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1 Introduction
The potential of introducing higher order modulation for increasing the spectral efficiency in small cell deployments is currently under discussion within RAN1 under the Small Cell Enhancements Study Item [1]. Several companies have shown during RAN1#75 [2] that the support of higher order modulation (i.e. 256QAM) for PDSCH transmissions can provide significant performance gains taking into account suitable TX and RX EVM requirements as proposed by RAN4 [3], at least for SCE scenarios 2b and 3.Based on the observed benefits, we support the introduction of 256QAM for downlink transmissions. The next step is therefore to investigate the specification impact of introducing 256QAM.
In this contribution, we discuss how the introducing 256QAM for PDSCH transmissions affects the control signalling in terms of MCS indication within the DCI and uplink CQI reporting.
2 Discussion on Control Signalling
The support of 256QAM for PDSCH transmissions requires certain adaptations of the control signalling. The important aspects are here that the use of 256QAM in combination with a certain code rate can be indicated by the eNB to the UE and that the UE can inform the eNB about corresponding channel conditions in terms of CQI reporting. The details of both aspects of control signalling are discussed in the following.  

2.1 Downlink MCS Indication
The modulation and coding scheme that is used for transmitting a PDSCH is indicated within the MCS field of the DCI. The current DCI field has a fixed length of 5 bits independent of the applied transmission mode which corresponds to 32 code points. In order to support a new modulation order, i.e. 256QAM, an adaptation of the MCS field is required. Two basic options can be considered for such an adaptation. The first one is a simple extension of the MCS field by one bit which results in an overall set of 64 code points for indication of modulation order and code rate. The second option addresses the usage of the existing 32 code points in a sense that certain code points previously used for low order modulation will be used for indicating 256QAM transmissions. The current Rel-11 MCS field interpretation (MCS table) covers approximately the SINR range between -7 dB and 20 dB with more or less equidistant sampling (approximately 1 dB steps) which is sufficient for covering the expected SINR fluctuations of most UEs in typical deployment scenarios. 
Extending the MCS field in the DCI by one bit (which corresponds to doubling the size of the MCS table) yields a doubling of the covered SINR range as well, if the equidistant sampling property is kept. At least the sampling of the currently existing MCS entries should not be modified to simplify the implementation at eNB and UE. With extended equidistant sampling, the SINR range would then approximately cover 54 dB between -7 dB and 47 dB as presented in in Figure 1 which shows the SINR distribution of a typical small cell centre UE in a SCE Scenario 2a. Obviously, such extremely high SINR levels will most probably not be experienced by typical UEs even in indoor deployments consisting of isolated small cells without significant interference since SINR limitations due to both TX and RX EVM constraints have to be taken into account as well.
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Figure 1: MCS range extension

Extending the MCS field has also the effect that the DCI size will be increased, which in general results in a reduced robustness of the transmitted DCI. Even if the DCI size is just increased by a single bit (or two in case of two multi-layer transmissions where two MCS fields are used within the DCI), it has to be considered carefully where such a DCI format extension is really required. It might also be possible to reuse a certain bit of the DCI format for extending the MCS field size without enlarging the DCI, but this would reduce the degree of freedom in PDSCH allocation and is therefore not preferred.
Keeping the size of the MCS field within the DCI fixed has the advantage that the DCI robustness is not affected, while a reinterpretation of the MCS code points is required. A reasonable assumption is in that sense that UEs that are candidates for PDSCH transmissions with 256QAM will experience in general good or very good average SINR levels. This means that not the whole set of QPSK code rates for robust PDSCH transmissions will be required for those UEs. The corresponding code points of the DCI field could instead be used for 256QAM. Such an approach can be interpreted as shifting the SINR range that is covered by the code points of the MCS field.  n order to make efficiently use of such an approach, it would be most beneficial to inform UEs about the valid MCS field interpretation with respect to the used MCS table in an UE specific manner. 
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Figure 2: Complete MCS range shift
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Figure 3: MCS range shift with the exception of at least one MCS level for robust transmissions
Figure 2 shows an example for the shifted SINR range for a UE that supports 256QAM. It can be seen how the proper shift covers the better part of the experience SINR range. However, it could be argued that the transmission with a very robust modulation and coding scheme should still be supported even if the probability for such an event very low. That means that it seems to be reasonable to keep at least one QPSK entry even in case of high average SINR levels. The effect is shown in Figure 3.

The configuration of the MCS filed interpretation within the DCI should be configured semi-statically by higher layer signalling. That degree of flexibility is expected to be sufficient for small cell scenarios with rather low UE mobility.  
Another important aspect which has to be taken into account is the TBS table design. In order to achieve high spectral efficiencies with 256QAM, it is required that the set of supported transport block sizes, and hence the number of rows in the TBS table, is extended. The use of 256QAM as modulation scheme would not be beneficial if larger transport block sizes cannot be used. Proper extensions or reuse strategies for the current TBS table have to be discussed. One possible discussion topic is whether the values in new entries are only one set for 256QAM or selected from several possibilities by RRC signalling. The important question is here, how many and which code rates should be supported for 256QAM. This determines at the end also the SINR range that can be covered by the MCS field within the DCI.
Regarding the supported transmission modes, we do not see the need for introducing a certain new transmission mode that supports 256QAM. The possibility of using corresponding MCS and CQI adaptations should be independent of the transmission mode.
Based on the discussion we draw following conclusions:

Proposal 1: The MCS field in the DCI should not be extended in order to minimize the impact on specification and robustness of downlink control signalling.
Proposal 2: The MCS field interpretation should be configured semi-statically by means of higher-layer signalling.

Proposal 3: A certain number of QPSK MCS levels should be replaced by 256QAM MCS levels in the MCS field interpretation that supports 256QAM, but at least one QPSK MCS level should be kept for robust transmissions.
Proposal 4: The TBS table should be extended in order to support larger transport block sizes for PDSCH transmissions with 256QAM.

2.2 Uplink CQI Reporting

In the same way as the MCS field interpretation should cover the SINR range typically experienced by an UE, the CQI table should cover the corresponding SINR range as well. If the CQI reporting does not provide sufficient accuracy in terms of granularity and range, the modulation and coding schemes covered by the MCS field interpretation cannot be used efficiently. 

As discussed for the downlink MCS indication, there are basically two corresponding options for the uplink CQI reporting as well. The CQI field could either be extended in order to increase the covered SINR range, or the field size could be kept in combination with a modified code point interpretation in order to cover a shifted SINR range. 
Another aspect about CQI reporting is differential CQI offset and the corresponding table design. Whether reusing the current differential CQI offset table is sufficient or whether it should be adapted requires further discussion and evaluation. Corresponding to the MCS field interpretation it might however make sense to keep at least one CQI for a low SINR levels even in case of shifting the reporting range to higher SINR levels. That approach is beneficial for allowing reporting of low SINR levels even in case of high average SINR levels. But on the other hand, it may impact the differential CQI offset accuracy as the SINR gap between some CQI values become large.
Extending the SINR range for the CQI reporting would mean that the CQI payload would have to be increased from four to five bits, which would require the definition of new larger PUCCH formats and yield a reduced robustness. Keeping the CQI filed size would not affect the robustness of uplink control signalling. The shift of the SINR range that is covered by the CQI field could be configured semi-statically per UE which is expected to be sufficient in typical small cell scenarios with low mobility.  Based on the discussion we draw following conclusions:

Proposal 5: The CQI field should not be extended in order to minimize the impact on specification and robustness of uplink control signalling.

Proposal 6: The CQI field interpretation should be configured semi-statically by means of higher-layer signalling.

Proposal 7: A certain number of QPSK CQI levels should be replaced by 256QAM CQI levels in the CQI field interpretation that supports 256QAM, but at least one QPSK QCI level should be kept for low SINR indication.

Proposal 8: MCS and CQI field interpretation should be linked to each other in the sense that higher layer signalling is used for semi-static configuration of a certain combination of MCS and CQI field interpretation
Proposal 9: The impact on the differential CQI offset should be discussed.
3 Conclusion
In this contribution we discussed the specification impact of introducing higher order modulation (i.e. 256QAM) for PDSCH transmissions. Based on the discussion we propose the following: 

Proposal 1: The MCS field in the DCI should not be extended in order to minimize the impact on specification and robustness of downlink control signalling.

Proposal 2: The MCS field interpretation should be configured semi-statically by means of higher-layer signalling.

Proposal 3: A certain number of QPSK MCS levels should be replaced by 256QAM MCS levels in the MCS field interpretation that supports 256QAM, but at least one QPSK MCS level should be kept for robust transmissions.
Proposal 4: The TBS table should be extended in order to support larger transport block sizes for PDSCH transmissions with 256QAM

Proposal 5: The CQI field should not be extended in order to minimize the impact on specification and robustness of uplink control signalling.

Proposal 6: The CQI field interpretation should be configured semi-statically by means of higher-layer signalling.

Proposal 7: A certain number of QPSK CQI levels should be replaced by 256QAM CQI levels in the CQI field interpretation that supports 256QAM, but at least one QPSK QCI level should be kept for low SINR indication.

Proposal 8: MCS and CQI field interpretation should be linked to each other in the sense that higher layer signalling is used for semi-static configuration of a certain combination of MCS and CQI field interpretation. 

Proposal 9: The impact on the differential CQI offset should be discussed.
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