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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK10]During the discussions about the test model, some interest in placing the SS block was proposed. This document examines design considerations for the SS block in the test models for NR and provides proposals for the models.
Discussion
The SS block used for initial access has several requirements that complicate design considerations
· Time location
· Numerology
· Frequency location
Time location
38.213 [2] lists which symbols can bear the SS block in a half-frame.
· For 15 kHz SCS: symbols 2 and 8 for slots 0 and 1 can carry the SS block. The same numbered symbols for slots 2 and 3 carry the SS block for f>3 GHz.
· For 30 kHz SCS Case B, symbols 4 and 8 of slot 0, 2 and 6 of slot 1 can carry the SS block. The same numbered symbols of slots 2 and 3 can carry SS block for f>3 GHz.
· For 30 kHz SCS Case C, symbols 2 and 8 of slots 0 and 1 can carry the SS block. The same numbered symbols of slots 2 and 3 can carry SS block for f>3 GHz.
· For FR2 120 kHz SCS, the first symbols have indices {4, 8, 16, 20} + 28*n.
· For FR2 240 kHz SCS, the first symbols have indices {8, 12, 16, 20, 32, 36, 40, 44} + 56*n.
Figure 1 shows which symbols can be used to carry the SS block for FR1 in the first 1 ms of a subframe.
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[bookmark: _Ref525554602][bookmark: _Ref525554597]Figure 1. First slot(s) with SS block, 15 and 30 kHz SCS (cases B and C). Each color indicates possible SS block locations.
Numerology
Starting with FR1 as an example. In 38.104 [4], there are requirements between the numerology of the SS block for initial access and the band. Table 1 combines those requirements band information highlighting the maximum 30 kHz SCS BW.
[bookmark: _Ref525279167]Table 1. Combining Table 5.4.3.3-1 and Table 5.3.5-1 [4]. Unless indicated, the block pattern in A.
	Band
	SS block SCS (SS block pattern) 
	Max defined BW (MHz) for 30 kHz SCS
	Min defined BW (MHz) for 5 kHz SCS

	n1
	15 kHz
	20
	5

	n2
	15 kHz
	20
	5

	n3
	15 kHz
	30
	5

	n5
	15 kHz, 30 kHz (B)
	20
	5

	n7
	15 kHz
	20
	5

	n8
	15 kHz
	20
	5

	n12
	15 kHz
	15
	5

	n20
	15 kHz
	20
	5

	n25
	15 kHz
	20
	5

	n28
	15 kHz
	20
	5

	n34
	15 kHz
	n/a (5 MHz channel)
	5

	n38
	15 kHz
	20
	5

	n39
	15 kHz
	40
	5

	n40
	15 kHz
	100
	5

	n41
	15 kHz, 30 kHz (C)
	100
	10

	n50
	15 kHz
	80
	5

	n51
	15 kHz
	n/a (5 MHz channel)
	5

	n66
	15 kHz, 30 kHz (B)
	30
	5

	n70
	15 kHz
	25
	5

	n71
	15 kHz
	20
	5

	n74
	15 kHz
	20
	5

	n75
	15 kHz
	20
	5

	n76
	15 kHz
	n/a (5 MHz channel)
	5

	n77
	30 kHz (C)
	100
	10

	n78
	30 kHz (C)
	100
	10

	n79
	30 kHz (C)
	100
	40



The bands mostly use 15 kHz SCS for initial access.
Observation 1: for almost all the bands, the numerology for the initial access SCS block is 15 kHz. 
The implication is that when testing a 30 (60) kHz SCS channel, there will be two numerologies used (one for 15 kHz and the other is the numerology under test). Further, in section 4.3.2 of [1], the start of a slot (for a given numerology) is aligned to a multiple of 14 (symbols / slot) for that numerology. Applying that rule to the 15 kHz SCS (assuming that the 15 kHz SS block is located in slot 0) shows the slot layout for the different numerologies, as seen in Figure 2. Slot 0 uses 15 kHz SCS and is 1 ms in duration.
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[bookmark: _Ref525281048]Figure 2. 10 ms test model (FDD) with 15 kHz SCS SS block (orange) in first 1 ms.
Applying the above rule to the 30 kHz SCS (assuming that the 30 kHz SS block is located in slot 0) shows the slot layout for the different numerologies, as seen in Figure 3. Slot 0 uses 30 kHz SCS and is 0.5 ms in duration. This layout can be used for several bands, e.g. n77, n78, n79.
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[bookmark: _Ref525281231]Figure 3. 10 ms test model (FDD) with 30 kHz SCS SS block (green) in first 0.5 ms. Gray shading is an extension of the SS block into the next slot(s).
Observation 2: Depending on the numerology of the SS block, the first 1 ms (0.5 ms) may have different numerology than the remaining period. 
Observation 3: The first available slot for measurements varies based on the numerology of the initial access block and the numerology of the test model.
Another observation in Table 1 is several bands support both numerologies for initial access.
Observation 4: For bands with multiple numerologies for the initial access SS block, it is unclear which numerology should be used.
Another consideration is the SCS bandwidth and the test model bandwidth. Consider band n40. If a 30 kHz SCS test were performed on a 100 MHz channel with a 15 kHz SCS used for the SS block, the first 1 ms slot cannot be occupied with 15 kHz subcarriers because there are no requirements for 15 kHz SCS in a 100 MHz channel.
Observation 5: The maximum channel bandwidth for several bands exceeds 50 MHz. which is the maximum bandwidth for 15 kHz SCS.
There are several possible design approaches to introduce the SS block.
The first proposal ensures that testing begins after the 1 ms of a subframe regardless of numerology. In addition, the first 1 ms of subframe should be used for the SS block.
Proposal 1: The first 2µ slots in the subframe should be reserved for SS blocks (i.e. measurements in a subframe begin on slot 2µ) for FR1.
Since the first 1 ms of the subframe is used for the SS block, then the maximum number of SS blocks should be used to synchronization purposes.
Proposal 2: The maximum number of SS blocks for 1 ms should be used for FR1:
- for 15 kHz SCS, SS blocks beginning at symbols 2 and 8 (slot 0)
- for 30 kHz SCS and pattern B, SS blocks beginning at symbols 4 and 8 of slot 0 and 2 and 6 of slot 1;
- for 30 kHz SCS and pattern C, SS blocks beginning at symbols 2 and 8 of slot 0 and 2 and 8 of slot 1. 
The next proposal addresses bands with multiple numerologies for the SS block. A 15 kHz SS block occupies 5 MHz and the smallest bandwidth for bands 5 and 66 is 5 MHz.
Proposal 3: For bands 5 and 66, 15 kHz SCS should be used for the initial access SS block.
For band 41, the smallest bandwidth is 10 MHz. To keep the rules simple, a 15 kHz SS block should be used.
Proposal 4: For bands supporting two numerologies, the smaller numerology is used for the initial access SS block.
To address the maximum channel bandwidth when the numerology for the SS block is not defined for the maximum channel bandwidth, one solution is leave the first millisecond unoccupied except for the SS block. Then for the bandwidth of the SS block, fill the known SS block symbols with the PSS/SSS/PBCH. For the remaining symbols, fill them with PDSCH. Figure 3 illustrates the idea for a 15 kHz SCS initial access SS block and a 100 MHz bandwidth, 30 kHz SCS test model. In the first 1 ms, the SS block is placed within the 100 MHz span. The occupied channel bandwidth is 25 RBs (5 MHz). 8 symbols are reserved for the SS block while the remaining 6 symbols are filled with PDSCH. For the remaining 9 ms of the subframe are used to test the 30 kHz SCS.
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Figure 4. Example of using a 15 kHz SCS SS block and a large bandwidth channel.
Proposal 5: for the slot(s) designated for the SS blocks, leave the RBs outside the SS block region unoccupied.
Frequency location
Unlike the SS block for LTE which is located in the center, the SS block for NR is floating with the location (center of SS block) indicated by the GSCN. Note that in some bands, it is not possible to place the SS block at the center of the band. For example a 5 MHz carrier in band n1 located in [2110-2115 MHz], the GSCN is [5279 … 5419]. The frequencies for the first four GSCN are 2112.05, 2112.15, 2112.25, and 2113.25 MHz. However, the center 2112.5 MHz is not referenced by the GSCN. The 5279 GSCN value is 450 kHz from the center but is an exact number of resource elements (thirty 15 kHz SCS REs from the carrier). 
Observation 6: The location of the SS block within a carrier is defined by the GSCN and may not be at the carrier frequency.
It is possible to estimate the set of GSCN values that are close to the center of the channel. The following table provides a simple mapping.
Table 2. Estimating the GSCN value close to center of channel of bandwidth BW and channel edge f.
	Frequency Range
	Formula
	Estimated GSCN

	0 – 3000 MHz
	
	3N

	3000 – 24250 MHz
	
	N+7499

	24250 – 100000 MHz
	
	N+22256



Once an estimate of the GSCN is found, the closest value to the center can be chosen. For example for band 78, a 100 MHz channel beginning at 3.3 GHz has its center at 3350 MHz (the actual channel raster location is at 3350.01 MHz). Using the formula above, an estimated GSCN value is 7742. (the range is 7711 to 8051). 7742 corresponds to 3349.92 MHz while 7743 corresponds to 3351.36 MHz.
Another option is place multiple SS blocks in frequency. For example, divide the channel into 5 MHz blocks for 15 kHz SCS and 10 MHz blocks for 30 kHz SCS. Then place the SS block into the center of each block. Other options are using 1, 2, 3 (top, middle, bottom).
Proposal 6: Where to place the SS block is must be determined. Among some options:
- close to the center of the channel
- distribute across the channel
- top / middle / bottom
Among these options, placing at the center is easier to specify, but testing considerations should be evaluated
FR2
For FR2, the 120 and 240 kHz SCS are used for the initial access SS block. However, the supported numerologies for the PDSCH are 60 and 120 kHz SCS. Figure 3 shows the use of 120 kHz SCS.
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[bookmark: _Ref525555302]Figure 3. FR2 test model (FDD) with 120 kHz SCS SS block (green) in first 0.25 ms. Gray shading is an extension of the SS block into the next slot(s).
Since there are no PDSCH configurations for 240 kHz, 240 kHz should not be used for the test model to simplify designs.
Proposal 7: For FR2, the initial access numerology is 120 kHz SCS.
At least 2 slots for 120 kHz SCS [0.25 ms] should be used for initial access. This will enable at least 1 slot for 60 kHz to be reserved for SS blocks.
Proposal 8: For FR2, the number of slots bearing initial access should be at least 2 (0.25 ms).
Conclusion
This contribution discusses design issues for the SS block. The following observations were made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: for almost all the bands, the numerology for the initial access SCS block is 15 kHz. 
Observation 2: Depending on the numerology of the SS block, the first 1 ms (0.5 ms) may have different numerology than the remaining period. 
Observation 3: The first available slot for measurements varies based on the numerology of the initial access block and the numerology of the test model.
Observation 4: For bands with multiple numerologies for the initial access SS block, it is unclear which numerology should be used.
Observation 5: The maximum channel bandwidth for several bands exceeds 50 MHz. which is the maximum bandwidth for 15 kHz SCS.
Observation 6: The location of the SS block within a carrier is defined by the GSCN and may not be at the carrier frequency.
Based on these observations:
[bookmark: _GoBack]Proposal 1: The first 2µ slots in the subframe should be reserved for SS blocks (i.e. measurements in a subframe begin on slot 2µ) for FR1.
Proposal 2: The maximum number of SS blocks for 1 ms should be used for FR1:
- for 15 kHz SCS, SS blocks beginning at symbols 2 and 8 (slot 0)
- for 30 kHz SCS and pattern B, SS blocks beginning at symbols 4 and 8 of slot 0 and 2 and 6 of slot 1;
- for 30 kHz SCS and pattern C, SS blocks beginning at symbols 2 and 8 of slot 0 and 2 and 8 of slot 1. 
Proposal 3: For bands 5 and 66, 15 kHz SCS should be used for the initial access SS block.
Proposal 4: For bands supporting two numerologies, the smaller numerology is used for the initial access SS block.
Proposal 5: for the slot(s) designated for the SS blocks, leave the RBs outside the SS block region unoccupied.
Proposal 6: Where to place the SS block is must be determined. Among some options:
- close to the center of the channel
- distribute across the channel
- top / middle / bottom
Proposal 7: For FR2, the initial access numerology is 120 kHz SCS.
Proposal 8: For FR2, the number of slots bearing initial access should be at least 2 (0.25 ms).
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Appendix
Appendix 1: FR1
Example text proposal for FR1
*** BEGIN ***
[bookmark: _Toc510689715][bookmark: _Toc523247718]4.9.2.2.1	NR test model 1.1 (NR-TM1.1)
This model shall be used for tests on:
-	BS output power
-	Unwanted emissions
-	Occupied bandwidth
-	ACLR
-	Operating band unwanted emissions
-	Transmitter spurious emissions
-	Transmitter intermodulation 
Table 4.9.2.2.1-1: Physical channel parameters of NR-TM1.1 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1, 2]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol (# of RBs for PDSCH)
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	SS Block

	SCS
	15 kHz if Table 5.4.3.3-1 in 38.141 indicates Case A for SS block pattern is supported for band
30 kHz otherwise

	Number of slots
	1 slot if SCS of SS block is 15 kHz, otherwise 2 slots

	Starting symbol locations for SS block
	{2, 8} of slot 0 for 15 kHz SCS,
{4, 8} of slot 0 and {2, 6} of slot 1 for 30 kHz SCS when Case B is used for the SS block pattern
{2, 8} of slot 0 and {2, 8} of slot 1 for 30 kHz SCS when Case C is used for the SS block pattern

	Location of SS block
	[center]

	Power boosting
	[10 log10 (20/NRB*2µ)]

	                                PDSCH

	DM-RS configuration and density
	Type 1, Comb2 (every other subcarrier) in symbols 3 and 11

	# of QPSK PDSCH PRBs which are boosted or deboosted
	0



*** END ***
Appendix 2: FR2
Example text proposal for FR2
*** BEGIN ***

[bookmark: _Toc523481271]4.9.3.2.1	NR test model 1.1 (NR-TM1.1)
This model shall be used for tests on:
-	BS output power
-	Unwanted emissions
-	Occupied bandwidth
-	ACLR
-	Operating band unwanted emissions
-	Transmitter spurious emissions
[bookmark: _Hlk497144372]Table 4.9.3.2-1: Physical channel parameters of NR-TM1.1 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol (# of RBs for PDSCH)
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	                                PDSCH

	SS Block

	SCS
	120 kHz 

	Number of slots
	[2] slots

	Starting symbol locations for SS block
	{4, 8} of slot 0, {2, 6} of slot 1

	Location of SS block
	[center]

	Power boosting
	[10 log10 (20/NRB*2µ)]

	DM-RS configuration and density
	Type 1, Comb2 (every other subcarrier) in symbols 3

	PT-RS pattern and density
	Distributed pattern, every symbol for every second PRB (time density 1 and frequency density ½)

	# of QPSK PDSCH PRBs which are boosted or deboosted
	0


Where NRB is considering the maximum transmission bandwidth configuration seen in table 5.3.2-2.

