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Introduction
During the discussions for synchronization for TM2 in RAN4#89, several design options were captured in [1]. The decision on whether additional support for synchronization was needed was deferred to RAN4#90B. If it were determined some support is needed, another option not captured in [1] is presented below. The option is based on offline discussions where the PDCCH is “close” to the PDSCH measured. 
TM2 test model
Background
The current locations of the PDSCH and PDCCH for TM2 are shown in Figure 1. The location of the PDSCH cycles through low, middle, and high frequencies within a carrier. The PDCCH starts on symbol 0 and spans 3 RBs. 

[bookmark: _Ref2946703]Figure 1. Depiction of TM2 model: green is PDCCH, yellow is PDSCH. 
Mapping
In discussions with other companies, another option for synchronization is to have the PDCCH occupy the same (or similar resources) as the PDSCH RB under test. Conceptually, it is shown in Figure 2.

[bookmark: _Ref2946869]Figure 2. Variation of TM2 model where the PDCCH (green) is located close in frequency to the PDSCH (yellow).
Determining the locations of the PDCCH is a bandwidth of NRB:
· For PDSCH located at RB#0, the PDCCH would be located starting at RB#0.
· For the center RB RB#, the PDCCH must span the RB:

· For the top RB RB#, the PDCCH may contain that RB or be below it:

For the RBs under consideration, Table 1 lists the location of the PSDCH and corresponding PDCCH.
[bookmark: _Ref2947063]Table 1. Locations of PDCCH and PDSCH
	
	Low
	Middle
	High

	BW, NRB
	PDSCH RB
	PDCCH start
	PDSCH RB
	PDCCH start
	PDSCH RB
	PDCCH start

	11
	0
	0
	5
	0
	10
	0

	18
	0
	0
	9
	6
	17
	12

	24
	0
	0
	12
	12
	23
	18

	25
	0
	0
	12
	12
	24
	18

	31
	0
	0
	15
	12
	30
	24

	32
	0
	0
	16
	12
	31
	24

	38
	0
	0
	19
	18
	37
	30

	51
	0
	0
	25
	24
	50
	42

	52
	0
	0
	26
	24
	51
	42

	65
	0
	0
	32
	30
	64
	54

	66
	0
	0
	33
	30
	65
	60

	78
	0
	0
	39
	36
	77
	72

	79
	0
	0
	39
	36
	78
	72

	93
	0
	0
	46
	42
	92
	84

	106
	0
	0
	53
	48
	105
	96

	107
	0
	0
	53
	48
	106
	96

	121
	0
	0
	60
	60
	120
	114

	132
	0
	0
	66
	66
	131
	126

	133
	0
	0
	66
	66
	132
	126

	135
	0
	0
	67
	66
	134
	126

	160
	0
	0
	80
	78
	159
	150

	162
	0
	0
	81
	78
	161
	156

	189
	0
	0
	94
	90
	188
	180

	216
	0
	0
	108
	108
	215
	210

	217
	0
	0
	108
	108
	216
	210

	245
	0
	0
	122
	120
	244
	234

	264
	0
	0
	132
	132
	263
	258

	270
	0
	0
	135
	132
	269
	264

	273
	0
	0
	136
	132
	272
	264



Discussion
In order to minimize the frequency difference between the PDCCH and PDSCH, it is proposed to occupy all 6 RBs for the PDCCH. With 6 RBs, the power difference between the control and data symbols is about 7.8 dB.
Observation 1: using all 6 RBs for PDCCH will ensure the middle PDSCH will always have PDCCH DMRS available.
The top RB only has PDCCH if the bandwidth is a multiple of 6. Otherwise, there is a frequency difference.
Observation 2: For the top RB, the maximum difference in frequency between the PDCCH and PDSCH is 5 RBs 
Conclusion
This contribution describes another option for synchronization for TM2 if it is determined that additional synchronization is needed. This basis for this option is to ensure the PDCCH spans the PSDCH as much as possible. Some observations are
Observation 1: using all 6 RBs for PDCCH will ensure the middle PDSCH will always have PDCCH DMRS available.
Observation 2: For the top RB, the maximum difference in frequency between the PDCCH and PDSCH is 5 RBs 
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