3GPP TSG-RAN WG1 Meeting #76
R1-140650
Prague, Czech Republic, 10th – 14th February 2014
Agenda item:
7.2.4.1
Source:
InterDigital
Title:
Design considerations for 256QAM
Document for:
Discussion
1
Introduction

A SI on small cell enhancements was recently concluded [1]. One of the enhancements under study in the SI is improved spectrum efficiency by introducing higher order modulation (HOM), i.e. 256QAM, in downlink transmissions.  A new WI on physical layer aspects of small cell enhancements [2] was approved at RAN#62. The physical layer small cell WI has in scope to “specify the mechanisms for small cell enhancements in physical layer, to improve the spectrum efficiency for the UEs experiencing high geometry or low frequency-selective and time-selective fading channel, and to ensure the efficient operation of networks with small cell layers composed of small cell clusters, taking into account of the study documented in 36.872”. For HOM, the WI states:
· Spectrum efficiency enhancement with introduction of higher order mpodulation, i.e. 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
In this contribution we discuss CQI and MCS tables to enable the use of HOM. Furthermore, we discuss the effect of CRS interference on the performance of HOM.
2
CQI and MCS Table Design
Based on the outcome of SI discussions, the WI already stipulates that the size of the CQI feedback and MCS indication fields is kept the same as before. This essentially means that any new set of MCS or CQI tables to support 256QAM is constrained to the same size as original tables. Based on this starting point, the remaining aspects of the design may be progressed by answering the following inter-related questions:
· Whether legacy tables can still be used by a UE supporting 256QAM, and under which conditions

· Whether a new CQI or MCS table supporting 256QAM still contains a set of values corresponding to low SINR conditions
On the first question, it would be possible in theory to completely prevent the use of legacy tables by a UE by tying the use of a table to its capability, but this would prevent this UE from operating in a network not supporting the feature. Thus, the use of new tables should at least be configurable in a semi-static manner (RRC) for both CQI and MCS. The possibility of using legacy tables also has the benefit of making possible fallback to non-HOM operation when propagation conditions do not warrant it.
The answer to the second question may be different between CQI and MCS. The CQI can be seen as a relatively coarse indication of channel quality which is anyway expected to be fine-tuned by link adaptation at the scheduler. According to this it would appear more important that the UE be capable of reporting channel quality over a large range of values than reporting channel quality with high accuracy. From a design perspective, this implies that if the highest relevant value of channel quality is higher than in the legacy table and the number of entries in the table remains the same, then it would be preferable to keep the lowest value of the table to the same as the legacy one and increase the interval between values.
Proposal 1: Design of the CQI table for 256QAM is according to the following principles:

· Lowest CQI value corresponds to lowest value of legacy table

· Highest CQI value increased to support 256QAM

· Uniform scaling of intermediate values (resulting in coarser granularity than legacy table)

In the case of MCS, increasing the interval between successive entries of the table may potentially have some performance impact because there is no mechanism allowing a UE to use intermediate values between entries. Because of this, it may be preferable that the MCS table be designed with a granularity comparable to that of the legacy table in the region around the expected operation point for HOM, i.e. the region corresponding to higher MCS. Given that the number of entries of the table is the same as the legacy table, this design implies coarser granularity for the region corresponding to lower modulation orders. For instance, one could use the lowest value or a few low values of the table to cover the lower MCS range, and use the remaining values (starting from a moderately high MCS) to cover the higher modulation orders with a fine granularity. This approach would provide optimum performance in the expected MCS operation region while providing some protection from sudden changes of channel quality that would require use of lower MCS.
Another possibility could be to allow the UE to continue using the legacy table when receiving an assignment from DCI format 1A. This would provide a fallback mechanism in case of sudden channel quality degradation, thus alleviating (or eliminating) the need for utilizing entries of the new table to cover the lower MCS region. A side benefit is that it would prevent ambiguity when there is a change of table in a reconfiguration.

Proposal 2: Design of the MCS table for 256QAM is according to the following principles:

· Most entries are used to cover the higher MCS range (with granularity similar to legacy table)

· Reserve one or a few values to cover the lower MCS range
Proposal 3: Consider maintaining use of legacy MCS table when assignment is received from DCI format 1A.

3
Mitigation of Uneven Error Probability
Small cell scenarios with large and dense clusters of small cells can be victim of greater CRS interference than less dense or homogeneous deployments.  In such dense deployments of small cells, the interference caused by CRS can be such that turning cells on and off based on traffic can improve system level throughput [1].

The BLER of a transport block is dominated by code blocks that suffer from CRS interference.  Current RE mapping using lower MCS typically spreads code blocks to multiple OFDM symbols and thus effectively evens out the error probability of each code block.  For HOM transmissions, if the maximum code block size of 6144 bits is not changed, the total number of code blocks in one transport block can increase (33% more for 256-QAM compared to 64-QAM).  Using the current RE mapping of spreading code blocks over all subcarriers before moving on to the next symbol, it is therefore possible that with certain bandwidth allocations and HOM transmission, multiple code blocks are entirely contained within OFDM symbols that don’t include CRS interference, while other code blocks may be contained within OFDM symbols that include CRS interference.

The above hints that alternate RE mapping for PDSCH that would lessen the propensity to create two types of code blocks with different error probabilities in presence of CRS interference could prove beneficial with HOM transmissions.

Observation: The effect of uneven error probability over different code blocks may be more prevalent in HOM transmissions.
Proposal 4: Consider study of alternate RE mapping for PDSCH to mitigate the effect of uneven error probability.
4
Conclusions
In this contribution we discuss some design considerations for the introduction of HOM. The following proposals and observation are made:
Proposal 1: Design of the CQI table for 256QAM is according to the following principles:

· Lowest CQI value corresponds to lowest value of legacy table

· Highest CQI value increased to support 256QAM

· Uniform scaling of intermediate values (resulting in coarser granularity than legacy table)

Proposal 2: Design of the MCS table for 256QAM is according to the following principles:

· Most entries are used to cover the higher MCS range (with granularity similar to legacy table)

· Reserve one or a few values to cover the lower MCS range

Proposal 3: Consider maintaining use of legacy MCS table when assignment is received from DCI format 1A.

Observation: The effect of uneven error probability over different code blocks may be more prevalent in HOM transmissions.
Proposal 4: Consider study of alternate RE mapping for PDSCH to mitigate the effect of uneven error probability.
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