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1
Introduction
At RAN1#91, the following agreement related to modulation enhancement has been achieved:

Agreement:
· RAN1 to consider one of the following solutions to this issue in Rel-15 under TEI-15:

· Solution 1: Select modulation scheme based on TBS and number of REs used for rate matching.

· Solution 2: Introduce “Modulation overriding” field in DCI to change the modulation scheme.

· Solution 3: Introduce an alternative table for 256QAM by RRC configuration.

· Solution 4: Extend the MCS field in DCI to 6 bits, and introduce overlapped entries with different modulation scheme.

· Study the possibility of a single MCS table covering from QPSK to 1024QAM.

· Solution 5: N_RB scaling for TBS selection (similar to TBS selection for special subframes)

No changes to Rel-12/13/14 64QAM/256 QAM TBS/MCS entries
During RAN1#92bis, based on inputs by different companies and the discussions online & offline two solutions seemed to be remaining for adoption, namely Solution 4 and Solution 5.

In this contribution, we provide our input on the solution to be adopted. 

2
Discussion 
Applying Solution 5 to tackle the imperfect modulation adaptation has been proposed in [1,2,3] whereas Solution 4 had been proposed in [4].

Solution 5 is well known since Rel-8, as scaling the N_PRB is used for DwPTS TBS determination. PRB scaling can be used to adjust the TBS considering a lower number of available SCH REs available for transmission, as is the case for DwPTS.  
But solution 5 cannot be easily used to make the opposite, i.e. increase the TBS size in case there is lower overhead / more useful REs available than assumed when designing the MCS tables. First, in the discussions during RAN1#92bis it turned out that companies supporting the PRB scaling had been only thinking of a scaling factor smaller than 1, which is only useful for high overhead / low RE number cases. 
But for the case of lower overhead (i.e. CFI=1) which was the starting point in [5] in RAN1#89 to show the issue for imperfect modulation adaptation for small cell deployments, a larger TBS size would be needed. One could think to also enable a scaling factor >1, but this would then not work properly for all MCS and large PRB or even full band allocations. Especially for small cell deployments the probability of having only one UE scheduled (with full band allocation) is rather high and solution 5 there cannot solve the issue highlighted in [5]. 
The second issue of solution 5 is the TBS determination in case of re-transmission, if the initial DL assignment has been missed. As the TBS size had been determined by the first transmission overhead, the eNB may not be able to find a DL resource allocation in a TTI with different overhead resulting in the original TBS size. This clearly will impact the performance as noted in the offline email discussion. 
In contrast, solution 4 is solving the issue by having also for 256QAM and 1024QAM modulation still the overlapping I_TBS entries with different modulation available which enables the eNB to adapt the desired modulation. The only drawback of solution 4 compared to solution 5 is the larger MCS overhead, as 6 instead of 5 MCS bits need to be included in the scheduling DCI. 
In contrast to solution 5, the TBS determination in solution 4 is not depending on the actual overhead of the transmission therefore is not having any problems with failed initial DL assignments. 

As solution 5 has some issues with missed initial DL assignments as well as solving the imperfect modulation adaptation for low overhead / small cell scenarios, we suggest adopting solution 4. Aligned with the proposal in [4], the new 6-bit MCS table should contain all the existing LTE I_TBS and modulation combinations (incl. the new 1024QAM entries). 

Proposal: Support Solution 4 through a 6-bit MCS table containing all the existing LTE I_TBS and modulation order combinations (incl. the new 1024QAM entries). 
3
Conclusions

In this contribution we modulation order enhancements for LTE. 
Based on the discussions, the following is proposed: 
Proposal: Support Solution 4 through a 6-bit MCS table containing all the existing LTE I_TBS and modulation order combinations (incl. the new 1024QAM entries). 
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