 0.01%. The Table linking the data MCS to the CQI MCS and the number of ACK/NAK sub-carriers for these reference BLER values will be referred to as Data-to-CQI-A/N MCS Table. An example is shown in Table 1. The SINR point column is not needed and is only included for possibly better clarity.
Table 1: Data-to-CQI MCS Table. Associating a CQI MCS with a data MCS.

	SINR Point
	Data MCS
	CQI MCS
	ACK/NAK Sub-Carriers

	1
	MCSD1
	MCSC1
	A1

	2
	MCSD2
	MCSC2
	A2

	…
	…
	…
	…

	N
	MCSDN
	MCSCN
	AN


As the eNB scheduler may, for example, choose a data target BLER larger than 10% for a certain UE, the CQI target BLER may still remain at the desired exemplary value of 5% by specifying a lower CQI MCS than in the Data-to-CQI-A/N MCS Table. Similarly, if the eNB scheduler chooses the data MCS according to the reference target BLER, it may increase the CQI target BLER by specifying a higher CQI MCS than in the Data-to-CQI MCS-A/N Table. As this variability in the target BLERs relative to the reference ones is not expected to be very large, a few bits can be used to specify the CQI MCS offset relative to the CQI MCS in the Data-to-CQI-A/N MCS Table. For example, using 2 bits to specify the CQI MCS offset, out of the corresponding 4 offset values for the CQI MCS, one can indicate a higher MCS, two can indicate two smaller MCS, and one can indicate the nominal MCS. The same applies for the number of ACK/NAK sub-carriers. One offset value can indicate the next lower number of possible sub-carriers, one can indicate the nominal one, and the other two can indicate the next two higher numbers of sub-carriers. Figure 1 shows the application of the CQI MCS offset (the same concept applies for the number of ACK/NAK sub-carriers).
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Figure 1: Decoupling the CQI MCS from the Data MCS through an Offset in the Data-to-CQI-A/N MCS Table.
An outline of the above process is given below (only the CQI is mentioned for brevity – the same can apply for the ACK/NAK):

a) Select reference values for the data target BLER (e.g. 10%) and for the CQI target BLER (e.g. 5%). Select a set of SINR operating points.
b) For each SINR operating point, determine the highest data MCS achieving BLER equal to or smaller than the data target BLER and the highest CQI MCS achieving BLER equal to or smaller than the CQI target BLER.
c) For each SINR operating point, link the above data MCS to the above CQI MCS.

d) Configure a UE with an offset for the CQI MCS relative to its (nominal) CQI MCS. 
A reference transmitter/channel/receiver setup can be assumed such as, for example, one transmitter antenna, two uncorrelated receiver antennas, and the TU channel, together with a reference data payload. 
In summary, the following are proposed for a UE to determine the CQI MCS and/or the number of ACK/NAK sub-carriers in the PUSCH from its assigned data MCS:

a) A Table links the data MCS to the CQI MCS and the number of ACK/NAK sub-carriers in the PUSCH (Data-to-CQI-A/N MCS Table). 
b) The data target BLER, the CQI target BLER, and the ACK/NAK BER are decoupled within a range. During the configuration of UE transmission parameters, a UE is also configured an offset for the MCS it should use for the CQI transmission in the PUSCH and an offset for the number of sub-carriers it should use for the ACK/NAK transmission in the PUSCH relative to the nominal CQI MCS and the nominal number of ACK/NAK sub-carriers determined by the data MCS in the Data-to-CQI-A/N MCS Table.
3 UE Autonomous PUSCH Power Boosting/Reduction
UE autonomous PUSCH power boosting to compensate for the data coding loss when UCI is transmitted in the same sub-frame is currently an open issue [1]. Similarly, UE autonomous PUSCH power reduction to adjust for data coding gain when UCI is not included in a retransmission is also an open issue. For adaptive transmissions (with an UL grant), since as the eNB scheduler is aware of the inclusion or not in the PUSCH of either UCI or SRS or their combinations, it can select the number of RBs, the MCS, and the power adjustment (TPC command). Obviously, no UE autonomous PUSCH power boosting, or power reduction, or MCS adaptation is necessary for adaptive PUSCH transmissions.

For non-adaptive PUSCH transmissions (e.g. HARQ retransmissions), the eNB scheduler should ensure that the periodic UCI and SRS transmissions do not occur either with an initial transmission or a retransmission as the UL HARQ is synchronous. However, this may be difficult to always guarantee due to the possible differences in SRS, CQI, and PMI transmission periods. Moreover, as the DL HARQ is asynchronous, avoidance of ACK/NAK inclusion in a retransmission is even harder to ensure without additional eNB scheduler restrictions. Options for the UE behavior in such cases include:
a) No change relative to the initial transmission:

a. UCI and/or SRS are not included in the initial transmission but they are included in a non-adaptive retransmission. In this case, the Node B receiver can insert erasures to decode the data in the sub-carriers/symbols UCI and/or SRS is transmitted replacing the data transmission. The data BLER increases, due to the effective code rate increase, and the throughput decreases.
b. UCI and/or SRS are included in the initial transmission but are removed from a non-adaptive retransmission. The UE may then transmit additional bits in the sub-carriers/symbols where the UCI and/or the SRS were located in the initial transmission during the retransmission without changing the transmission power or MCS. Clearly, bandwidth and power utilization are sub-optimal.
b) Adjust transmission power and MCS:

a. UCI and/or SRS are not included in the initial transmission but they are included in a non-adaptive retransmission. The UE autonomously increases the transmission power and the data MCS to adjust for the reduction in the coding gain (unless it is a power limited UE). The new, higher, MCS is determined by the amount of inserted UCI and/or SRS. The increase in transmission power is determined by the difference in SINR required to achieve the same BLER between the initial and the new MCS and it may be limited below a maximum threshold. The MCS of the CQI transmission or the number of sub-carriers for the ACK/NAK transmission, if any, is also automatically adjusted based on the Data-to-CQI-A/N MCS Table and the configured CQI MCS offset or ACK/NAK offset for the number of sub-carriers. To address possible power limitations from a UE, the serving Node B can configure a UE whether or not to increase the power and MCS during a retransmission. Moreover, a maximum level for the power increase may also be configured.

b. UCI and/or SRS are included in the initial transmission but are removed from a non-adaptive retransmission. The UE autonomously decreases the data transmission power and MCS to adjust for the increase in the coding gain. The new MCS is determined by the amount of removed UCI and/or SRS. The decrease in transmission power is determined by the difference in SINR required to achieve the same BLER between the initial MCS and the new MCS. 
It should be noted that although HARQ may be relied upon to eventually compensate for the coding loss in case UCI and/or SRS are included in a non-adaptive retransmission, the loss in spectral efficiency remains while having an autonomous Tx power increase within the TPC range is not associated with any drawback and does not introduce any additional UE functionality. The same applies for the Tx power reduction. Moreover, a subsequent HARQ transmission may suffer from the same coding loss as the previous one.

Figure 2 illustrates this basic principle for non-adaptive data transmission (no UL grant) when UCI is also included to the PUSCH or are removed from the PUSCH.
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Figure 2: UE Autonomously Increases Data MCS and PUCSH Transmission Power when Including UCI.

In summary, the following are proposed when UCI and/or SRS are included with the PUSCH data transmission:
a) For adaptive PUSCH transmissions, the UE behavior is entirely under the eNB control and specified by the parameters in the UL grant.

b) For non-adaptive PUSCH transmissions and UCI and/or SRS inclusion in a retransmission, a non power limited UE should autonomously increase its transmission power and switch to a higher MCS for the data transmission in a predefined manner depending on the size of punctured (rate matched) data to accommodate UCI and/or SRS. The CQI MCS and the number of ACK/NAK sub-carriers are also accordingly adjusted as specified in the Data-to-CQI-A/N MCS Table and the CQI MCS offset and/or ACK/NAK sub-carriers offset configured for each UE. The eNB can configure a UE to autonomously increase its transmission power or to use the same power as for the initial transmission. The power increase can be within the limits set by TPC.
c) For non-adaptive PUSCH transmissions and UCI and/or SRS removal in a retransmission, the UE should autonomously decrease its transmission power and switch to a lower MCS for the data transmission in a predetermined manner depending on the size of the initial UCI and/or SRS signaling. 
4 Conclusions
This contribution considered the selection of the CQI MCS relative to the data MCS in the PUCSH and the issue of autonomous UE power boosting to account for the reduction in the coding rate due to UCI (or SRS) multiplexing.
In particular, the following are proposed:

a) A predetermined mapping exists between the data MCS, the CQI MCS, and the number of ACK/NAK sub-carriers in the PUSCH. To largely decouple the data target BLER from the CQI target BLER and the ACK/NAK target BER, a CQI MCS offset and an ACK/NAK sub-carriers number offset are also configured for a UE. These offset indicates whether a higher, lower, or the same MCS (CQI) or sub-carriers number (ACK/NAK), relative to the ones specified by the mapping to the data MCS, should be applied for the CQI  or ACK/NAK transmission, respectively. 
b) For non-adaptive PUSCH transmissions, if UCI and/or SRS are included in a retransmission, the UE may autonomously increase the transmission power and the data MCS in order to avoid the BLER degradation due to the associated coding loss. The CQI MCS and/or the number of ACK/NAK sub-carriers are also adjusted accordingly. 
c) For non-adaptive PUSCH transmissions, if UCI and/or SRS are removed in a retransmission, the UE may autonomously decrease the transmission power and the data MCS in order to adjust to the coding gain from the availability of more resources.
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