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1
Introduction

The Small Cell Enhancements (SCE) PHY SI has been extended till RAN#62, with one of the issues for further study is the higher order modulation (i.e. 256QAM) extensions to PDSCH operation [1]. In this contribution, we discuss the standardization impact considering the potential introduction of such a feature.

TDocs addressing the specification impact had been submitted to RAN#73 already [2,3,4] and some very first observations had been captured in the TR in [5] as



Supporting 256QAM has standards impacts on: 
· eNB Tx EVM and UE impairment in RAN4
· CQI/MCS/TBS tables 

· Mechanism for the eNB to select and inform the UE whether the new CQI/MCS/TBS tables are used

· PUCCH and PDCCH/EPDCCH design if larger UCI/DCI payload size is used.
2
Discussion
With respect to the potential introduction of higher order DL modulation, basically the main standardization impact is seen in two different areas, one is related to RAN4 performance requirements and the second related to enabling 256QAM PDSCH operation – as already pointed out in [2,3,4] and initially captured in [5]. 

2.1 eNB TX performance requirements

At the eNB side new requirements with respect to transmitter linearity need to be evaluated before specifying, impacting mainly the TX EVM of the eNB. 

The RAN4 LS in [6] indicates: 

“Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.”

There are several issues relevant with regards of potential introducing the DL 256QAM in terms of eNB operation:

1) To evaluate whether to introduce a requirement on BS EVM only for BS of 20dBm and 24dBM instead of BSs of all Tx power levels;

2) To evaluate the proper values for DL 256QAM BS EVM requirement as well as the power back-off assumed/declared; 

3) To evaluate the coverage range and system performance impact due to the power back-off needed for DL 256QAM.

4) To decide whether the other test should be configured with the Pmax or Tx Power after back-off. 

5) To discuss and define eNB test models like E-TM3.1 with power back-off applied to Pmax for DL 256QAM EVM test. 

Observation1: eNB performance requirements and test cases relevant issues with respect to lower TX EVM would need to be evaluated before specifying (RAN4 impact). 

2.2 Operation support for potential 256QAM PDSCH 
In this subsection we consider the RAN1/RAN2/RAN4/RAN5 impacts due to the potential 256QAM PDSCH support, which are related to CQI definition (incl. potential reporting effects on PUCCH), MCS/TBS tables (incl. potential effects on DCIs) as well as related higher layer signalling support to configure the UE for using CQI/MCS/TBS tables including 256QAM in DL. Moreover, related UE performance requirements and test cases need not to be forgotten. 
2.2.1 PDSCH reception impacts of potential 256QAM DL
The current DL MCS signalling is limited to 5 bits and of course currently does not contain a modulation order Qm of 8 bits as well as the related I_TBS entries. Therefore, as pointed out in [2,3,4] some new MCS table in addition to the Rel.8-11 table would be needed when potentially introducing 256QAM for PDSCH. 

Observation2: A new DL MCS table including a modulation order to Qm=8 need to be defined to support potential 256QAM PDSCH (RAN1 impact).

Basically, two basic options had been highlighted with respect to the new needed MCS table in other companies’ contributions [2,3,4]:

· Option 1: The new DL MCS table to have the same size (5bits)
· Option 1a: Totally new table entries with a larger difference between the supported spectral efficiencies covering the full SINR range

· Option 1b: New table keeping most existing MCS entries, but replace some MCS to add the 256QAM entries
· Option 2: The new DL MCS table to be an extended version of the current MCS table with larger size (5bits ( 6 bits)
· Option 2a: Totally new table entries with a smaller difference (compared to legacy) between the supported spectral efficiencies covering the full SINR range

· Option 2b: Use all the existing MCS entries and add a few 256QAM specific entries on top (not using all the potential entries)
Comparing the basic two options 1 & 2 as also pointed out by other companies [2,3,4], in case a larger MCS table is to be defined for the potential support of DL 256QAM then new DCIs (with different size) carrying the MCS information will need to be defined (having a direct standards impact). This might in addition lead to slightly deteriorated decoding DCI performance [3]. For high SINR operation points where 256QAM would potentially be used this does not really matter as pointed out in [3]. But as a single large MCS table would be used for a UE supporting 256QAM independently of its SINR operation point, in low SINR area this might will result in worse DCI decoding performance.

Observation 3: A larger (6bit) MCS table would require the definition of new, larger DCI formats resulting in worse DCI decoding performance (RAN1 impact).
Also changes to the TBS tables will be needed in order to support potential higher-order downlink modulation enhancements. 

· For Options 1a & 2a (i.e. different supported spectral efficiency values compared to Rel.8) new, additional tables with different entries compared to the existing tables in TS 36.213 will be needed. 

· For options 1b or 2b, the current table could be just extended by a few new I_TBS values (I_TBS>26).

Observation 4: New or at least extended TBS tables will be needed to support potential 256QAM PDSCH enhancements (RAN1 impact)

For all the options on MCS/TBS, the UE will need to be made aware by the eNB through higher-layer signalling, which MCS/TBS table(s) the eNB is using in the DCI signalling. For Options 2a & 2b requiring a larger DCI size the UE would then in addition look for a DCI with a slightly larger size. 

Observation 5: Higher layer signalling will be needed to inform the UE if the potential 256QAM PDSCH operation is active (RAN2 impact)

Finally, UE supporting 256QAM reception will also need to be tested if their demodulation and decoding performance is adequate. 
Observation 6: New UE demodulation requirements would need to be specified in RAN4 followed by the relevant test cases in RAN5 for UEs supporting this potential feature.

2.2.2 CQI feedback impact of potential 256QAM DL
In contrast to MCS/TBS, there is no absolute need to make changes to CSI feedback for the potential support of 256QAM DL modulation. Although the CQI feedback might not contain any 256QAM related entries, the eNB is free in its decision to apply 256QAM DL modulation on PDSCH for a 256QAM capable and configured UE. This operation is not so much in the spirit of LTE but may be considered if the specification and implementation effort in the required support of this potential feature is to be minimized. 

With this simplistic approach no new CQI table would be needed (no RAN1 impact), no additional higher-layer signalling would be required to distinguish between Rel. 8 and “256QAM” CQI tables (no RAN2 impact) and no additional CSI performance requirements would be needed (no RAN4 & RAN5 impact).

Observation 7: Changes to the CQI definition are not absolutely required which would minimize the RAN1, RAN2, RAN4 and RAN5 impacts as well as the related implementation efforts through the potential introduction of DL 256QAM.

Therefore, any CQI enhancements in order to support the potential 256QAM feature need to be considered as an additional optimization!

2.2.2.1 Optional CQI enhancements for the potential support of 256QAM PDSCH

Contributions [2,3,4] considered modifications to the CQI definition in the spirit of LTE Rel. 8 in order to optimize the CSI performance. Similarly as for the MCS, the same options on how to create the new CQI exist than discussed above for the MCS tables:

· Option 1: The new CQI table to have the same size (4bits)
· Option 1a: Totally new table entries with a larger difference between the supported spectral efficiencies covering the full SINR range

· Option 1b: New table keeping existing CQI entries, but replace remove some CQI entries with 256QAM entries
· Option 2: The new CQI table to be an extended version of the current CQI table with larger size (4bits ( 5bits)
· Option 2a: Totally new table entries with a smaller difference (compared to legacy) between the supported spectral efficiencies covering the full SINR range

· Option 2b: Use all the existing CQI entries and add a few 256QAM specific entries on top (not using all the potential entries)
In case of new CQI definitions are defined to support 256QAM DL modulation to optimize the operation, it is important that the different options for MCS discussed above and CQI in this section need to be chosen in the same way in order to be consistent and to enable an appropriate CSI performance requirement definitions in RAN4.

Observation 8: For CQI optimized operation of potential 256QAM DL modulation, the design of the potential optional CQI table and the required MCS table supporting 256QAM cannot be done independently. The same design philosophy would need to be applied.

As for the MCS, the same issues apply also here if CQI enhancements optimizing the operation are to be considered. In case the new enhanced 26QAM CQI table is larger (5bits instead of 4bits), a larger PUCCH format will need to be used to carry the CSI information. And higher-layer signalling would be needed in order to enable a consistent understanding of the CSI reported by the UE at the eNB. In terms of new CSI performance requirements there is of course the above mentioned RAN4/RAN5 impact.

These points can be summarized in the following four observations for the optional CQI enhancements for optimized operation:

Observation 9: For CQI optimized operation of potential 256QAM DL modulation, a new CQI table including 256QAM would need to be defined (RAN1 impact).

Observation 10: For CQI optimized operation of potential 256QAM DL modulation, a larger (5bit) CQI table would require the definition of new larger PUCCH format(s) (RAN1 impact).

Observation 11: For CQI optimized operation of potential 256QAM DL modulation, higher layer signalling would be needed to inform the UE to use CSI reporting including 256QAM CQIs (RAN2 impact). This signalling could be done jointly with the indication of DL 256QAM operation by the eNB (i.e. indicating the MCS/TBS).

Observation 12: For CQI optimized operation of potential 256QAM DL modulation, new CSI feedback requirements would need to be specified in RAN4 followed by the relevant test cases in RAN5 for UEs supporting this feature.

3
Conclusion

In this contribution, we analysed the standard impact when introducing 256QAM operation. 

Based on the discussion in this contribution the minimum specification impact is given by RAN4 eNB requirements, PDSCH scheduling and demodulation which can be summarized in the following observations:

· Observation1: eNB performance requirements and test cases relevant issues with respect to lower TX EVM would need to be evaluated before specifying (RAN4 impact). 

· Observation2: A new DL MCS table including a modulation order to Qm=8 need to be defined to support potential 256QAM PDSCH (RAN1 impact).

· Observation 3: A larger (6bit) MCS table would require the definition of new, larger DCI formats resulting in worse DCI decoding performance (RAN1 impact).
· Observation 4: New or at least extended TBS tables will be needed to support potential 256QAM PDSCH enhancements (RAN1 impact)

· Observation 5: Higher layer signalling will be needed to inform the UE if the potential 256QAM PDSCH operation is active (RAN2 impact)

· Observation 6: New UE demodulation requirements would need to be specified in RAN4 followed by the relevant test cases in RAN5 for UEs supporting this potential feature.

The discussions in this document show that CQI enhancements for the potential 256QAM PDSCH support are not absolutely required:

· Observation 7: Changes to the CQI definition are not absolutely required which would minimize the RAN1, RAN2, RAN4 and RAN5 impacts as well as the related implementation efforts through the potential introduction of DL 256QAM.

If CQI optimized operation is nevertheless to be considered, the following specification impact would be present considering the potential introduction of 256QAM PDSCH:

· Observation 8: For CQI optimized operation of potential 256QAM DL modulation, the design of the potential optional CQI table and the required MCS table supporting 256QAM cannot be done independently. The same design philosophy would need to be applied.

· Observation 9: For CQI optimized operation of potential 256QAM DL modulation, a new CQI table including 256QAM would need to be defined (RAN1 impact).

· Observation 10: For CQI optimized operation of potential 256QAM DL modulation, a larger (5bit) CQI table would require the definition of new larger PUCCH format(s) (RAN1 impact).

· Observation 11: For CQI optimized operation of potential 256QAM DL modulation, higher layer signalling would be needed to inform the UE to use CSI reporting including 256QAM CQIs (RAN2 impact). This signalling could be done jointly with the indication of DL 256QAM operation by the eNB (i.e. indicating the MCS/TBS).

· Observation 12: For CQI optimized operation of potential 256QAM DL modulation, new CSI feedback requirements would need to be specified in RAN4 followed by the relevant test cases in RAN5 for UEs supporting this feature.
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