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1
Introduction
At last RAN1 meeting, it was agreed to capture the following in the TR in higher order modulation section, 
· RAN1 finds DL higher order modulation, i.e. 256QAM beneficial in evaluated indoor sparse small cell scenarios with low mobility

· RAN1 recommends to support DL higher order modulation, i.e. 256QAM
For the possible incurred standard impact, it was agreed to
· Introduce new CQI/MCS entries if 256QAM is introduced

· The size of CQI/MCS table is FFS

· Higher layer signalling is used to configure CQI/MCS table and/or 256QAM

· Introduce new TBS entries if 256QAM is introduced

· Size of feedback field is 4 or 5 bits if 256QAM is introduced
It was further agreed in small cell WID in RAN 62 plenary meeting [1] to keep existing size of CQI feedback field and MCS indication, i.e., to still have 4bit CQI table and 5bit MCS table with 256QAM modulation.
Based on these agreements, we discuss different design principles for new CQI table and MCS tables with unchanged size to support 256QAM on PDSCH. 
2
256QAM Configuration and Fallback
As discussed and agreed in the last RAN1 meeting, higher layer signalling is used to configure 256QAM CQI/MCS tables and/or DL 256QAM operation in general. This inevitably brings potential ambiguity issue between eNB and UE on which CQI/MCS tables are used in each side during the (re)configuration phase of 256QAM. Therefore, some backup & general fallback operation such as using legacy/up to 64QAM tables will be needed especially during the (re)configuration phase of the 256QAM support. One good option is to use the fallback DCI, where the DL scheduling through the fallback DCI (DCI format 1A) is always using legacy/up to 64QAM MCS tables independently of the configured 256QAM support.
Proposal 1: With fallback DCI Format 1A legacy MCS tables are used to ensure robust operation during reconfiguration.

3
256QAM table design principles
Reviewing the suggested tables designs presented during the SI phase, there are basically two options for the CQI/MCS table design for the agreed unchanged CQI/MCS table size, which have been also highlighted in contributions from last RAN1 meeting e.g. in [2][ 3][4], 

· Option 1: Totally new CQI table and MCS table entries with a larger difference between the supported spectral efficiencies covering the full SINR range

· Option 2: New CQI table and MCS table keeping most existing entries, but remove some low spectral efficiency entries to be able to add the 256QAM entries
Let us now compare these two baseline design principles in the following two subsections.
3.1 CQI/MCS/TBS table design for Option1 – New Entries
CQI table design principle for Option 1
The new CQI table in this option supports the lowest spectral efficiency in current/legacy CQI table and also highest supportable spectral efficiency with 256QAM with equal steps in required SINR, according to the Rel. 8 design table design principles. As the SINR range to cover will be larger compared to the Rel. 8/64QAM table, the SINR granularity would need to be larger than the value of legacy CQI table. Once the required SINR granularity for the new table would have been agreed, the BLER performance under SISO AWGN scenario would be evaluated to define the modulation level and code rate for each CQI entry as done during Rel. 8 when designing the legacy table. 
MCS table design for Option 1
Following the principles for Rel.8 MCS table design, the new MCS table in this option would include the equivalent CQI entries of the new CQI table, and the remaining MCS entries are chosen as equally spaced between adjacent spectral efficiencies as possible. 
Other design principles of the legacy MCS tables might be applied here as well, including reserving one MCS entry for each supported modulation for implicit TBS indication to enable e.g. modulation adaption for retransmission, requiring 4 (in case of legacy tables 3) MCS entries.
Another design principle used in Rel. 8 was to have the same spectral efficiencies/TBS supported in the region when moving from one modulation to the next higher modulation (overlapping region), to enable optimization for varying frequency selectivity of the radio channel and to optimize the MCS also for varying overhead. This overlap would require 3 MCS entries (2 MCS in the legacy table). This design principle had also an effect on the CQI tables, where the maximum coderate had been limited to about 0.6 for lower modulation orders to enable this type of overlap MCS/spectral efficiency operation. There might be less need for any overlapped region for 256QAM eNB operation, since the small cell and indoor channel property to use 256QAM modulation is typically frequency flat.
TBS table design for Option 1
In this option, a totally new TBS table with different entries compared to the existing table in TS 36.213 will be needed. The TBS of course needs to be again aligned with QPP sizes of the turbo code interleaver and certain sizes of e.g. VoIP packets would need to be taken into account.
3.2 CQI/MCS/TBS table design for Option2 – Replace Entries
CQI table design according to Option 2
In this option the new CQI table is optimized for the high SINR operation area, which also means some of the low CQI entries would be removed to be able to add 256QAM CQIs. There are two further possible alternatives envisioned, 

· Alternative1: the new CQI table is defined by removing consecutive low(est) CQI indices, to incorporate the 256QAM CQIs.

· Alternative2: the new CQI table is defined by increasing the granularity of the lowest CQI indices, i.e. removing e.g. every second low(est) CQI entry, to incorporate the 256QAM CQIs. 

In Appendix A, we give one example of CQI table for each alternative that still includes the lowest CQI entry, as was highlighted by several companies in the last RAN1 meeting in order to have some modulation fallback operation available, in Table 1 and Table 2. Three 256QAM CQIs are added in each new table, which is based on the observation from the simulation that the added 256QAM CQIs also have roughly the SINR granularity of the legacy CQI table. For simplicity in these examples, the current 64QAM entries have been kept untouched. In Table 3 in the Appendix, capturing the legacy CQI table, the removed QPSK entries for the examples of Alternative 1 (in Table 1) and Alternative 2 (in Table 2) are marked with green and red color, respectively. 
MCS table design according to Option 2
Aligned with the CQI table design, some low spectral efficiency MCS entries in the legacy table would also need to be removed and 256QAM MCS entries are to be added. For Alternative 1 consecutive MCS entries are to be removed whereas for Alternative 2 every other entry for low spectral efficiencies is replaced. The added MCS entries in the new table include the equivalent 256QAM CQI entries and also the entries which have equal spacing between adjacent spectral efficiencies. 
Also for Option 2 the Rel. 8 design principles could be followed, by in addition reserving one MCS entry to indicate 256QAM modulation during retransmission. In addition as was discussed for Option 1, modulation overlap could be continued to be supported in the new MCS table to support varying overhead and frequency selectivity of the mobile radio channel. 
TBS table design for Option 2
For option 2 the current table could be just extended by a few new I_TBS values (I_TBS>26) as the spectral efficiencies of the kept legacy entries would not be changed.
The different design principles of the discussed options in terms of CQI are illustrated in Figure 1.
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Figure 1: Illustration of the discussed different design principles: New table designs of Option 1 with 
larger SINR granularity; replacing some consecutive QPSK options with 256QAM entries in Alternative 1 
of Option 2; replacing every other QPSK option with 256QAM entries in Alt. 2 of Option 2.
3.3 Discussion of the design principles / options
The new CQI/MCS tables having new entries of option 1 cover the full operational SINR range of QPSK, 16QAM, 64QAM and 256QAM. Thus, there is no need for the eNB to reconfigure the CQI/MCS table between the legacy tables and new tables in case the average SINR operation area of the UE is changing. This will reduce the possibility of ambiguity between eNB and UE on the used CQI/MCS tables in the end and provide more robust operation in fast varying SINR operations. The main disadvantage of this option is that the enlarged granularity between CQI/MCS entries causes possible performance degradation. In addition, more specification and additional testing efforts are needed to define the totally new tables. 

In contrast, the granularity of CQI/MCS table of Option 2 (i.e. replacing existing entries) is lower in the high(er) SINR area than in Option1 – i.e. on the same level as the legacy tables. Thus, the system performance would possibly be better in case the eNB can efficiently reconfigure CQI/MCS table between legacy ones and new ones in case of large SINR variations. As for indoor scenarios rather fast large-scale parameter changes as SINR is not expected to occur regularly, the need for reconfiguration will be a rather slow/seldom process. The robustness for Option 2 designs can be moreover improved by retaining some low spectral efficiency entries. Moreover, the fallback DCI scheduling according to legacy the MCS table can be applied to help in worst case situations for the Option 2 alternatives.

As the intention of the 256QAM is to improve the spectral efficiency and the gains of 256QAM introduction for certain scenarios had been rather limited, the design option needs to be chosen that results in the least performance degradation due the CQI/MCS tables. Therefore, a design according to Option 2, i.e. replacing some low spectral efficiency entries, is preferable. 
Proposal 2 - Overall design principle: Base the new 256QAM MCS/CQI tables on the principle of reusing (most of the) existing entries and replace some low spectral efficiency values with the needed 256QAM entries. Extend the existing TBS table with some larger TBS sizes (I_TBS>26).
Comparing the two basic alternatives for just replacing some entries – i.e. Alt. 1 and Alt. 2 described in the previous section, they both achieve equal performance in case of high(est) SINRs. Moreover, both alternatives keep some low spectral efficiency entries to provide some additional fallback support in case of rather low instantaneous SINRs, as highlighted by several companies in RAN1#75. Alternative 1 is removing most of the lowest consecutive spectral efficiencies and is therefore more prone to potential robustness issues as Alt. 2, where every other low spectral efficiency value is to be removed. This is especially important in terms of reporting some low CQIs, which might be an indication for the eNB to reconfigure the UE to use the legacy MCS/CQI tables or initialize fallback DCI operation. Therefore, we suggest the design according to Alternative 2, i.e. removing every other low spectral efficiency entry, to be adopted.

Proposal 3: Keep every other low spectral efficiency CQI/MCS entry of the existing tables to retain the ability to signal also CQI indication of several different low SINRs with the new tables, and enable additional legacy MCS fallback scheduling support.
Using this design goal, it is basically a question on how many and which entries to remove in order to make space for the new high(est) spectral efficiency entries. When reviewing the Rel. 8 design principles in Section 3.1, we highlighted some of the properties of the Rel. 8 MCS table, namely the modulation adaptation for retransmission as well as the overlap of neighbouring modulation supporting the same spectral efficiency. Both of these Rel. 8 design properties require MCS entries but do not add to the number or range of supported spectral efficiencies. Therefore, removing some of these entries first and/or not including similar entries for the case of 256QAM modulation might need to be discussed. As an example, one might think that adaptively changing the modulation in retransmission to 256QAM might not be needed. 
Proposal 4: RAN1 should discuss the applicability of some other Rel. 8 table design principles for the new tables in order to free some additional table entries – including

·  Support for reserved MCS values for modulation adaptation in the retransmission (for all or only some modulations) 
·  Need for overlapping spectral efficiency of different modulations (for all or only some modulations)
After agreeing on these basic table design principles in RAN1, the exact table design and related RAN1 agreements should be rather straightforward. As an additional input on the table design, we provide link level analysis on the 64QAM to 256QAM switching point in Appendix B.
4
Conclusion

In this contribution, we discuss a needed fallback operation to legacy (up to 64QAM) behaviour and suggest:

Proposal 1: With fallback DCI Format 1A legacy MCS tables are used to ensure robust operation during reconfiguration.
Moreover, we discussed the design options for the new CQI/MCS/TBS tables, analysed the pros/cons which lead us to the following proposals, 

Proposal 2 - Overall design principle: Base the new 256QAM MCS/CQI tables on the principle of reusing (most of the) existing entries and replace some low spectral efficiency values with the needed 256QAM entries. Extend the existing TBS table with some larger TBS sizes (I_TBS>26).
Proposal 3: Keep every other low spectral efficiency CQI/MCS entry of the existing tables to retain the ability to signal also CQI indication of several different low SINRs with the new tables, and enable additional legacy MCS fallback scheduling support.
Proposal 4: RAN1 should discuss the applicability of some other Rel. 8 table design principles for the new tables in order to free some additional table entries – including

·  Support for reserved MCS values for modulation adaptation in the retransmission (for all or only some modulations) 

·  Need for overlapping spectral efficiency of different modulations (for all or only some modulations)
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Appendix A: CQI table examples for Option 2
Table.1 CQI table example, Option 2 - Alternative1.

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	449
	0.8770

	3
	QPSK
	602
	1.1758

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	64QAM
	948
	5.5547

	13
	256QAM
	801
	6.3203

	14
	256QAM
	886
	6.9219

	15
	256QAM
	948
	7.4063


Table 2: CQI table example, Option 2 - Alternative2.
	CQI index
	modulation
	code rate x 1024
	Efficiency

	0
	out of range

	1
	QPSK
	78
	[image: image1]0.1523

	2
	QPSK
	193
	0.3770

	3
	QPSK
	449
	0.8770

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	64QAM
	948
	5.5547

	13
	256QAM
	801
	6.3203

	14
	256QAM
	886
	6.9219

	15
	256QAM
	948
	7.4063



Table 3: Legacy CQI table indicating the removed entries 
for example in Alternative 1 (green color) and Alternative 2 (red color)
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547
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Fig.2 BLER performance for legacy CQI entries and added 256QAM CQIs of Table 1 & Table 2
Appendix B: On 64QAM to 256QAM switching point

For information only, we performed link level simulations to investigate on where the switching point between 64QAM and 256QAM should be selected. We therefore compared the BLER performance of 64QAM and 256QAM modulations with equal spectral efficiencies, the standard overhead of 2 CRS ports & 3 PDCCH symbols (i.e. 120 usable REs /PRB pair) and considering full band allocation (50PRB) with different frequency selective channel profiles in Figure 3.

The results indicate, that the switching from 64QAM to 256QAM could be design at much higher coding rates as the legacy tables provide. From MCS table, even 64QAM MCS27 (having a core rate of 0.88) still outperforms the equivalent 256QAM operation except for frequency selective channels. That is, only for higher spectral efficiencies (i.e. start from the legacy MCS28) 256QAM may be utilized.
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Figure 3: Performance gain of 256QAM over 64QAM @ 10% BLER (50PRB, 120REs/PRB)
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