
3GPP TSG RAN WG1#75
R1-135472
San Francisco, USA, 11th – 15th November 2013
Agenda Item:
6.2.6.1
Source:
LG Electronics
Title:

Specification impact on DL signalling for 256QAM support
Document for:
Discussion
1 Introduction
According to the agreement in the last RAN#61 meeting [1], RAN1 should study following topics: 

· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In last RAN1#74bis meeting, there was conclusion regarding the higher order modulation as follows [2]:


Companies are recommended to investigate specification impact until RAN1 #75 meeting 

In this contribution, we discuss specification impact on downlink signaling for 256QAM support in downlink.
2 Specification impact on downlink signalling
2.1 MCS index in DCI format

Current specification supports QPSK, 16QAM, and 64QAM in downlink. The MCS index is represented by 5 bits per codeword in downlink DCI formats. As shown in companion contribution [3], the operating SNR range of 256QAM may attain up to about 25.5 dB. To fully cover the operating SNR range of 256QAM, it is required to modify MCS index in downlink DCI formats. There may be two options to indicate 256QAM in downlink DCI formats:

· Option 1: MCS table with 5-bit MCS index
· Option 2: MCS table with 6-bit MCS index
2.1.1 Option 1: MCS table with 5-bit MCS index
In this option, several IMCS indices will be replaced for IMCS indices for 256QAM. Simple example would be to take the lower MCS indices for 256QAM ones and would result in shifting the operating SNR to higher SNR. Depending on the CQI table design, existing IMCS indices may be replaced with ones for 256QAM. The replaced MCS levels and TBS indices mapped to stolen MCS indices could not be supported. Since optimal TB size may not be assigned, inefficient resource utilization and performance degradation would be expected. As another possibility, IMCS indices may be re-defined to fully cover the operating SNR range of 256QAM with a larger granularity. However, it may result in performance degradation of larger quantization error. In case of option 1, the size of DCI is not changed and the same coverage of PDCCH/EPDCCH can be maintained as in Rel’11.
2.1.2 Option 2: MCS table with 6-bit MCS index
In this option, several IMCS indices will be added to the current set of IMCS indices and TBS indices mapped to newly added IMCS indices will also be added to the current set of ITBS indices. Depending on the CQI table design, existing IMCS indices and ITBS indices may be replaced with ones for 256QAM. Then, the operating SNR range for 256QAM can be fully covered. Increase of 1 bit in IMCS will give additional 32 IMCS indices for 256QAM. Even if it should be investigated further how many IMCS indices are required to support 256QAM, many reserved IMCS indices would be expected after allocating IMCS indices for 256QAM. The increase in the size of DCI will result in higher coding rate of DCI coding and may impact on the coverage of PDCCH/EPCCH. However, the coverage impact of PDCCH/EPDCCH may not be significant because an UE with 256QAM capability may be configured to operate in favourable channel condition. 
Proposal 1: The size of MCS field in DCI for 256QAM should be investigated between 5 bits and 6 bits.

2.2 Mapping of MCS index to TBS index

According to current specification, MCS index is mapped to TBS index to determine the transport block (TB) size. In general, it is desirable to apply the same design principle as in Rel’8 as much as possible. Firstly, more than one IMCS can be mapped to the same TBS index (ITBS) when a modulation scheme transition 64QAM to 256QAM would happen. In addition, one additional ITBS index should be reserved to indicate 256QAM in case of HARQ retransmission. Since 256QAM support will give higher spectral efficiency, new ITBS indices (e.g., ITBS > 26) may be required to indicate larger TB sizes. Therefore, a new mapping between IMCS index and ITBS index is required to support 256QAM in downlink.
Proposal 2: New mapping between IMCS index and ITBS index is required to support 256QAM.
2.3 TB size table
It is very straightforward to define new TB sizes to support 256QAM in downlink. It is desirable to adopt similar design principle [4][5][6] as in Rel’10 as much as possible. It is clear that introduction of 256QAM gives impact on the peak rate in downlink transmission. For example, when we assume that 4 transmit antennas and 1 OFDM symbol for PDCCH in the system bandwidth of 100 RB, the maximum TB size for single layer transmission should be less than 101184 bits assuming the maximum coding rate of 0.93. Then, we can achieve 100 Mbps of peak rate for single layer transmission.
2.4 Configurability of 256QAM use
As described in previous sections, some modification in downlink DCI formats or mapping tables are required to support 256QAM in downlink. It is required for eNB to indicate the use of 256QAM to an UE with 256QAM capability.

Proposal 3: eNB indicates the use of 256QAM to an UE with 256QAM capability.
3 Conclusions

In this contribution, we discussed the specification impact on downlink signalling aspects for 256QAM support in downlink. We discuss design options on MCS/TBS signalling and propose following points:
Proposal 1: The size of MCS field in DCI for 256QAM should be investigated between 5 bits and 6 bits.

Proposal 2: New mapping between IMCS index and ITBS index is required to support 256QAM.

Proposal 3: eNB indicates the use of 256QAM to an UE with 256QAM capability.
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