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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 36.141 [1], there are many tables indicating which RBs in a subframe are boosted for several test models. For example:
· E-TM1.2 (section 6.1.1.2), E-TM3.2 (section 6.1.1.5), E-TM3.3 (section 6.1.1.6): for FDD, there are 60 entries resulting from ten 1-ms subframes  6 bandwidths [1.4, 3, 5, 10, 15, 20 MHz]. For TDD, there are 84 entries (two frames  ten 1-ms subframes  6 bandwidths).
As a result of this complexity in the specification, in RAN#87, WF [3] described 
[…]
· For each TM specific list of parameters should be create. There may be different list of parameters for each frequency range.
· Efficient way to introduce list of parameters for TM (e.g. boosted PRBs and allocated PRBs for given test models) should be consider. 
[…]
Given the increased number of bandwidths and inclusion of other features, a methodical approach to generating the lists is preferred from a maintainability and specification perspective. The contribution first illustrates the complexity and potential limitations for the existing 36.141 tables. An alternative approach using quadratic permutation polynomials (i.e. the basis for turbo code interleavers [2]) is proposed.
Discussion
Background
For E-TM1.2, E-TM3.2, and E-TM3.3 [1], the PRBs are partitioned into two sets: the first Nboost RBs are boosted (attenuated) by 10 log10 pboost dB from the available resource blocks NRB while the remaining NRB‑Nboost RBs are attenuated (boosted) by |10 log10 patten| dB where

Typical values for the ratio of NRB/Nboost and pboost are 2.5 and 3 dB, respectively, for E-TM1.2. For E-TM3.2, the typical values for NRB/Nboost and pboost are 5/3 and -3 dB, respectively. For E-TM3.2, the typical values for NRB/Nboost and pboost are 2 and -6 dB, respectively.
One issue is identifying which Nboost RBs to boost. In general, there are  possible patterns. Aggregating the patterns listed in 36.141 for all 10 slots for 100 RB FDD E-TM1.2 test, Figure 1 shows an unequal distribution of excited RBs in the test. Figure 2 shows which RBs are used in a particular subframe.
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	[bookmark: _Ref516230797]Figure 1. E-TM1.2 100 RBs all subframes
	[bookmark: _Ref516669530]Figure 2. Subframe 6



Appendix A shows distributions for E-TM1.2, FDD. Appendix B shows selected distributions (25 and 100 RBs) for E-TM1.2, TDD. Appendix C shows distributions for E-TM3.2, FDD. Appendix D shows selected distributions for E-TM3.2, TDD. Appendix E shows distributions for E-TM3.3, FDD. Appendix F shows selected distributions for E-TM3.3, TDD. Appendix G shows the distributions for 2 subframes of FDD E-TM1.2.
In examining the graphs in the appendices, the distributions tended to be uniform when averaged over all the subframes. Yet on individual subframes, the selected RBs tend to be clustered in small batches (e.g. Appendix G)
Observation: There tends to be uniform distribution of boosted / attenuated RBs in LTE test models.
Considerations
The general problem is to excite all RBs on average. This problem is analogous of distributing a group of bits across a block (e.g. turbo interleaving). In looking at Table 5.1.3-3 in 36.212 [2], the interleaver is parameterized by coefficients f1 and f2 as well as the block size N. Bit k is placed at location (k) using a 1-to-1 mapping.

It is proposed to apply the turbo interleaver concept to the RB selection. Suppose there are Nboost RBs (labeled 0 to Nboost‑1) and the channel has NRB RBs. The following formula places the Nboost RBs across the NRB RBs according to

The function g(s) is used to position the RBs at different locations for each slot. Conceptually, Nboost logically consecutive RBs are placed in mostly non-consecutive locations in frequency. The function g(s) just moves the locations from slot-to-slot.
For one example with NRB=100 and Nboost=40, f1=61, f2=40, g(s)=10s and Nslot=10. Figure 3 shows the distribution for 10 slots and that, on average, all RBs are equally excited. Figure 4 shows the distribution for slot 0. Appendix H shows more slots.
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	[bookmark: _Ref516232143]Figure 3. 10 slot distribution
	[bookmark: _Ref516232146]Figure 4. slot 0



Parameter selection
Table 1 identifies the RBs and the number of parameter sets (f1 and f2) that have a unique mapping for all RBs from 11 to 275. The yellow shading indicates the RB sizes specified in 38.104. For 12 RBs, there are 4 possible sets to consider. For certain bandwidths there are no parameter sets (e.g., 11 RBs). To resolve this issue, some alternatives are presented.
[bookmark: _Ref516232303]Table 1. Number of candidates to consider for NRB. Yellow shading indicates defined RBs for the allowed bandwidths
	NRB
	#Cand
	NRB
	#Cand
	NRB
	#Cand
	NRB
	#Cand
	NRB
	#Cand

	11
	None
	65
	None
	119
	None
	173
	None
	227
	None

	12
	4
	66
	20
	120
	96
	174
	56
	228
	72

	13
	None
	67
	None
	121
	1100
	175
	480
	229
	None

	14
	6
	68
	32
	122
	60
	176
	560
	230
	88

	15
	None
	69
	None
	123
	None
	177
	None
	231
	None

	16
	56
	70
	24
	124
	60
	178
	88
	232
	336

	17
	None
	71
	None
	125
	2400
	179
	None
	233
	None

	18
	30
	72
	264
	126
	180
	180
	240
	234
	360

	19
	None
	73
	None
	127
	None
	181
	None
	235
	None

	20
	8
	74
	36
	128
	4032
	182
	72
	236
	116

	21
	None
	75
	160
	129
	None
	183
	None
	237
	None

	22
	10
	76
	36
	130
	48
	184
	264
	238
	96

	23
	None
	77
	None
	131
	None
	185
	None
	239
	None

	24
	24
	78
	24
	132
	40
	186
	60
	240
	448

	25
	80
	79
	None
	133
	None
	187
	None
	241
	None

	26
	12
	80
	224
	134
	66
	188
	92
	242
	2310

	27
	144
	81
	1404
	135
	576
	189
	864
	243
	12960

	28
	12
	82
	40
	136
	192
	190
	72
	244
	120

	29
	None
	83
	None
	137
	None
	191
	None
	245
	1008

	30
	8
	84
	24
	138
	44
	192
	1984
	246
	80

	31
	None
	85
	None
	139
	None
	193
	None
	247
	None

	32
	240
	86
	42
	140
	48
	194
	96
	248
	360

	33
	None
	87
	None
	141
	None
	195
	None
	249
	None

	34
	16
	88
	120
	142
	70
	196
	1092
	250
	4900

	35
	None
	89
	None
	143
	None
	197
	None
	251
	None

	36
	60
	90
	120
	144
	1104
	198
	300
	252
	360

	37
	None
	91
	None
	145
	None
	199
	None
	253
	None

	38
	18
	92
	44
	146
	72
	200
	1520
	254
	126

	39
	None
	93
	None
	147
	504
	201
	None
	255
	None

	40
	48
	94
	46
	148
	72
	202
	100
	256
	16256

	41
	None
	95
	None
	149
	None
	203
	None
	257
	None

	42
	12
	96
	480
	150
	360
	204
	64
	258
	84

	43
	None
	97
	None
	151
	None
	205
	None
	259
	None

	44
	20
	98
	546
	152
	216
	206
	102
	260
	96

	45
	48
	99
	120
	153
	192
	207
	264
	261
	336

	46
	22
	100
	360
	154
	60
	208
	672
	262
	130

	47
	None
	101
	None
	155
	None
	209
	None
	263
	None

	48
	112
	102
	32
	156
	48
	210
	48
	264
	240

	49
	252
	103
	None
	157
	None
	211
	None
	265
	None

	50
	180
	104
	144
	158
	78
	212
	104
	266
	108

	51
	None
	105
	None
	159
	None
	213
	None
	267
	None

	52
	24
	106
	52
	160
	960
	214
	106
	268
	132

	53
	None
	107
	None
	161
	None
	215
	None
	269
	None

	54
	306
	108
	612
	162
	2862
	216
	2520
	270
	1224

	55
	None
	109
	None
	163
	None
	217
	None
	271
	None

	56
	72
	110
	40
	164
	80
	218
	108
	272
	896

	57
	None
	111
	None
	165
	None
	219
	None
	273
	None

	58
	28
	112
	336
	166
	82
	220
	80
	274
	136

	59
	None
	113
	None
	167
	None
	221
	None
	
	

	60
	16
	114
	36
	168
	144
	222
	72
	
	

	61
	None
	115
	None
	169
	1872
	223
	None
	
	

	62
	30
	116
	56
	170
	64
	224
	1440
	
	

	63
	72
	117
	144
	171
	216
	225
	1680
	
	

	64
	992
	118
	58
	172
	84
	226
	112
	
	



Issue 1. How to select (f1 and f2)
· When N is even: i) f1 is odd (relatively prime to N), and ii) all prime factors of N are also factors of f2 [4].
· When N is odd and factorable, it must be divisible by q2 where q is a prime factor of N. This is why 11 has no sets but 121 has 1100 sets.
· Maximize distances [5]
· Compute searches as done above
Issue 2. How to select g(s)
· One approach is to make the function related to the bandwidth and number of slots in the measurement: floor(NRB/Nslots)s. 
· Another is to use different (f1 and f2) as a function of slot number.
Issue 3. How to select (f1 and f2) if no sets are available for an NRB value
· Select the next NRB value with available set, such as  . Generate the mapping but skip over the mapping if that position is not defined


Example
Let  and Nboost=5. Because there are no factors for 11, using the procedure in the previous section, the parameters for NRB=12 are (1,6), (5,6), (7,6), and (11,6). Selecting the (11,6) set, the interleaver (k) = { 0, 5, 10, 3, 8, 1, 6, 11, 4, 9, 2, 7}. Assuming g(s) = s, then the selected sequence is presented in Table 2. Notice the skip for position 11.
[bookmark: _Ref516235036]Table 2. Example
	Slot
	
	Slot
	
	Slot
	

	0
	0, 5, 10, 3, 8
	4
	8, 1, 6, 4, 9
	8
	4, 9, 2, 7, 0

	1
	5, 10, 3, 8, 1
	5
	1, 6, 4, 9, 2
	9
	9, 2, 7, 0, 5

	2
	10, 3, 8, 1, 6
	6
	6, 4, 9, 2, 7
	
	

	3
	3, 8, 1, 6, 4
	7
	4, 9, 2, 7, 0
	
	



Although the above example is trivial, the procedure is extensible.
Conclusion
In 36.141, the tables for RB boosting:
Observation: There tends to be uniform distribution of boosted / attenuated RBs in LTE test models.
This contribution presented a parameterized approach to identify RBs for testing. The approach is extensible and can account for skips if needed.
Proposal: consider a turbo-like interleaver for RB selection for the generation of the test models.
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Appendix A: E-TM1.2 FDD, distribution of excited RBs
Figure 5-Figure 8 show the distributions for E-TM1.2, FDD for 15, 25, 50, and 75 RBs, respectively. There should be ~40% (4 subframes out of 10) in which a particular RB is excited.
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	[bookmark: _Ref515865473]Figure 5. 15 RBs, LTE
	[bookmark: _Ref515865474]Figure 6. 25 RBs, LTE
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	[bookmark: _Ref515865476]Figure 7. 50 RBs, LTE
	[bookmark: _Ref515865477]Figure 8. 75 RBs, LTE



Appendix B: E-TM1.2 TDD Frames 1 and 2, distribution of excited RBs
Figure 9-Figure 12 show selected distributions (25 and 100 RBs) for E-TM1.2, TDD on a per frame basis for 25 and 100 RBs, respectively. There are two frames used for TDD (~6 subframes/frame). With 40% boosting, about on average each RB should be excited twice per frame.
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	[bookmark: _Ref517678264]Figure 9. 25 RBs, LTE frame 1
	Figure 10. 25 RBs, LTE frame 2
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	Figure 11. 100 RBs, LTE frame 1
	[bookmark: _Ref517678287]Figure 12. 100 RBs, LTE frame 2



Appendix C: E-TM3.2 FDD Frame, distribution of attenuated RBs
Figure 13-Figure 16 shows the distributions for E-TM3.2, FDD for 15, 25, 50, and 100 RBs, respectively. Approximately each RB should be attenuated 6 times per frame.
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	[bookmark: _Ref517678516]Figure 13. 15 RBs, LTE
	Figure 14. 25 RBs, LTE
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	Figure 15. 50 RBs, LTE
	[bookmark: _Ref517678520]Figure 16. 100 RBs, LTE



Appendix D: E-TM3.2 TDD Frames 1 and 2, excited RBs
Figure 17-Figure 20 show selected distributions for E-TM3.2, TDD. 
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	[bookmark: _Ref517678714]Figure 17. 25 RBs, LTE frame 1
	[bookmark: _Ref517678784]Figure 18. 25 RBs, LTE frame 2
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	Figure 19. 100 RBs, LTE frame 1
	[bookmark: _Ref517678717]Figure 20. 100 RBs, LTE frame 2



Appendix E: E-TM3.3FDD Frame, attenuated RBs
Figure 21-Figure 24 show the distributions for E-TM3.3, FDD for 15, 25, 50, and 100 RBs respectively. Approximately each RB should be excited 5 times per frame. 
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	[bookmark: _Ref517678853]Figure 21. 15 RBs, LTE
	Figure 22. 25 RBs, LTE
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	Figure 23. 50 RBs, LTE
	[bookmark: _Ref517678855]Figure 24. 100 RBs, LTE



Appendix F: E-TM3.3 TDD Frames 1 and 2, excited RBs
Figure 25-Figure 28 show selected distributions for E-TM3.3, TDD for 25 and 100 RBs respectively for both frames.
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	[bookmark: _Ref517678955]Figure 25. 25 RBs, LTE frame 1
	Figure 26. 25 RBs, LTE frame 2
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	Figure 27. 100 RBs, LTE frame 1
	[bookmark: _Ref517678957]Figure 28. 100 RBs, LTE frame 2



Appendix G: E-TM1.2 FDD, selected subframes, 100 RBs
Figure 29 and Figure 30 show the distributions for 2 subframes of FDD E-TM1.2.
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	[bookmark: _Ref517679075]Figure 29. Subframe 1
	[bookmark: _Ref517679077]Figure 30. Subframe 3



Appendix H: Example Distribution of Excited RBs for NR
In Figure 31 and Figure 32, the 40% distribution (from E-TM1.2) is generated using a turbo interleaver for 2 slots.
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	[bookmark: _Ref515871927]Figure 31. 100 RBs, NR, slot 0
	[bookmark: _Ref515871929]Figure 32. 100 RBs, NR slot 5
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