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Introduction
During the drafting of the TPs for the test models in subclause 4.9.2.2 of TS 38.141-1 [2] and TS 38.141-2 [3], there were concerns for synchronization for NR-TM2. A way forward was drafted to discuss some options [1]. This contribution examines the options and provides a proposal for synchronization.
Discussion
Background
[bookmark: _Ref352176984]In LTE, CRS spanned the entire bandwidth and was available for synchronization. The current design for NR-FR1-TM2 and NR-FR2-TM2 is illustrated in Figure 1 using a 15 kHz SCS. This is a single PRB test model and may not have sufficient DM-RS density for fine estimation of timing and phase. These tests models are used for tests on
-	Total power dynamic range (lower OFDM symbol power limit at min power)
-	EVM of single 64QAM PRB allocation (at min power)
-	Frequency error (at min power)
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[bookmark: _Ref536097514]Figure 1. For 15 kHz SCS, every third slot
Unlike LTE where a minimum of 10 locations in frequency were used and over a smaller bandwidth, only 3 RB locations are specified over NRB: RB#0 (bottom), RB# (middle), and RB#(NRB-1) (top). Starting at the bottom location for slot 0, the locations repeat every third slot. Table 1 and Table 2 show the locations of the RBs tested for FR1 and FR2, respectively.
[bookmark: _Ref536099723]Table 1. Location of RBs in FR1
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	0, 12, 24
	0, 26, 51
	0, 39, 78
	0, 53, 105
	0, 66, 132
	0, 80, 159
	0, 108, 215
	0, 135, 269
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	0, 5, 10
	0, 12, 23
	0, 19, 37
	0, 25, 50
	0, 32, 64
	0, 39, 77
	0, 53, 105
	0, 66, 132
	0, 81, 161
	0, 94, 188
	0, 108, 216
	0, 122, 244
	0, 136, 272

	60
	N.A.
	0, 5, 10
	0, 9, 17
	0, 12, 23
	0, 15, 30
	0, 19, 37
	0, 25, 50
	0, 32, 64
	0, 39, 78
	0, 46, 92
	0, 53, 106
	0, 60, 120
	0, 67, 134



[bookmark: _Ref536099726]Table 2. Location of RBs in FR2
	SCS (kHz)
	50 MHz
	100 MHz
	150 MHz
	200 MHz

	60
	0, 33, 65
	0, 66, 131
	0, 132, 263
	N.A.

	120
	0, 16, 31
	0, 33, 65
	0, 66, 131
	0, 132, 263



The tables show that the spacing between RBs (and associated DM-RS) increases as the bandwidth increase.
Observation 1. The frequency spacing between RBs containing DM-RS is approximately BW/2.
Given the sparseness of the reference symbols, the question is:
The synchronization performance for TM2 should be guaranteed for any modulation order defined in the NR-FR1-TM2/2a and NR-FR2-TM2.  
Options for consideration
Table 3 lists some options for consideration. Additional details provided in following sections.
[bookmark: _Ref536104939]Table 3. Options
	Option
	Description

	1
	No change in current design

	2
	Create a synchronization slot(s) with full bandwidth DM-RS which will not be used for measurement but only for synchronization purposes, as shown in Figure 2

	3
	Create similar full bandwidth allocation of DMRS and PDCCH as in other full bandwidth TMs. Null any REs which are not part of NR-FR1-TM2 and NR-FR2-TM2 allocation. See Figure 5

	4
	Create more single PRB used for testing, illustrated in Figure 6

	5
	Other options


Option 2
The location of a synchronization slot (in slot 0) for a 15 kHz SCS is shown below.
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[bookmark: _Ref536102444]Figure 2. Option 2
With this slot-based partitioning, the measurement slots can be decoupled from the synchronization slot.
Observation 2: Synchronization slot can be decoupled from a measurement slot
If a synchronization slot were agreed, some questions are:
· What should be the periodicity of the synchronization slot? Should the periodicity match the TDD periodicity?
· For FR1: 5 ms (which is the periodicity of PSS/SSS in LTE)?
· 15 kHz SCS: slots 0, 5
· 30 kHz SCS: slots 0, 10 (using slots 5, 15 in addition provides 2.5 ms)
· 60 kHz SCS: slots 0, 20 (using slots 10, 30 in addition provides 2.5 ms)
· For FR2: 1.25 ms?
· 60 kHz SCS: slots 0, 5, 10, 15, 20, 25, 30, 35 
· 120 kHz SCS: slots 0, 10, 20, 30, 40, 50, 60, 70 (using slots 5, 15, 25, 35, 45, 55, 65, 75 in addition provides 0.625 ms)
Observation 3: The periodicity of the synchronization slots should be aligned to the TDD configuration. 
· Can more symbols within a synchronization slot be used?
· For FR1, there are 2 DM-RS symbols every slot. Up to 4 symbols can be configured. But it is preferable to retain the same configuration.
· For FR2, there are 1 DM-RS and 3 PT-RS symbols every slot. That may be sufficient.
Observation 4: The same reference symbol positions should be used in the synchronization slot to minimize the specification impact 
· Should power levels of the synchronization slot be considered?
· If a fully occupied synchronization slot were used at full power, the resulting the power variation between the slot under test and the synchronization slot increases as the bandwidth increases, as shown in Figure 3. Is the variation acceptable?
[image: ]
[bookmark: _Ref435258]Figure 3. Power difference
· Can power reduction techniques be applied without impacting performance?
· Reduce RB power (apply a 3 dB deboost to the PDSCH in the synchronization slot).
· Can a reduced density such as described in TM1.2 / TM3.2 / TM3.3 be used? For example a 60% pattern in NR-FR1-TM3.2 effectively alternates P RBs with DMRS followed by P empty RBs. The presence of empty RBs reduces the peak power between 2 and 3 dB. Figure 4 shows the location of the occupied RBs if the mapping procedure for NR-FR1-TM3.2 were used. Between 50 to 60% of the available RBs are occupied. In addition, the locations of the occupied RBs are consistent for sets of RBs. For example between 144 and 275 RB bandwidths, RB 0-15, 32-47, 64-79, 96-111, 128-143 are always occupied.
[image: ]
[bookmark: _Ref433084]Figure 4. Occupied RBs
Observation 5: Power levels of the synchronization slot should be considered to ensure synchronization while avoiding measurement issues
Option 3
This option attempts to create a full bandwidth reference symbol during a measurement slot, as shown in Figure 5.
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[bookmark: _Ref536103019]Figure 5. Option 3
The following questions are:
· What is the difficulty in constructing such as slot?
· What is the impact of the power variation in the symbol?
Observation 6: Option 3 may be difficult to implement due to the process of nulling of allocated RBs.
Option 4
Another option to increase the number of PRB locations used during testing, as shown in Figure 6
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[bookmark: _Ref536103470]Figure 6. Option 4
One question is:
· Will the number of RBs be sufficient for synchronization?
One approach is to base the location of the RB on the slot number. For example, if a linear mapping were used to determine RB#l as a function of slot number i,

where the slope f is given by

[bookmark: _Ref536104133]The slope is ensured to be at least 1 by using the max function. Table 4 provides the possible slopes for the RBs as a function of the slot number.
Table 4. Multiplication factor for RB location: location = slot k * factor
	SCS (kHz)
	#slots
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	10
	2
	5
	7
	10
	13
	16
	21
	27
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	20
	1
	1
	1
	2
	3
	3
	5
	6
	8
	9
	10
	12
	13

	60
	40
	N.A.
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	3
	3



One drawback of this approach is the number of locations per 10 ms is determined by the numerology. The smaller the numerology, the largest the separation between locations. There may not be enough locations for synchronization. Another observation is that with TDD, some PRB locations cannot be used for synchronization because they occur in the uplink.
Observation 7: Option 4 may not provide sufficient number of RB positions for synchronization.

Basis for text proposal
A synchronization slot appears to be the most promising choice among the options. The basic idea for the synchronization slot is to couple its periodicity with the TDD periodicity. The TDD periodicity for FR1 is 5 ms; implying 2 periods each frame. Hence, the first slot of the period is (0, 5) for 15 kHz, (0, 10) for 30 kHz, and (0, 20) for 60 kHz. A simple way to capture this is divide the number of slots in a frame by the number of periods in a frame. The same reasoning can apply for FR2 with 8 periods per frame. Table 5 shows the maximum period for possible downlink slots while being aligned to the TDD pattern.
[bookmark: _Ref517585]Table 5. Maximum periodicity in frame
	Frequency Range
	SCS, kHz
	# Slots / Frame
	DL slots in frame
	Max synch slot in frame

	FR1
	15
	10
	0, 1, 2, 5, 6, 7
	2 (every 5th slot)

	FR1
	30
	20
	0-6, 10-16
	4 (every 5th slot)

	FR1
	60
	40
	0-13, 20-33
	4 (every 10th slot)

	FR2
	60
	40
	0-2, 5-7, 10-12, 15-17, 20-22, 25-27, 30-32, 35-37
	8 (every 5th slot)

	FR2
	120
	80
	0-6, 10-16, 20-26, 30-36, 40-46, 50-56, 60-66, 70-76
	16 (every 5th slot)



The text proposals in [4] and [5] capture this table.
Because of design considerations, if improving synchronization is needed, having synchronization slots is preferable.
Proposal 1: If improvements for synchronization are needed, periodic synchronization slots should be used.
Conclusion
The current location of the RBs shows DMRS is located:
Observation 1. The frequency spacing between RBs containing DM-RS is approximately BW/2.
Analysis of synchronization slot shows that:
Observation 2: Synchronization slot can be decoupled from a measurement slot
Some design considerations for a synchronization slot are:
Observation 3: The periodicity of the synchronization slots should be aligned to the TDD configuration. 
Observation 4: The same reference symbol positions should be used in the synchronization slot to minimize the specification impact 
Observation 5: Power levels of the synchronization slot should be considered to ensure synchronization while avoiding measurement issues
For the other options
Observation 6: Option 3 may be difficult to implement due to the process of nulling of allocated RBs.
Observation 7: Option 4 may not provide sufficient number of RB positions for synchronization.
In summary:
Proposal 1: If improvements for synchronization are needed, periodic synchronization slots should be used.
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