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Introduction
A remaining detail in the test model design is how to ensure all the symbols of the slot are the same power and which designs are feasible from an implementation perspective. In RAN4#90, a way forward listing some possible options for filling the symbols are captured [1]. This contribution examines each option and provides a recommended set of options.
Background
A description of the current layout is shown in Figure 1 for no boosting, single RB, and boosting.
NRB-3 (fill)
3 (PDCCH)
2 symbols (control region)
12 symbols
(PDSCH)
(PDSCH)
(PDSCH 2)
(PDSCH 1)

[bookmark: _Ref535838804]Figure 1. Current layout (TM1.1, 3.1 left), (TM2 center), (TM1.2, 3.2, 3.3 right)
General
The CORESET for the control channel spans two symbols and occupies 6 RBs in frequency. This CORESET configuration is used for all bandwidths.
TM2
The current layout was applicable for all test models. However, the requirements for the control region of TM2 are different than the other test models because the shared channel region has only one RB. Some requirements are:
· The number of occupied RBs for the control region should be minimized. With two symbols for control, either 3 RBs (1 CCE) or 6 RBs (2 CCEs) should be considered.
· For synchronization purposes, more PDCCH in the frequency domain is preferred
Observation 1: If necessary the design of the PDCCH for TM2 can be decoupled from the other TMs because the goals are different. 
Other TMs
The requirements for the other TMs are re-examined
· The resources for the control channel are configurable (location in symbols, location in frequency, and periodicity)
· Unlike LTE, the PDSCH can be located in different slots as the corresponding PDCCH
· Unlike TM2, the PDCCH is not necessary for synchronization
· With PDSCH mapping type A, the DMRS for the shared channel is located on the third symbol of the slot. To ensure high quality results for EVM testing, it is preferable to begin measurements on the third symbol. One approach to ensure this is to configure the PDCCH to occupy 2 symbols.
Discussion
The WF [1] listed 6 options including two new options. In [2], a brief description and analysis of several options is provided.
Option 1
Option 1 fills the control symbols with as many PDCCH as possible, as shown in Figure 2. 
x RB (unfill)
y (PDCCH)
2 symbols (control region)
12 symbols
(PDSCH)

[bookmark: _Ref3358802]Figure 2. Filling with PDCCH
The number of RBs for PDCCH is a function of the bandwidth. The number of available CCEs as a function of the number of symbols n is

In order to fill out symbol, the number of PDCCH is (assuming aggregation level AL=16)

The remaining PDCCHs with AL=L is 

The number of used CCEs  subject to a limit of PDCCH  is 


for (i=4; i≥0; i=i-1)

if (


Once the number of used CCEs is determined, the number of unoccupied RBs per symbol is

The power scaling per RB is per symbol is

This procedure is applied to two cases: n=1 symbol with  and n=2 symbols with . Table 1 shows the scaling for the set of bandwidths for both cases. The shading in the table:
· Light green / light blue: duplicated CCE/PDCCH pattern
· Yellow: PDCCH not used because the limit was reached
[bookmark: _Ref3298353]Table 1. Number of PDCCH as a function of bandwidth. Yellow cells are not considered in total.
	
	Per Symbol
	Per 2 Symbols

	BW
	
	#16
	#8
	#4
	#2
	#1
	
	scaling, dB
	
	#16
	#8
	#4
	#2
	#1
	 per symbol
	scaling, dB

	11
	1
	0
	0
	0
	0
	1
	1
	2.63
	2
	0
	0
	0
	1
	0
	1
	2.63

	18
	3
	0
	0
	0
	1
	1
	3
	0
	6
	0
	0
	1
	1
	0
	3
	0.00

	24
	4
	0
	0
	1
	0
	0
	4
	0
	8
	0
	1
	0
	0
	0
	4
	0.00

	25
	4
	0
	0
	1
	0
	0
	4
	0.18
	8
	0
	1
	0
	0
	0
	4
	0.18

	31
	5
	0
	0
	1
	0
	1
	5
	0.14
	10
	0
	1
	0
	1
	0
	5
	0.14

	32
	5
	0
	0
	1
	0
	1
	5
	0.28
	10
	0
	1
	0
	1
	0
	5
	0.28

	38
	6
	0
	0
	1
	1
	0
	6
	0.23
	12
	0
	1
	1
	0
	0
	6
	0.23

	51
	8
	0
	1
	0
	0
	0
	8
	0.26
	16
	1
	0
	0
	0
	0
	8
	0.26

	52
	8
	0
	1
	0
	0
	0
	8
	0.35
	16
	1
	0
	0
	0
	0
	8
	0.35

	65
	10
	0
	1
	0
	1
	0
	10
	0.35
	20
	1
	0
	1
	0
	0
	10
	0.35

	66
	11
	0
	1
	0
	1
	1
	11
	0
	22
	1
	0
	1
	1
	0
	11
	0.00

	78
	13
	0
	1
	1
	0
	1
	13
	0
	26
	1
	1
	0
	1
	0
	13
	0.00

	79
	13
	0
	1
	1
	0
	1
	13
	0.06
	26
	1
	1
	0
	1
	0
	13
	0.06

	93
	15
	0
	1
	1
	1
	1
	14
	0.44
	30
	1
	1
	1
	1
	0
	15
	0.14

	106
	17
	1
	0
	0
	0
	1
	17
	0.17
	34
	2
	0
	0
	1
	0
	17
	0.17

	107
	17
	1
	0
	0
	0
	1
	17
	0.21
	34
	2
	0
	0
	1
	0
	17
	0.21

	121
	20
	1
	0
	1
	0
	0
	20
	0.04
	40
	2
	1
	0
	0
	0
	20
	0.04

	132
	22
	1
	0
	1
	1
	0
	22
	0
	44
	2
	1
	1
	0
	0
	22
	0.00

	133
	22
	1
	0
	1
	1
	0
	22
	0.03
	44
	2
	1
	1
	0
	0
	22
	0.03

	135
	22
	1
	0
	1
	1
	0
	22
	0.10
	44
	2
	1
	1
	0
	0
	22
	0.10

	160
	26
	1
	1
	0
	1
	0
	26
	0.11
	52
	3
	0
	1
	0
	0
	26
	0.11

	162
	27
	1
	1
	0
	1
	1
	26
	0.16
	54
	3
	0
	1
	1
	0
	27
	0.00

	189
	31
	1
	1
	1
	1
	1
	28
	0.51
	62
	3
	1
	1
	1
	0
	31
	0.07

	216
	36
	2
	0
	1
	0
	0
	36
	0
	72
	4
	1
	0
	0
	0
	36
	0.00

	217
	36
	2
	0
	1
	0
	0
	36
	0.02
	72
	4
	1
	0
	0
	0
	36
	0.02

	245
	40
	2
	1
	0
	0
	0
	40
	0.09
	80
	5
	0
	0
	0
	0
	40
	0.09

	264
	44
	2
	1
	1
	0
	0
	40
	0.41
	88
	5
	1
	0
	0
	0
	44
	0.00

	270
	45
	2
	1
	1
	0
	1
	40
	0.51
	90
	5
	1
	0
	1
	0
	44
	0.10

	273
	45
	2
	1
	1
	0
	1
	40
	0.56
	90
	5
	1
	0
	1
	0
	44
	0.15



General observations:
· For 1 symbol: 20 different CCE/PDCCH patterns are needed
· For 2 symbols: 20 different CCE/PDCCH patterns are needed
· The power scaling is smaller with two symbols especially for larger bandwidths
If the PSD and occupied resources were plotted as shown in Figure 3, the scaling causes a boost in the PSD. 
Frequency
Channel BW
Occupied RB
PSD

[bookmark: _Ref3357973]Figure 3. Alternate view of PDCCH filling
Some analysis of this option is
Observation 2: for a number of defined bandwidths, the occupied bandwidth is less than the defined bandwidth. When coupled with the limit on the number of PDCCH, there can be up to 33 unoccupied RBs.
Observation 3: If a fully occupied bandwidth is needed for RF considerations, this option may not be suitable.
Observation 4: The large number of PDCCH configurations can make this option difficult to implement
Option 2
Option 2 is shown in Figure 4. For the full bandwidth test models, a PDSCH B is introduced for the first 2 symbols. In addition the PDCCH fully occupies 6 RBs for all test models in order to simplify implementation. Option 2 requires implementation of PDSCH mapping type B for PDSCH B. The other PDSCH(s) use PDSCH mapping type A.
Observation 5: Option 2 ensures the entire bandwidth is fully occupied. No scaling is needed.
Observation 6: Option 2 allows the same PDCCH configuration for all test models. 
Observation 7: Option 2 requires both PDSCH mapping types.
Observation 8: For EVM tests, PDSCH B is not measured.
NRB-6 (fill)
6 (PDCCH)
2 symbols (control region)
12 symbols
(PDSCH)
(PDSCH)
(PDSCH 2)
(PDSCH 1)
(PDSCH B)
(PDSCH B)

[bookmark: _Ref3362188]Figure 4. Option 2 (TM1.1, 3.1 left), (TM2 center), (TM1.2, 3.2, 3.3 right)
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Figure 5. PSD of control region for option 2
Option 3
Option 3, shown in Figure 6, is based on the capability of PDSCH “wrapping around” PDCCH (or equivalently cutouts). For TM1.1 and TM3.1, the PDSCH fills the remaining RBs in the control symbols. For TM3.1, since the modulation of the PDCCH and PDSCH will be different, there may be some RF considerations. For TM2, no wrapping is proposed. For the boosting test models, the number of RBs dedicated for PDCCH is 3 times the RBG size. In addition, scaling is needed to ensure the power per symbol is the same. The resulting PSD is shown in Figure 7 for TM1.2, TM3.2, TM3.3
Observation 9: With option 3, No scaling is needed for TM1.1 and TM3.1 but the modulation may be different between the PDSCH and PDCCH.
Observation 10: With option 3, scaling is needed for TM1.2, TM3.2, and TM3.3. Note that the PSD is more complicated. 
The formula for the scaling assuming an RBG size of P RBs, a boosting level B (dB), and the number of boosted RBGs NRBG for NRB bandwidth is: (this formula is applicable to all BWs except 11 RBs)


NRB-6 (fill)
6 (PDCCH)
2 symbols (control region)
12 symbols
(PDSCH)
(PDSCH)
(PDSCH 2)
(PDSCH 1)

[bookmark: _Ref3363322]Figure 6. Option 3 (TM1.1, 3.1 left), (TM2 center), (TM1.2, 3.2, 3.3 right)
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[bookmark: _Ref3364273]Figure 7. PSD of control and data regions for TM1.1, TM3.2, TM3.2
Option 4
Option 4 is similar to option 1 except there are 2 CORESETs: the first CORESET is used for all TMs while the second CORESET (PDCCH B) is for all TMs except TM2. See Figure 8. The procedure for determining the number of PDCCH is similar as described for option 1 except that:

Observation 11: The one advantage of option 4 over option 1 is the design is applicable to TM2.
x RB (unfill)
6 (PDCCH)
2 symbols (control region)
12 symbols
(PDSCH)
NRB-6-x (PDCCH B)

[bookmark: _Ref3378578]Figure 8. Option 4
Option 9
Option 9 is based on the premise that PDCCH is not needed. The resulting TM is shown in Figure 9. 
Observation 12: Option 9 requires a separate design for TM2.
Observation 13: for consistency across test models, EVM measurement should skip the first 2 symbols of the slot.
2 symbols (control region)
12 symbols
(PDSCH)
(PDSCH)
(PDSCH 2)
(PDSCH 1)

[bookmark: _Ref3379818]Figure 9. Option 9 (TM1.1, 3.1 left), (TM2 center), (TM1.2, 3.2, 3.3 right)
Option 10
Option 10 combines elements of option 9 and option 2 as shown in Figure 10. 
For TM1.1 and TM3.1, both PDSCH C and PDCCH span 6 RBs. PDSCH C uses the same modulation as PDSCH.
For the boosting TMs, the question is whether the number of RBs for the PDCCH is related to the group size P. For example for P=2, the number of RBs for the PDCCH is 6. Likewise, for P=4, the number of RBs for the PDCCH is 12. For P=8, the number of RBs for the PDCCH is 24. For P=16, the number of RBs for the PDCCH is 18. In that case, the pattern of boosted RBGs would change from 0, 2, 4, 6, 8, … to 3, 4, 5, 6, 8, … The same boosting formulas for the TM would be applicable as the scaling for PDCCH. An example PSD is shown in Figure 11. The modulation of PDSCH C would follow the modulation of PDSCH 2.
2 symbols (control region)
12 symbols
(PDSCH)
(PDSCH 2)
(PDSCH 1)
(PDSCH)
(PDSCH C)
(PDSCH C)

[bookmark: _Ref3380799]Figure 10. Option 10 (TM1.1, 3.1 left), (TM2 center), (TM1.2, 3.2, 3.3 right)
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[bookmark: _Ref3382485]Figure 11. PSD of control and data regions for TM1.1, TM3.2, TM3.2
Observation 14: For boosted TMs, option 10 can be supported if there is a reordering of RBGs and the number of RBs for the PDCCH is divisible by the group size P. 
Conclusion
This contribution examines the options listed in the way forward. The following observations are captured for each option. In many cases the design of TM2 is flexible.
Observation 1: If necessary the design of the PDCCH for TM2 can be decoupled from the other TMs because the goals are different. 
Option 1
Observation 2: for a number of defined bandwidths, the occupied bandwidth is less than the defined bandwidth. When coupled with the limit on the number of PDCCH, there can be up to 33 unoccupied RBs.
Observation 3: If a fully occupied bandwidth is needed for RF considerations, this option may not be suitable.
Observation 4: The large number of PDCCH configurations can make this option difficult to implement
Option 2
Observation 5: Option 2 ensures the entire bandwidth is fully occupied. No scaling is needed.
Observation 6: Option 2 allows the same PDCCH configuration for all test models. 
Observation 7: Option 2 requires both PDSCH mapping types.
Observation 8: For EVM tests, PDSCH B is not measured.
Option 3
Observation 9: With option 3, No scaling is needed for TM1.1 and TM3.1 but the modulation may be different between the PDSCH and PDCCH.
Observation 10: With option 3, scaling is needed for TM1.2, TM3.2, and TM3.3. Note that the PSD is more complicated. 
Option 4
Observation 11: The one advantage of option 4 over option 1 is the design is applicable to TM2.
Option 9
Observation 12: Option 9 requires a separate design for TM2.
Observation 13: for consistency across test models, EVM measurement should skip the first 2 symbols of the slot.
Option 10
Observation 14: For boosted TMs, option 10 can be supported if there is a reordering of RBGs and the number of RBs for the PDCCH is divisible by the group size P. 
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