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1. Introduction

In this contribution we summarize and provide some justification for the choice that have been made to introduce 16QAM in the RAN2 specifications. Contributions [2], [3], [4] and [5] contain the actual CRs.
2. Discussion

2.1. Addition of 16QAM in RRC specification
The impact of 16QAM in the RRC specification is minimal; the modulation and maximum TB sizes are never explicitly signalled, and the existing signalling formats can already accommodate the extension of the uplink UE categories to include a new category supporting 16QAM.

The introduction of new E-TFCI tables means that the IE “E-TFCI table index” (within “E-DPDCH info”) needs to be extended to distinguish between the “old” and “new” versions of the tables.  
Also, the reference to the extended serving grant values is updated. These are the only impacts on the RRC specification.

2.2. Addition of 16QAM in MAC specification

The support of 16QAM in MAC is relatively easy to add because no MAC procedures are impacted by the addition of 16QAM. The only noticeable change is the possibility for higher layers to configure larger transport block size tables for E-DCH and the increased number of quantized serving grants.

2.2.1. Transport block size tables

In E-DCH it was decided that 2 tables would be provided per choice of TTI, thus a total of 4 tables. Since 16QAM will only be supported for the 2ms TTI, only two new additional tables are needed, named table 2 and table 3.

The maximum transport block size for 16QAM was derived to ensure the rate matching output of 23040 bits is fully utilized. Following the equation below, this results in a maximum transport block size of 22996 bits.
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Table 2 for 2ms TTI contains the exponentially distributed transport block sizes, ranging from 120 to 22996 bits (this choice is currently reflected in the CR). The formula for generating the transport block sizes is the following:
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One simple optimization to this table would be to assume transport blocks will be byte aligned and contain a single MAC-e/es header (18 bits). If this optimization is agreeable to the RAN2 group the CR can be revised.

Table 3 for 2ms TTI contains the transport block sizes aligned with multiples of 168, 336 and 656 bit RLC PDUs, using similar assumptions that were used when deriving the initial E-DCH transport block sizes; as follows:
· If the relative overhead of increasing the step size between transport block sizes is 0.5% or less than the payload, the step size is doubled.
· This requirement doesn’t impact the tables

· If the relative overhead of adding a MAC-es/e or SI represents 0.5% or less of the payload, the transport block size is increased to accommodate an additional MAC-es/e or SI (i.e. 18 bits).

· If the difference between two resulting transport block sizes is less than 0.5% of the payload, only the larger transport block size is kept

	Color code
	multiple of 168 bit PDU
	multiple of 168 bit PDU + 1 MAC-e/es hdr
	multiple of 168  bit PDU + 2 MAC-es/e hdrs
	multiple of 336 bit PDU
	multiple of 336 bit PDU + 1 MAC-e/es hdr
	multiple of 656 bit PDU
	multiple of 656 bit PDU + 1 MAC-e/es hdr
	Maximum Format


Table 1Color code for PDU aligned Transport Block size table 3
	PDU Payload
	Number of PDUs
	Extra Mac-e/es header overhead
	Additional header
	Transport Block Size
	Size increment
	Size increment (%)

	SI alone
	-
	-
	18
	168
	933.33%

	168
	1
	10.71%
	0
	186
	18
	9.68%

	168
	1
	10.71%
	1
	204
	150
	73.53%

	336
	1
	5.36%
	0
	354
	18
	5.08%

	336
	1
	5.36%
	1
	372
	150
	40.32%

	504
	3
	3.57%
	0
	522
	18
	3.45%

	504
	3
	3.57%
	1
	540
	18
	3.33%

	504
	3
	3.57%
	2
	558
	116
	20.79%

	656
	1
	2.74%
	0
	674
	18
	2.67%

	656
	1
	2.74%
	1
	692
	16
	2.31%

	672
	2
	2.68%
	1
	708
	150
	21.19%

	840
	5
	2.14%
	0
	858
	18
	2.10%

	840
	5
	2.14%
	1
	876
	18
	2.05%

	840
	5
	2.14%
	2
	894
	132
	14.77%

	1008
	3
	1.79%
	0
	1026
	18
	1.75%

	1008
	3
	1.79%
	1
	1044
	150
	14.37%

	1176
	7
	1.53%
	0
	1194
	18
	1.51%

	1176
	7
	1.53%
	1
	1212
	18
	1.49%

	1176
	7
	1.53%
	2
	1230
	100
	8.13%

	1312
	2
	1.37%
	0
	1330
	18
	1.35%

	1312
	2
	1.37%
	1
	1348
	14
	1.04%

	1344
	4
	1.34%
	0
	1362
	18
	1.32%

	1344
	4
	1.34%
	1
	1380
	150
	10.87%

	1512
	9
	1.19%
	0
	1530
	18
	1.18%

	1512
	9
	1.19%
	1
	1548
	18
	1.16%

	1512
	9
	1.19%
	2
	1566
	132
	8.43%

	1680
	5
	1.07%
	0
	1698
	18
	1.06%

	1680
	5
	1.07%
	1
	1716
	150
	8.74%

	1848
	11
	0.97%
	0
	1866
	18
	0.96%

	1848
	11
	0.97%
	1
	1884
	18
	0.96%

	1848
	11
	0.97%
	2
	1902
	84
	4.42%

	1968
	3
	0.91%
	0
	1986
	18
	0.91%

	1968
	3
	0.91%
	1
	2004
	30
	1.50%

	2016
	6
	0.89%
	0
	2034
	18
	0.88%

	2016
	6
	0.89%
	1
	2052
	318
	15.50%

	2352
	7
	0.77%
	0
	2370
	18
	0.76%

	2352
	7
	0.77%
	1
	2388
	254
	10.64%

	2624
	4
	0.69%
	0
	2642
	18
	0.68%

	2624
	4
	0.69%
	1
	2660
	46
	1.73%

	2688
	8
	0.67%
	0
	2706
	18
	0.67%

	2688
	8
	0.67%
	1
	2724
	318
	11.67%

	3024
	9
	0.60%
	0
	3042
	18
	0.59%

	3024
	9
	0.60%
	1
	3060
	238
	7.78%

	3280
	5
	0.55%
	0
	3298
	18
	0.55%

	3280
	5
	0.55%
	1
	3316
	62
	1.87%

	3360
	10
	0.54%
	0
	3378
	18
	0.53%

	3360
	10
	0.54%
	1
	3396
	354
	10.42%

	3696
	11
	0.49%
	2
	3750
	240
	6.40%

	3936
	6
	0.46%
	2
	3990
	96
	2.41%

	4032
	12
	0.45%
	2
	4086
	336
	8.22%

	4368
	13
	0.41%
	2
	4422
	224
	5.07%

	4592
	7
	0.39%
	2
	4646
	112
	2.41%

	4704
	14
	0.38%
	2
	4758
	336
	7.06%

	5040
	15
	0.36%
	2
	5094
	208
	4.08%

	5248
	8
	0.34%
	2
	5302
	128
	2.41%

	5376
	16
	0.33%
	2
	5430
	336
	6.19%

	5712
	17
	0.32%
	2
	5766
	192
	3.33%

	5904
	9
	0.30%
	2
	5958
	144
	2.42%

	6048
	18
	0.30%
	2
	6102
	336
	5.51%

	6384
	19
	0.28%
	2
	6438
	176
	2.73%

	6560
	10
	0.27%
	2
	6614
	160
	2.42%

	6720
	20
	0.27%
	2
	6774
	336
	4.96%

	7056
	21
	0.26%
	2
	7110
	160
	2.25%

	7216
	11
	0.25%
	2
	7270
	176
	2.42%

	7392
	22
	0.24%
	2
	7446
	336
	4.51%

	7728
	23
	0.23%
	2
	7782
	144
	1.85%

	7872
	12
	0.23%
	2
	7926
	192
	2.42%

	8064
	24
	0.22%
	2
	8118
	336
	4.14%

	8400
	25
	0.21%
	2
	8454
	128
	1.51%

	8528
	13
	0.21%
	2
	8582
	208
	2.42%

	8736
	26
	0.21%
	2
	8790
	336
	3.82%

	9072
	27
	0.20%
	2
	9126
	112
	1.23%

	9184
	14
	0.20%
	2
	9238
	224
	2.42%

	9408
	28
	0.19%
	2
	9462
	336
	3.55%

	9744
	29
	0.18%
	2
	9798
	96
	0.98%

	9840
	15
	0.18%
	2
	9894
	240
	2.43%

	10080
	30
	0.18%
	2
	10134
	336
	3.32%

	10416
	31
	0.17%
	2
	10470
	80
	0.76%

	10496
	16
	0.17%
	2
	10550
	256
	2.43%

	10752
	32
	0.17%
	2
	10806
	354
	3.28%

	11088
	33
	0.16%
	3
	11160
	64
	0.57%

	11152
	17
	0.16%
	3
	11224
	272
	2.42%

	11424
	34
	0.16%
	3
	11496
	384
	3.34%

	11808
	18
	0.15%
	3
	11880
	288
	2.42%

	12096
	36
	0.15%
	3
	12168
	368
	3.02%

	12464
	19
	0.14%
	3
	12536
	304
	2.43%

	12768
	38
	0.14%
	3
	12840
	352
	2.74%

	13120
	20
	0.14%
	3
	13192
	320
	2.43%

	13440
	40
	0.13%
	3
	13512
	336
	2.49%

	13776
	41
	0.13%
	3
	13848
	336
	2.43%

	14112
	42
	0.13%
	3
	14184
	354
	2.50%

	14448
	43
	0.12%
	4
	14538
	336
	2.31%

	14784
	44
	0.12%
	4
	14874
	336
	2.26%

	15120
	45
	0.12%
	4
	15210
	336
	2.21%

	15456
	46
	0.12%
	4
	15546
	336
	2.16%

	15792
	47
	0.11%
	4
	15882
	336
	2.12%

	16128
	48
	0.11%
	4
	16218
	336
	2.07%

	16464
	49
	0.11%
	4
	16554
	336
	2.03%

	16800
	50
	0.11%
	4
	16890
	336
	1.99%

	17136
	51
	0.11%
	4
	17226
	336
	1.95%

	17472
	52
	0.10%
	4
	17562
	240
	1.37%

	17712
	27
	0.10%
	4
	17802
	96
	0.54%

	17808
	53
	0.10%
	4
	17898
	354
	1.98%

	18144
	54
	0.10%
	5
	18252
	224
	1.23%

	18368
	28
	0.10%
	5
	18476
	112
	0.61%

	18480
	55
	0.10%
	5
	18588
	336
	1.81%

	18816
	56
	0.10%
	5
	18924
	208
	1.10%

	19024
	29
	0.09%
	5
	19132
	128
	0.67%

	19152
	57
	0.09%
	5
	19260
	336
	1.74%

	19488
	58
	0.09%
	5
	19596
	192
	0.98%

	19680
	30
	0.09%
	5
	19788
	144
	0.73%

	19824
	59
	0.09%
	5
	19932
	336
	1.69%

	20160
	60
	0.09%
	5
	20268
	176
	0.87%

	20336
	31
	0.09%
	5
	20444
	160
	0.78%

	20496
	61
	0.09%
	5
	20604
	336
	1.63%

	20832
	62
	0.09%
	5
	20940
	160
	0.76%

	20992
	32
	0.09%
	5
	21100
	176
	0.83%

	21168
	63
	0.09%
	5
	21276
	336
	1.58%

	21504
	64
	0.08%
	5
	21612
	162
	0.75%

	21648
	33
	0.08%
	6
	21774
	192
	0.88%

	21840
	65
	0.08%
	6
	21966
	336
	1.53%

	22176
	66
	0.08%
	6
	22302
	128
	0.57%

	22304
	34
	0.08%
	6
	22430
	208
	0.93%

	22512
	67
	0.08%
	6
	22638
	358
	1.58%

	Maximum size
	 
	 
	22996
	 


Table 2: PDU aligned transport block size table 3
2.2.2. Quantized Serving Grants

In RAN1 it was agreed that the support of 16QAM on E-DCH should not have an impact on the already defined E-AGCH payload. It was found however that in order to exploit 16QAM, larger T/P values would have to be defined and signalled over the E-AGCH. The proposed step size for the larger values is now 3dB instead of the usual 1dB that was defined in Rel-6.

The E-AGCH coding is defined in 25.212, however the list of all quantized T/P values is also listed in the MAC specification in order to apply the E-RGCH commands. 

In the MAC CR, we propose to therefore extend the table containing the new set of quantized T/P values to cover all the values that can be signalled over E-AGCH. The difference would be to keep the 1dB step size which enables the scheduler to tune the allowed T/P in a finer way through E-RGCH commands.

Open issue: Are there problems if we allow UE not supporting 16QAM to use the higher T/Ps or should it be enforced at the MAC that QPSK only UEs don’t use T/Ps above index 37?
2.3. Addition of 16QAM in UE capability specification

The uplink UE categories are extended to include a new category 6h, identical to the existing category 6 but with support for 16QAM, reflecting the new maximum transport block size of 22996 bits.

Apart from the buffer computations (still ffs), the only identified open issue here is the interaction of the UL and DL modifications; TS 25.306 Table 5.1h, showing the buffer sizes for simultaneous HS-DSCH and E-DCH operation, needs to include the new categories from both DL and UL, creating an interaction between the two CRs (which are intended to be independent).

Open issues:

· UE buffer requirement (simple doubling of the buffer does not always correspond to a value in RRC)

· Simple doubling of buffer requirement for joint HSDPA/HSUPA operation is not realistic

3. Conclusion

In this contribution the support of 16 QAM in E-DPDCH in the RAN2 specifications was presented.
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