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1 Introduction
In RAN1 #76bis meeting, the following agreements were reached on the design of Modulation / TBS index and TBS tables to support 256QAM in the LTE downlink [1]:

	· 256QAM is supported for up to 8-layer PDSCH transmissions

· TBS table

· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency

· Use 136 REs per PRB for the highest spectral efficiency

· Limit the number of new TBS values as much as possible

· DCI format 1A and DCI format 1C are associated with the legacy MCS table, i.e., not supporting 256QAM PDSCH scheduling

· For all other DCI formats scheduling PDSCH, 256QAM can be supported

· 256QAM PDSCH scheduling is only supported for C-RNTI based PDSCH transmissions

· FFS whether or not 256QAM is supported for PMCH transmissions

· MCS Table

· 7 explicit MCS entries for 256QAM

· As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions)

· Revisit if significant issues are found


In addition, two alternatives for 256QAM MCS ordering in modulation and TBS index table were proposed:

	· Alt 1: For 256QAM Modulation and TBS index table keep the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table

· Alt 2: For 256QAM Modulation and TBS index table, the MCS indices are ordered based on spectral efficiency


In this contribution we provide our views on the remaining open issues related to the design of Modulation / TBS index table to support 256QAM.
2 Discussion
MCS indexing in Modulation and TBS index table

256QAM for transmission is expected to be configured at the UE using RRC signaling, which implies some uncertainty period after successful reception of RRC reconfiguration message. More specifically, according to Section 11 of [2], a UE after RRC reconfiguration is required to change the configured parameter in 15ms. However, since the eNB does not know the exact timing when the UE changes the parameters, the eNB should wait for a confirmation from the UE whether the UE has applied the relevant configuration or not. Since meaning of the MCS entries and TBS table for eNB and UE could be different, a PDSCH transmission may not be possible during this period of time.  
It should be noted that enabling of 256QAM modulation typically increases power consumption in analog circuits and overall at the UE (for example, to improve the phase noise of an oscillator by 6dB usually requires 4 times more current). On other hand, if in a given time there is no demands to transmit high data rate downlink traffic, it should be a reasonable assumption that eNB is likely to disable 256QAM at the UE to save the power, even SINR conditions remains the same. Considering that traffic pattern could change rapidly, we could observe a relatively frequent use of RRC reconfiguration for 256QAM. 
Observation 1: 

· RRC reconfiguration of 256QAM is expected to be relatively frequent to address the power consumption issues at the UE.
One possible way to handle RRC ambiguity period is to always assume the conventional MCS and TBS index table when PDSCH transmission is scheduled by DCI format 1A. However, this approach constraints PDSCH transmissions to single layer with the transmit diversity during configuration, which is a highly inefficient mode of operation for 256QAM UEs typically having very high SINRs suitable for transmissions with multiple spatial layers. Therefore, the design of MCS and TBS index table should still consider RRC ambiguity handling as one of the design criteria.
It should be noted that RRC configuration ambiguity issue has been already considered in LTE specifications before. In particular, in RAN1#62 meeting it was agreed to design a carrier aggregation ACK/NACK mapping table for Format 1b with channel selection with consideration of RRC ambiguity handling as one of the design criteria. 

	…

· Mapping table design shall optimize the performance for 2 CCs, wrt

· Required SNR to meet ACK/NAK performance requirements

· Implicit Rel-8 resource utilization

· Ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance will be considered. 
· Overlapping states shall be avoided


As a result, the ACK/NACK design could handle the RRC ambiguity during configuration of the component carrier. 
Another example of RRC ambiguity handling defined in LTE would be PUCCH format 1a/1b fallback for a UE configured with carrier aggregation and with PUCCH format 3 when a single PDSCH is received in the primary cell only. Then PUCCH format 1a/1b fallback could be used during RRC ambiguity period (e.g. during change of configuration from CA to non-CA).

Based on the discussion above the following observation can be made.

Observation 2: 
· RRC ambiguity handling should be considered for the MCS and TBS table design.
· RRC reconfiguration ambiguity has been considered in Rel-10 carrier aggregation as a design criterion for ACK/NACK mapping table with channel selection and for PUCCH format 1a/1b fallback for a UE configured with carrier aggregation and with PUCCH format 3. 

A simple and efficient remedy for the RRC ambiguity problem in MCS and TBS index table is to make the MCS indices the same for the common MCSs between the legacy and the new tables. With this approach, the number of MCSs that eNB can still choose during an ambiguity period is e.g., 25 (out of 32). Most of them are higher order MCSs. 
Observation 3:

· Keeping the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table (i.e. Alt. 1) helps to minimize impact of RRC reconfiguration ambiguity. 
In terms of specification impact the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table is also preferable, because it can minimize the specification impact comparing to another possible alternative of MCS ordering in accordance to the spectral efficiency.  The potential specification impacts for two alternatives are illustrated in Figure 1 and Figure 2.

	7.1.7.1
Modulation order determination

…

If 256QAM is configured on a given serving cell and DCI CRC is scrambled by C-RNTI the UE shall use
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and Table 7.1.7.1-1 except for 
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 equal to 1, 3, 5, 7, 9, 10, 17 where Table 7.1.7.1-1A shall be used to determine the modulation order (
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) used in the physical downlink shared channel.

Table 7.1.7.1-1A: Modulation and TBS index table for PDSCH
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Figure 1. Potential specification impact for alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table 
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and Table 7.1.7.1-1A to determine the modulation order (
[image: image8.wmf]m

Q

) used in the physical downlink shared channel.

Table 7.1.7.1-1A: Modulation and TBS index table for PDSCH
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Figure 2. Potential specification impact for alternative that orders MCS indices in accordance to the spectral efficiency 

Observation 4:

· Specification impact of the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table is smaller than that of the alternative that orders MCS indexes in accordance to the spectral efficiency. 

The special ordering of the MCS and TBS index for 256QAM also could reduce the UE complexity associated with storage of the MCS tables. For instance, with the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table, in principle, UE needs to store only new 256QAM entries instead of the whole new table. Based on the discussion above the following observation can be made.
Observation 5:

· UE complexity (memory requirements) could be less for the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table. 

Based on the observations above we propose the following option for ordering of the MCS and TBS indices. 
Proposal 1:

· Keep the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table (i.e. Alt. 1). 
Overlapping spectral efficiency

The benefit of overlapping spectral efficiency of different modulations should not be significant if the channel is low frequency-selective and time-selective which is the main scenario of interest for 256QAM [3]. As long as one of the modulations in each overlapping region is wisely selected, the performance loss from removing one of the modulations could be marginal. For instance, the simulation results in [4] show that the performance gap between 64QAM and 256QAM in EPA-5Hz channel is not significant in most of the studied cases once the modulation scheme is appropriately selected. Therefore, taking into account the fact that the new table should support a wider range of TBS sizes without increasing the table size, it would be beneficial to remove the overlapping region so that we can minimize the number of TBS indices that should be removed. Since low frequency-selective channel is the main scenario of interest, it seems reasonable to remove the higher modulation in each overlapping region, i.e., remove IMCS = 10 and IMCS = 17.  

Proposal 2: 

· Remove the higher modulation in each overlapping region, i.e., remove IMCS = 10 and IMCS = 17.   

Transport block size determination for PDSCH associated with P-RNTI, RA-RNTI and SI-RNTI  
In LTE for PDSCHs associated with P-RNTI, RA-RNTI and SI-RNTI, UE should assume QPSK modulation and ITBS equal to IMCS. If UE receives DCI format 1A with LSB of TPC command for PUCCH (2bits) is 0, 
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in Table 7.1.7.2.1-1 of TS36.213 is selected in accordance to 
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. Therefore, only the columns for 
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=2 and 
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=3 are used for PDSCH referenced by SI-RNTI, RA-RNTI or SI-RNTI. Since in Rel-8, the TBS indices are limited to the range of 0-26, IMCS ≥ 27 will not be used at the eNB for such PDSCH transmissions. Under this assumption, if a UE detects a DCI Format 1A CRC scrambled by P-RNTI, RA-RNTI, or SI-RNTI and IMCS ≥ 27, the UE by implementation should ignore the corresponding DCI. 
With introduction of the 256QAM, the range of TBS indices will be increased, e.g. to 0-32 range. It would make IMCS ≥ 27 indices meaningful for PDSCH transmissions scheduled by P-RNTI, RA-RNTI and SI-RNTI. However, given that such PDSCH transmissions can be shared by multiple UEs, including those not supporting 256QAM, such assumption on IMCS is not desirable. Therefore, the following proposal can be made:
Proposal 3:

· UE should not expect PDSCH with DCI Format 1A CRC scrambled with P-RNTI, RA-RNTI or SI-RNTI with 
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256QAM support for PMCH transmission
In LTE the MCS for PMCH transmission is configured by RRC using dataMCS-r9 field. 

PMCH-Config-r9 ::=




SEQUENCE {


sf-AllocEnd-r9





INTEGER (0..1535),


dataMCS-r9






INTEGER (0..28),


mch-SchedulingPeriod-r9


ENUMERATED {











rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024},


...

}

If the 256QAM MCS/TBS table is configured to a UE, some of the MCS entries in the legacy MCS/TBS table would be replaced by the entries with 256QAM entries. Since support of 256QAM is an optional feature at the UE and 256QAM would not be feasible in many of macro cell deployment scenarios, use of 256QAM for PMCH transmission would be problematic. Therefore, legacy MCS/TBS table should be assumed for PMCH demodulation at the UE regardless of 256QAM configuration.

Proposal 4:

· 256QAM is not used for PMCH transmissions. UE should always assume the legacy MCS/TBS table for PMCH demodulation.

3 Summary

In this contribution we have provided our views on the remaining details of Modulation / TBS index table to support 256QAM. The following observations have been made:
· RRC reconfiguration of 256QAM is expected to be relatively frequent to address the power consumption issues at the UE.
· 
RRC ambiguity handling should be considered for MCS and TBS table design.
· RRC reconfiguration ambiguity has been considered in Rel-10 carrier aggregation as a design criterion for ACK/NACK mapping table with channel selection and for PUCCH format 1a/1b fallback for a UE configured with carrier aggregation and with PUCCH format 3.

· Keeping the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table (i.e. Alt. 1) helps to minimize impact of RRC reconfiguration ambiguity. 
· Specification impact of the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table is smaller than that of the alternative that orders MCS indexes in accordance to the spectral efficiency. 

· UE complexity (memory requirements) could be less for the alternative that keeps the MCS indices the same for the entries which are preserved from Rel-8 Modulation and TBS index table. 

Based on this observation the following proposal on the ordering of new a 256QAM entries was made:

· Keep the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table (i.e. Alt. 1). 
For the remaining details the following proposals were made:
· Remove the higher modulation in each overlapping region, i.e., remove IMCS = 10 and IMCS = 17.   

· UE should not expect PDSCH with DCI Format 1A CRC scrambled with P-RNTI, RA-RNTI or SI-RNTI and 
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· 256QAM is not used for PMCH transmissions. UE should always assume the legacy MCS/TBS table for PMCH demodulation.

References
[1] Chairman’s notes, RAN1 #76bis meeting, Shenzhen, China, March, 2013.
[2] TS 36.331, Radio Resource Control (RRC), v.12.1.0, March 2014.

[3] RP-132073, “New WI proposal: Small cell enhancements - Physical layer aspects”, Huawei, CATR, HiSilicon, 3GPP TSG RAN#62, December, 2013.
[4] R1-141151, “CQI Table for 256QAM Support”, Intel Corporation, 3GPP TSG RAN WG1 Meeting #76bis, Shenzhen, China, March 31st – April 4th, 2014.
PAGE  
1/6

_1461141919.unknown

_1461141925.unknown

_1461141922.unknown

_1460192492.unknown

_1461093484.unknown

_1459952082.unknown

