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1. Introduction

Two-stage rate matching is being discussed in RAN1 and it was agreed to outline a mechanism in more detail in order to progress the discussions on this issue. Redefinition of RVs by scaling down the column spacing from 24 in proportion to the limit virtual circular buffer (VCB) was proposed as option 2 in [1].  In the contribution, we propose refinements to this baseline design to simplify and minimize implementation complexity of two-stage rate matching
 if RAN1 would decide upon adopting two-stage rate matching.
This contribution is agnostic with respect to adopting two-stage rate matching or not and only suggests some simplifications of the scheme in ‎[1] in case two-stage rate matching is adopted by RAN1.
1. 1st stage RM shrinks the VCB on the unit of two columns (instead of bits)

This is to avoid a column being punctured partially by the 1st stage RM.  Otherwise, one additional controlling variable, in additional to the numbers of filler and dummy bits, need to be implemented into the RM agent.  This defeats the purpose of moving dummy bits to the front of the VCB so they can be treated jointly [5].  In short, if partial puncturing is allowed, implementation complexity and verification costs will increase quite significantly.  

Furthermore, the 1st stage RM only affects the parity bit region of the VCB (see Figure 1), which is formed by multiplexing columns from the Parity1 and Parity2 streams.  It is recommended to adopt a granularity of two columns for the 1st stage RM to simplify implementation.  
2. 1st stage RM shrinks the VCBs of all CBs to the same number of columns M
It has been agreed in RAN1 Athens to apply that an “equal-size” rule for physical channel segmentation [8].  Unequal-sized VCBs are, hence, unnecessary complications.
3. The scaled-down column spacing between RVs should be an even number 

The two parity streams are bit-multiplexed into the VCB (see Figure 1).  For on-the-fly RM, an even-numbered column starting allows simple and efficient implementation with either hardware or software [2, 3].  On the other hand, if odd-numbered column starting is allowed, it would be necessary to calculate two addresses for the middles for the Parity1 and Parity2 columns accounting for dummy bits and asymmetric treatments of filler bits.  Note also that, depending on whether the number of rows is even or odd, the starting point of an odd-number column belongs to either Parity1 or Parity2.

The baseline proposal from [1] is to set the starting point for the i-th RV to


k0
= R × (2 + floor(M/4)×i),
(1)

The starting columns for different levels of 1st stage RM according to EQ(1) are enumerated in Table 1.  Many odd-numbered column starts can be observed.

A refinement is to force the scaled-down column spacing to an even number:


k0
= R × (2 + 2×floor(M/8)×i).
(2)

The starting columns for different levels of 1st stage RM according to EQ(2) are enumerated in Table 1.  
4. The scaled-down column spacing between RVs is calculated with the ceil function
As shown in Table 2, one drawback of EQ(2) is that the column spacing shrinks very quickly when M decreases.  For instance, RV3 moves from col74 to col68 when M decreases from 96 to 95, which complicates HARQ operations and contradicts the RV design principles discussed in [6, 7].
To remedy this, it is proposed to calculate the starting point for the i-th RV as


k0
= R × (2 + 2×ceil(M/8)×i).
(3)

The starting columns for different levels of 1st stage RM according to EQ(3) are enumerated in Table 1.  

Note also that the incremental redundancy (IR) protocol operates out of the bits retained after the 1st stage RM.  Excessive puncturing in the 1st stage RM would raise the mother code rate from 1/3 to a effective rate.  Hence, the effectiveness of the HARQ-IR operations is reduced by the extent of 1st stage puncturing.  To retain reasonable gains of the IR protocol, it is necessary to set a lower limit on the number of retained columns after the 1st stage rate matching.  Judging from the relative gains of the IR vs. Chase combining protocols shown in Figure 2, a lower limit of M=48 seems reasonable.
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Figure 2 Conceptual composition of virtual circular buffer (VCB) for turbo code rate matching.  While, red and blue cells contains bits from the Systematic, Parity1 and Parity2 streams.  Black cells represent dummy bits (for rate matching sub-block interleavers) and grey cells represent padding bits (for turbo coding QPP interleavers).  
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Figure 2 Incremental redundancy gains with different mother code rate.

Table 1 Comparison of Rescaled Column Spacing Schemes
	M
	EQ(1)
	EQ(2)
	EQ(3)

	
	RV0
	RV1
	RV2
	RV3
	RV0
	RV1
	RV2
	RV3
	RV0
	RV1
	RV2
	RV3

	96
	2
	26
	50
	74
	2
	26
	50
	74
	2
	26
	50
	74

	94
	2
	25
	48
	71
	2
	24
	46
	68
	2
	26
	50
	74

	92
	2
	25
	48
	71
	2
	24
	46
	68
	2
	26
	50
	74

	90
	2
	24
	46
	68
	2
	24
	46
	68
	2
	26
	50
	74

	88
	2
	24
	46
	68
	2
	24
	46
	68
	2
	24
	46
	68

	86
	2
	23
	44
	65
	2
	22
	42
	62
	2
	24
	46
	68

	84
	2
	23
	44
	65
	2
	22
	42
	62
	2
	24
	46
	68

	82
	2
	22
	42
	62
	2
	22
	42
	62
	2
	24
	46
	68

	80
	2
	22
	42
	62
	2
	22
	42
	62
	2
	22
	42
	62

	78
	2
	21
	40
	59
	2
	20
	38
	56
	2
	22
	42
	62

	76
	2
	21
	40
	59
	2
	20
	38
	56
	2
	22
	42
	62

	74
	2
	20
	38
	56
	2
	20
	38
	56
	2
	22
	42
	62

	72
	2
	20
	38
	56
	2
	20
	38
	56
	2
	20
	38
	56

	70
	2
	19
	36
	53
	2
	18
	34
	50
	2
	20
	38
	56

	68
	2
	19
	36
	53
	2
	18
	34
	50
	2
	20
	38
	56

	66
	2
	18
	34
	50
	2
	18
	34
	50
	2
	20
	38
	56

	64
	2
	18
	34
	50
	2
	18
	34
	50
	2
	18
	34
	50

	62
	2
	17
	32
	47
	2
	16
	30
	44
	2
	18
	34
	50

	60
	2
	17
	32
	47
	2
	16
	30
	44
	2
	18
	34
	50

	58
	2
	16
	30
	44
	2
	16
	30
	44
	2
	18
	34
	50

	56
	2
	16
	30
	44
	2
	16
	30
	44
	2
	16
	30
	44

	54
	2
	15
	28
	41
	2
	14
	26
	38
	2
	16
	30
	44

	52
	2
	15
	28
	41
	2
	14
	26
	38
	2
	16
	30
	44

	50
	2
	14
	26
	38
	2
	14
	26
	38
	2
	16
	30
	44

	48
	2
	14
	26
	38
	2
	14
	26
	38
	2
	14
	26
	38

	46
	2
	13
	24
	35
	2
	12
	22
	32
	2
	14
	26
	38

	44
	2
	13
	24
	35
	2
	12
	22
	32
	2
	14
	26
	38

	42
	2
	12
	22
	32
	2
	12
	22
	32
	2
	14
	26
	38

	40
	2
	12
	22
	32
	2
	12
	22
	32
	2
	12
	22
	32

	38
	2
	11
	20
	29
	2
	10
	18
	26
	2
	12
	22
	32

	36
	2
	11
	20
	29
	2
	10
	18
	26
	2
	12
	22
	32

	34
	2
	10
	18
	26
	2
	10
	18
	26
	2
	12
	22
	32


2. Implementation in 36.212

Below an example how the above principles can be implemented in 36.211 is given.
5.1.4.1.2
Bit collection, selection and transmission

Denote the soft buffer size for the transport block by NIR, which is signalled by the higher layers. Set 
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where C is the number of code blocks computed in subclause 5.1.2.  The circular buffer of length 
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 for the r-th coded block is generated as follows:
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for k = 0,…, 
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for k = 0,…, 
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Denoting by E the rate matching output sequence length for the r-th coded block, and rvidx the redundancy version number for this transmission, the rate matching output bit sequence is 
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Define by G the total number of bits available for the transmission of one transport block.

Set 
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 where Qm is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM, and where NL is equal to 1 for blocks mapped onto one transmission layer and is equal to 2 for blocks mapped onto two or four transmission layers.
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, where C is the number of code blocks computed in subclause 5.1.2.
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end if
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Set k = 0 and j = 0

while { k < E }


if 
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k = k +1


end if

j = j +1

end while

3. Conclusion

If RAN1 would adopt two-stage rate matching it is proposed to include the simplifications described method above in 36.211.
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5. Appendix
The recommended 2-column granularity for 1st stage RM could leave certain parts of the soft value (SV) buffer idle.  We investigate the impact for three hypothetical UE types: 144Mbps, 96Mbps and 48Mbps.   The configuration of the SV buffers for different transport block size (TBS), which corresponding to different instantaneous data rates, is enumerated in Table 2.  The calculation assumes the maximum puncturing of the 1st stage RM has raised the turbo mother code rate from 1/3 to 2/3.  This seems to be a reasonable assumption since it reduces SV buffer requirement by half while still allows meaningful HARQ-IR operations.  

For the hypothetical 148Mbps UE, the SV buffer size NIR = 24*ceil(6148/32)*48/(2/3) = 222336.  When the UE is operated at 142Mbps, 24 code blocks of length 6080 bits are used.  The corresponding occupied SV buffer size is hence 24*191*48 = 220032, which implies 1.04% of the SV buffer is idle.  The recommended 2-column granularity for 1st stage RM induces at most 3% idle SV at certain rates close to the top rate of the UE.  Most of the time, the impact is limited to no more than 2% idle SV.  Please also note the list of TBS considered in Table 2 might not all be valid when is specs is finalized. 
On the other hand, as the UE is operated at lower data rates, growing majority of the SV buffer naturally becomes idle.  For instance, when this hypothetical 148Mbps UE is operated at 48Mbps, 8 code blocks of length 6144 bits are used.  The corresponding occupied SV buffer size is hence 8*193*96 = 148224, which implies 33.33% of the SV buffer is idle.   When the UE is operated at 20Mpbs, more than 70% of the SV buffer is idle.  Similar observations can be made for all three tested UE types.
It is hence concluded the recommended 2-column granularity for 1st stage RM achieves a desirable tradeoff between RM operation complexity and memory usage efficiency.
Table 2 Soft Value Buffer Configuration and Idle Percentage for Different Transport Block Sizes

	TBS
	144Mbps UE
	96Mbps UE
	48Mbps UE

	
	C
	K
	R
	M
	SVidle
	C
	K
	R
	M
	SVidle
	C
	K
	R
	M
	SVidle

	147456
	24
	6144
	193
	48
	0.00%
	
	
	
	
	
	
	
	
	
	

	146432
	24
	6144
	193
	48
	0.00%
	
	
	
	
	
	
	
	
	
	

	145408
	24
	6080
	191
	48
	1.04%
	
	
	
	
	
	
	
	
	
	

	144384
	24
	6016
	189
	48
	2.07%
	
	
	
	
	
	
	
	
	
	

	143360
	24
	6016
	189
	48
	2.07%
	
	
	
	
	
	
	
	
	
	

	142336
	24
	5952
	187
	48
	3.11%
	
	
	
	
	
	
	
	
	
	

	141312
	23
	6144
	193
	50
	0.17%
	
	
	
	
	
	
	
	
	
	

	140288
	23
	6144
	193
	50
	0.17%
	
	
	
	
	
	
	
	
	
	

	139264
	23
	6080
	191
	50
	1.21%
	
	
	
	
	
	
	
	
	
	

	138240
	23
	6016
	189
	50
	2.24%
	
	
	
	
	
	
	
	
	
	

	137216
	23
	6016
	189
	50
	2.24%
	
	
	
	
	
	
	
	
	
	

	136192
	23
	5952
	187
	50
	3.28%
	
	
	
	
	
	
	
	
	
	

	135168
	22
	6144
	193
	52
	0.69%
	
	
	
	
	
	
	
	
	
	

	134144
	22
	6144
	193
	52
	0.69%
	
	
	
	
	
	
	
	
	
	

	133120
	22
	6080
	191
	52
	1.72%
	
	
	
	
	
	
	
	
	
	

	132096
	22
	6016
	189
	52
	2.75%
	
	
	
	
	
	
	
	
	
	

	131072
	22
	6016
	189
	52
	2.75%
	
	
	
	
	
	
	
	
	
	

	130048
	22
	5952
	187
	54
	0.08%
	
	
	
	
	
	
	
	
	
	

	129024
	21
	6144
	193
	54
	1.56%
	
	
	
	
	
	
	
	
	
	

	128000
	21
	6144
	193
	54
	1.56%
	
	
	
	
	
	
	
	
	
	

	126976
	21
	6080
	191
	54
	2.58%
	
	
	
	
	
	
	
	
	
	

	125952
	21
	6016
	189
	56
	0.03%
	
	
	
	
	
	
	
	
	
	

	124928
	21
	5952
	187
	56
	1.09%
	
	
	
	
	
	
	
	
	
	

	123904
	21
	5952
	187
	56
	1.09%
	
	
	
	
	
	
	
	
	
	

	122880
	20
	6144
	193
	56
	2.78%
	
	
	
	
	
	
	
	
	
	

	121856
	20
	6144
	193
	56
	2.78%
	
	
	
	
	
	
	
	
	
	

	120832
	20
	6080
	191
	58
	0.35%
	
	
	
	
	
	
	
	
	
	

	119808
	20
	6016
	189
	58
	1.39%
	
	
	
	
	
	
	
	
	
	

	118784
	20
	5952
	187
	58
	2.44%
	
	
	
	
	
	
	
	
	
	

	117760
	20
	5888
	185
	60
	0.15%
	
	
	
	
	
	
	
	
	
	

	116736
	19
	6144
	193
	60
	1.04%
	
	
	
	
	
	
	
	
	
	

	115712
	19
	6144
	193
	60
	1.04%
	
	
	
	
	
	
	
	
	
	

	114688
	19
	6080
	191
	60
	2.07%
	
	
	
	
	
	
	
	
	
	

	113664
	19
	6016
	189
	60
	3.09%
	
	
	
	
	
	
	
	
	
	

	112640
	19
	5952
	187
	62
	0.92%
	
	
	
	
	
	
	
	
	
	

	111616
	19
	5888
	185
	62
	1.98%
	
	
	
	
	
	
	
	
	
	

	110592
	18
	6144
	193
	64
	0.00%
	
	
	
	
	
	
	
	
	
	

	109568
	18
	6144
	193
	64
	0.00%
	
	
	
	
	
	
	
	
	
	

	108544
	18
	6080
	191
	64
	1.04%
	
	
	
	
	
	
	
	
	
	

	107520
	18
	6016
	189
	64
	2.07%
	
	
	
	
	
	
	
	
	
	

	106496
	18
	5952
	187
	66
	0.08%
	
	
	
	
	
	
	
	
	
	

	105472
	18
	5888
	185
	66
	1.15%
	
	
	
	
	
	
	
	
	
	

	104448
	17
	6144
	193
	66
	2.60%
	
	
	
	
	
	
	
	
	
	

	103424
	17
	6144
	193
	66
	2.60%
	
	
	
	
	
	
	
	
	
	

	102400
	17
	6080
	191
	68
	0.69%
	
	
	
	
	
	
	
	
	
	

	101376
	17
	6016
	189
	68
	1.73%
	
	
	
	
	
	
	
	
	
	

	100352
	17
	5952
	187
	68
	2.77%
	
	
	
	
	
	
	
	
	
	

	99328
	17
	5888
	185
	70
	0.98%
	
	
	
	
	
	
	
	
	
	

	98304
	16
	6144
	193
	72
	0.00%
	16
	6144
	193
	48
	0.00%
	
	
	
	
	

	97280
	16
	6080
	191
	72
	1.04%
	16
	6080
	191
	48
	1.04%
	
	
	
	
	

	96256
	16
	6016
	189
	72
	2.07%
	16
	6016
	189
	48
	2.07%
	
	
	
	
	

	95232
	16
	5952
	187
	74
	0.42%
	16
	5952
	187
	48
	3.11%
	
	
	
	
	

	94208
	16
	5888
	185
	74
	1.48%
	16
	5888
	185
	50
	0.15%
	
	
	
	
	

	93184
	16
	5824
	183
	74
	2.55%
	16
	5824
	183
	50
	1.23%
	
	
	
	
	

	92160
	15
	6144
	193
	76
	1.04%
	15
	6144
	193
	50
	2.34%
	
	
	
	
	

	91136
	15
	6080
	191
	76
	2.07%
	15
	6080
	191
	50
	3.36%
	
	
	
	
	

	90112
	15
	6016
	189
	78
	0.54%
	15
	6016
	189
	52
	0.54%
	
	
	
	
	

	89088
	15
	5952
	187
	78
	1.59%
	15
	5952
	187
	52
	1.59%
	
	
	
	
	

	88064
	15
	5888
	185
	80
	0.15%
	15
	5888
	185
	52
	2.65%
	
	
	
	
	

	87040
	15
	5824
	183
	80
	1.23%
	15
	5824
	183
	52
	3.70%
	
	
	
	
	

	86016
	14
	6144
	193
	82
	0.35%
	14
	6144
	193
	54
	1.56%
	
	
	
	
	

	84992
	14
	6080
	191
	82
	1.38%
	14
	6080
	191
	54
	2.58%
	
	
	
	
	

	83968
	14
	6016
	189
	84
	0.03%
	14
	6016
	189
	56
	0.03%
	
	
	
	
	

	82944
	14
	5952
	187
	84
	1.09%
	14
	5952
	187
	56
	1.09%
	
	
	
	
	

	81920
	14
	5888
	185
	84
	2.15%
	14
	5888
	185
	56
	2.15%
	
	
	
	
	

	80896
	14
	5824
	183
	86
	0.90%
	14
	5824
	183
	56
	3.21%
	
	
	
	
	

	79872
	13
	6144
	193
	88
	0.69%
	13
	6144
	193
	58
	1.82%
	
	
	
	
	

	78848
	13
	6080
	191
	88
	1.72%
	13
	6080
	191
	58
	2.84%
	
	
	
	
	

	77824
	13
	6016
	189
	90
	0.54%
	13
	6016
	189
	60
	0.54%
	
	
	
	
	

	76800
	13
	5952
	187
	90
	1.59%
	13
	5952
	187
	60
	1.59%
	
	
	
	
	

	75776
	13
	5888
	185
	92
	0.48%
	13
	5888
	185
	60
	2.65%
	
	
	
	
	

	74752
	13
	5760
	181
	94
	0.52%
	13
	5760
	181
	62
	1.58%
	
	
	
	
	

	73728
	12
	6144
	193
	96
	0.00%
	12
	6144
	193
	64
	0.00%
	
	
	
	
	

	72704
	12
	6080
	191
	96
	1.04%
	12
	6080
	191
	64
	1.04%
	
	
	
	
	

	71680
	12
	6016
	189
	96
	2.07%
	12
	6016
	189
	64
	2.07%
	
	
	
	
	

	70656
	12
	5888
	185
	96
	4.15%
	12
	5888
	185
	66
	1.15%
	
	
	
	
	

	69632
	12
	5824
	183
	96
	5.18%
	12
	5824
	183
	66
	2.22%
	
	
	
	
	

	68608
	12
	5760
	181
	96
	6.22%
	12
	5760
	181
	68
	0.36%
	
	
	
	
	

	67584
	11
	6144
	193
	96
	8.33%
	11
	6144
	193
	68
	2.60%
	
	
	
	
	

	66560
	11
	6080
	191
	96
	9.28%
	11
	6080
	191
	70
	0.78%
	
	
	
	
	

	65536
	11
	6016
	189
	96
	10.23%
	11
	6016
	189
	70
	1.82%
	
	
	
	
	

	64512
	11
	5888
	185
	96
	12.13%
	11
	5888
	185
	72
	1.15%
	
	
	
	
	

	63488
	11
	5824
	183
	96
	13.08%
	11
	5824
	183
	72
	2.22%
	
	
	
	
	

	62464
	11
	5696
	179
	96
	14.98%
	11
	5696
	179
	74
	1.70%
	
	
	
	
	

	61440
	10
	6144
	193
	96
	16.67%
	10
	6144
	193
	76
	1.04%
	
	
	
	
	

	60416
	10
	6080
	191
	96
	17.53%
	10
	6080
	191
	76
	2.07%
	
	
	
	
	

	59392
	10
	5952
	187
	96
	19.26%
	10
	5952
	187
	78
	1.59%
	
	
	
	
	

	58368
	10
	5888
	185
	96
	20.12%
	10
	5888
	185
	80
	0.15%
	
	
	
	
	

	57344
	10
	5760
	181
	96
	21.85%
	10
	5760
	181
	80
	2.31%
	
	
	
	
	

	56320
	10
	5632
	177
	96
	23.58%
	10
	5632
	177
	82
	2.08%
	
	
	
	
	

	55296
	9
	6144
	193
	96
	25.00%
	9
	6144
	193
	84
	1.56%
	
	
	
	
	

	54272
	9
	6080
	191
	96
	25.78%
	9
	6080
	191
	86
	0.26%
	
	
	
	
	

	53248
	9
	5952
	187
	96
	27.33%
	9
	5952
	187
	88
	0.08%
	
	
	
	
	

	52224
	9
	5824
	183
	96
	28.89%
	9
	5824
	183
	88
	2.22%
	
	
	
	
	

	51200
	9
	5696
	179
	96
	30.44%
	9
	5696
	179
	92
	0.01%
	
	
	
	
	

	50176
	9
	5632
	177
	96
	31.22%
	9
	5632
	177
	92
	1.13%
	
	
	
	
	

	49152
	8
	6144
	193
	96
	33.33%
	8
	6144
	193
	96
	0.00%
	8
	6144
	193
	48
	0.00%

	48128
	8
	6016
	189
	96
	34.72%
	8
	6016
	189
	96
	2.07%
	8
	6016
	189
	48
	2.07%

	47104
	8
	5888
	185
	96
	36.10%
	8
	5888
	185
	96
	4.15%
	8
	5888
	185
	50
	0.15%

	46080
	8
	5760
	181
	96
	37.48%
	8
	5760
	181
	96
	6.22%
	8
	5760
	181
	50
	2.31%

	45056
	8
	5632
	177
	96
	38.86%
	8
	5632
	177
	96
	8.29%
	8
	5632
	177
	52
	0.65%

	44032
	8
	5504
	173
	96
	40.24%
	8
	5504
	173
	96
	10.36%
	8
	5504
	173
	52
	2.89%

	43008
	7
	6144
	193
	96
	41.67%
	7
	6144
	193
	96
	12.50%
	7
	6144
	193
	54
	1.56%

	41984
	7
	6016
	189
	96
	42.88%
	7
	6016
	189
	96
	14.31%
	7
	6016
	189
	56
	0.03%

	40960
	7
	5888
	185
	96
	44.08%
	7
	5888
	185
	96
	16.13%
	7
	5888
	185
	56
	2.15%

	39936
	7
	5760
	181
	96
	45.29%
	7
	5760
	181
	96
	17.94%
	7
	5760
	181
	58
	0.84%

	38912
	7
	5568
	175
	96
	47.11%
	7
	5568
	175
	96
	20.66%
	7
	5568
	175
	60
	0.83%

	37888
	7
	5440
	171
	96
	48.32%
	7
	5440
	171
	96
	22.47%
	7
	5440
	171
	60
	3.09%

	36864
	6
	6144
	193
	96
	50.00%
	6
	6144
	193
	96
	25.00%
	6
	6144
	193
	64
	0.00%

	35840
	6
	6016
	189
	96
	51.04%
	6
	6016
	189
	96
	26.55%
	6
	6016
	189
	64
	2.07%

	34816
	6
	5824
	183
	96
	52.59%
	6
	5824
	183
	96
	28.89%
	6
	5824
	183
	66
	2.22%

	33792
	6
	5632
	177
	96
	54.15%
	6
	5632
	177
	96
	31.22%
	6
	5632
	177
	68
	2.56%

	32768
	6
	5504
	173
	96
	55.18%
	6
	5504
	173
	96
	32.77%
	6
	5504
	173
	70
	1.96%

	31744
	6
	5312
	167
	96
	56.74%
	6
	5312
	167
	96
	35.10%
	6
	5312
	167
	72
	2.66%

	30720
	5
	6144
	193
	96
	58.33%
	5
	6144
	193
	96
	37.50%
	5
	6144
	193
	76
	1.04%

	29696
	5
	5952
	187
	96
	59.63%
	5
	5952
	187
	96
	39.44%
	5
	5952
	187
	78
	1.59%

	28672
	5
	5760
	181
	96
	60.92%
	5
	5760
	181
	96
	41.39%
	5
	5760
	181
	80
	2.31%

	27648
	5
	5568
	175
	96
	62.22%
	5
	5568
	175
	96
	43.33%
	5
	5568
	175
	84
	0.83%

	26624
	5
	5376
	169
	96
	63.51%
	5
	5376
	169
	96
	45.27%
	5
	5376
	169
	86
	1.95%

	25600
	5
	5120
	161
	96
	65.24%
	5
	5120
	161
	96
	47.86%
	5
	5120
	161
	92
	0.07%

	24576
	4
	6144
	193
	96
	66.67%
	4
	6144
	193
	96
	50.00%
	4
	6144
	193
	96
	0.00%

	23552
	4
	5888
	185
	96
	68.05%
	4
	5888
	185
	96
	52.07%
	4
	5888
	185
	96
	4.15%

	22528
	4
	5632
	177
	96
	69.43%
	4
	5632
	177
	96
	54.15%
	4
	5632
	177
	96
	8.29%

	21504
	4
	5376
	169
	96
	70.81%
	4
	5376
	169
	96
	56.22%
	4
	5376
	169
	96
	12.44%

	20480
	4
	5120
	161
	96
	72.19%
	4
	5120
	161
	96
	58.29%
	4
	5120
	161
	96
	16.58%

	19456
	4
	4864
	153
	96
	73.58%
	4
	4864
	153
	96
	60.36%
	4
	4864
	153
	96
	20.73%

	18432
	3
	6144
	193
	96
	75.00%
	3
	6144
	193
	96
	62.50%
	3
	6144
	193
	96
	25.00%









































� The term ”two-stage rate matching” may be a bit misleading as it does not directly imply two independent rate matcing stages as in HSPA but rather a mechanism in the circular buffer rate matching stage limiting the required soft buffer size at the UE.





_1255974039.unknown

_1256021434.unknown

_1256021827.unknown

_1256021797.unknown

_1256019509.unknown

_1255974053.unknown

_1248980628.unknown

_1250238859.unknown

_1250528443.unknown

_1255629147.unknown

_1255629168.unknown

_1255628841.unknown

_1250451164.unknown

_1249087267.unknown

_1249087298.unknown

_1248980883.unknown

_1248980463.unknown

_1248980593.unknown

_1248980402.unknown

