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1. Introduction
In RAN#87 the following agreements were reached regarding repetitions for PUSCH

· The maximum number of repetitions for PUSCH in the new PUSCH enhancement mode is 32
· Number of PUSCH repetitions in the new PUSCH enhancement mode:
· Number of repetitions {1, 2, 4, 8, 12, 16, 24, 32} indicated by a 3-bit DCI field
· 12 and 24 are new values compared to Rel-13 CE mode A, as agreed for FeMTC
· The TBS restriction of CE Mode A does not apply in the new PUSCH enhancement mode

In this contribution we present our views on modulation optimizations for VoLTE operation.

2. Modulation optimization for VoLTE
The LTE TBS table has a special entry for TBS 328 (Figure 1) that optimizes the PUSCH performance when using to repetitions (TTI bundling) or retransmissions by resorting to the use of QPSK modulation. In this case, the TBS is not self-decodable within a single subframe (due to coding rate greater than 1), but after the first retransmission the QPSK performance is better than that of 16-QAM. This table entry is especially selected to meet the TBS needed for codec AMR-WB 12.65k [1].
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Figure 1 TBS table with special entry for 328, corresponding to rate 12.65k

Other codec modes, however, are not optimized for. For example, in Table 1 we show the TBS that should be used for different AMR modes, adjusted to available TBS sizes. For example, if we have a UE transmitting PUSCH with AMR 4,75k (TBS of 208), in the current TBS table it would need to use , which requires 16-QAM. 
Table 1 Transport block sizes for different codec rates
	Frame content (AMR mode, comfort noise, or other)
	Size adjusted to available TBS sizes 

	AMR 4,75 kbit/s
	208

	AMR 5,15 kbit/s
	208

	AMR 5,90 kbit/s
	208

	AMR 6,70 kbit/s (PDC-EFR)
	224

	AMR 7,40 kbit/s (TDMA-EFR)
	256

	AMR 7,95 kbit/s
	256

	AMR 10,2 kbit/s
	296

	AMR SID
	136

	 
	 

	AMR-WB 6.60 kbit/s 
	208

	EVS 13.2 Channel Aware mode
	328

	EVS 7.2
	208



In Figure 2 we show the performance different of TBS 208 for different number of repetitions when transmitted with 16-QAM or QPSK. We observe that the performance with QPSK is better than that for 16-QAM (~1dB for moderate SNR values). 
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Figure 2 TBS 208, 1PRB QPSK (dashed) vs 16-QAM (solid) for 1,2,4,…,32 repetitions. 2 Rx antennas, EPA5

Observation 1: For some TBS values, using QPSK instead of 16-QAM may increase performance when operating with repetitions.
Additionally, the maximum power reduction (MPR) also depends on the modulation scheme. The MPR for 1 PRB QPSK is 0dB, and for 16-QAM is 1dB. This can add up an additional 1dB gain
Observation 2: The MPR for QPSK/1PRB is 0dB, and for 16-QAM is 1dB. For the same link level performance, QPSK can provide an additional ~1dB gain over 16-QAM.
In view of these observations, it seems reasonable to optimize the modulation scheme used for PUSCH in VoLTE. This would lead to increased capacity (for the same coverage) or increased coverage (for the same capacity) compared with a sub-optimal modulation scheme.

3. Proposed solution
The solution for modulation enhancements should meet the following requirements:
· Adapted to multiple codecs and conditions: The PHY may not know what codec the UE is operating on at a given moment, so the solution should be codec-agnostic. Also, the TBS may change depending on the availability of RoHC, among other factors. The flexibility of the solution should be adapted to these cases.
· Forward compatible: Considering a number of codecs for which we optimize the modulation may not be forward-looking, since advances in multimedia/coding may lead to a different set of TBS in a few years. The solution should be flexible enough to allow for future codecs to be successfully deployed without a need to change the PHY/TBS parameters.
In view of these two requirements, it does not seem feasible to add additional entries to the TBS table (like 328), since this would require selecting a subset of the TBS we want to optimize for, and thus is not flexible. 
We propose to add a field in DCI that overrides the default modulation scheme. This field can be 1-bit that operates as follows:
· If the modulation order is  
· Then the field is reserved.
· If the modulation is greater than 2
· Override the modulation order with  (i.e., 16-QAM QPSK, 64-QAM16-QAM)
This field would be present only when the UE is configured in VoLTE mode. Note that this optimization can be also applied to video enhancements which may require larger TBS (e.g reduction from 64-QAM to 16-QAM) and may benefit from reduced MPR and higher modulation efficiency when operating with repetitions.

Proposal: When operating in the new PUSCH enhancement mode, include an additional 1-bit field in the uplink DCI to override the modulation scheme as follows:
· 	If the modulation order is  , then the field is reserved.
· If the modulation is greater than 2, then override the modulation order with  (i.e., 16-QAM QPSK, 64-QAM16-QAM)





4. Summary
Observation 1: For some TBS values, using QPSK instead of 16-QAM may increase performance when operating with repetitions.
Observation 2: The MPR for QPSK/1PRB is 0dB, and for 16-QAM is 1dB. For the same link level performance, QPSK can provide an additional ~1dB gain over 16-QAM.
Proposal: When operating in the new PUSCH enhancement mode, include an additional 1-bit field in the uplink DCI to override the modulation scheme as follows:
· 	If the modulation order is  , then the field is reserved.
· If the modulation is greater than 2, then override the modulation order with  (i.e., 16-QAM QPSK, 64-QAM16-QAM)
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0 16 32 56 88 120 152 176 208 224 256
1 24 56 88 144 176 208 224 256 328 344
2 32 72 144 176 208 256 296 328 376 424
3 40 104 176 208 256 328 392 440 504 568
4 56 120 208 256 328 408 488 552 632 696
5 72 144 224 328 424 504 600 680 776 872
6 328 176 256 392 504 600 712 808 936 1032
7 104 224 328 472 584 712 840 968 1096 1224
8 120 256 392 536 680 808 968 1096 1256 1384
9 136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 2280
13 224 488 744 1000 1256 1544 1800 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
16 328 632 968 1288 1608 1928 2280 2600 2984 3240
17 336 696 1064 1416 1800 2152 2536 2856 3240 3624
18 376 776 1160 1544 1992 2344 2792 3112 3624 4008
19 408 840 1288 1736 2152 2600 2984 3496 3880 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2984 3496 4008 4584 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 2280 2856 3496 4008 4584 5160 5736
24 584 1192 1800 2408 2984 3624 4264 4968 5544 5992
25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
26A 632 1288 1928 2600 3240 3880 4584 5160 5992 6456
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