3GPP TSG-RAN WG4 Meeting #85
 R4-1712852
Reno, Nevada, USA, 27 Nov. - 1 Dec., 2017
Source:
LG Electronics
Title:
Discussion on sync raster for NR
Agenda item:
9.3.2.2
Document for:
Discussion
1 Introduction

In RAN4 #84Bis meeting, WF related with default SCS for frequency bands was approved in [1]. Anyway, all discussion related with sync raster were pended since RAN1 agreed to change SS block design especially in PBCH allocation to reduce SS block bandwidth during meeting [2]. In this contribution, we provide our updated views on sync raster based on agreed WF and updated RAN1 agreements for SS block design.
2 Discussion

2.1 Basic principle on sync raster
In LTE, channel raster is tightly coupled with initial cell detection since SCHs are positioned at center of total given CBW. Thus, there is no explicit wording for sync raster and sync raster is treated in the same way as channel raster. In NR, SS block can be positioned not at the center of its CBW and moreover multiple SS block can be positioned in FDM’ed manner considering wideband operation. Once NR UE detects SS block, NR UE can utilize signaling information from network for channel center. It means that sync raster is more important in UE implementation perspective whereas channel raster is mainly related with co-existence and operator’s spectrum holdings. For the definition of sync raster, since UE should tune its mixer frequency to SS block center during initial cell detection time, we prefer that sync raster should indicate actual location of mixer frequency to detect SS block which is closer to center of SS block. In that sense, we propose
Proposal 1. Sync raster should be positioned at the center of SS block (SC#0 of RB#10)
When considering sync raster, we think that following 2 things should be considered for initial cell detection.
· Subcarrier of SS block should be aligned with subcarrier of Data to avoid ICI

· At least 1 SS block should be positioned within the CBW of UE operating with min. CBW at arbitrary channel raster 
Based on these, actual sync raster for initial cell detection can be formulated with following equations.
RSS = floor((CBWeff-min - BWSS + RCH)/ RCH) * RCH 


    EQ.1
Where, RSS is SS raster
CBWeff-min is effective minimum carrier bandwidth;

BWSS is SS bandwidth;

RCH is channel raster.
Basically, sync raster based on Eq.1 can give upper bound in RAN4 perspective. Anyway, for some configuration such as n79, calculated sync raster value from Eq.1 seems quite large due to large min. CBW value. For such case, there might be some potential impact due to physical/signaling limitation.
2.2 Consideration of sync raster for LTE re-farming bands

For frequency bands below 2.4 GHz, RAN4 already agreed to use 100 kHz channel raster as baseline. Since 100 kHz channel raster is not multiple of min. SCS of 15 kHz, we need further consideration to maintain orthogonality between Data subcarrier and SS block subcarrier. To maintain orthogonality with 100 kHz channel raster, we may consider following 2 approaches;

Alt 1. Use 100 kHz shifted 3 multiple sync raster sets which are calculated assuming 300 kHz effective channel raster.

Alt 2. Use single sync raster which are calculated assuming 100 kHz channel raster and UE assume that there can be existed 5 kHz shifted 3 multiple hypothesis implicitly on each pre-defined sync raster position.
Also, in Figure 1, we present the example of sync raster allocation for both Alt.1 and Alt.2 for frequency bands using 5 MHz min. CBW and 15 kHz SCSSS. 
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(a) Sync raster allocation of Alt. 1
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(b) Sync raster allocation of Alt. 2

Figure 1. Example of Sync raster allocation for both Alt.1 and Alt.2 for 5 MHz min. CBW and 15 kHz SCSSS
For Alt.1, each set of sync raster can be calculated assuming 300 kHz effective channel raster and it will be 1.2 MHz. For Alt 2, sync raster can be calculated assuming 100 kHz actual channel raster and it will be 1.0 MHz. In terms of total number of SS correlation for specific bands, it is obvious that Alt 1 have slightly smaller sync raster entry than Alt.2. Also, Alt 1 is more definite description in terms of requirements. For Alt.2, there can be potential chance to use more advanced technique for UE cell searcher, if there is no reasonable performance issue.  Anyway, since we don’t have enough time to evaluate its performance and Alt.1 seems more obvious than Alt.2, we slightly prefer to take Alt.1 as baseline at this time.
Proposal 2. For bands using 100 kHz channel raster, take Alt.1 as baseline.

Based on Eq.1 and our proposed Alt.1 and Alt.2, we presented # of sync raster entry for existing NR frequency bands in Table 1, 2 and Table 3. 
Table 1. # of Sync raster entry based on Alt. 1 for LTE re-farming bands using 100 kHz channel raster
	NR
Bands
	DL Frequency
	BW
[MHz]
	ΔFCR
[kHz]
	SCSData
[kHz]
	CBWmin/SCSSS
	ΔFSR1
[MHz]
	# of
Entry2
	# of
Entry3

	n1
	2110
	-
	2170
	60
	100
	15
	5 MHz / 15 kHz
	1.2
	147 (3x49)
	147

	n2
	1930
	-
	1990
	60
	100
	15
	5 MHz / 15 kHz
	1.2
	147 (3x49)
	147

	n3
	1805
	-
	1880
	75
	100
	15
	5 MHz / 15 kHz
	1.2
	186 (3x62)
	186

	n5
	869
	-
	894
	25
	100
	15
	5 MHz / 15 kHz
	1.2
	60 (3x20)
	99

	
	
	
	
	
	
	30
	10 MHz / 30 kHz
	1.74
	39 (3x13)
	

	n7
	2620
	-
	2690
	70
	100
	15
	5 MHz / 15 kHz
	1.2
	171 (3x57)
	171

	n8
	925
	-
	960
	35
	100
	15
	5 MHz / 15 kHz
	1.2
	84 (3x28)
	84

	n20
	791
	-
	821
	30
	100
	15
	5 MHz / 15 kHz
	1.2
	72 (3x24)
	72

	n28
	758
	-
	803
	45
	100
	15
	5 MHz / 15 kHz
	1.2
	108 (3x36)
	108

	n38
	2570
	-
	2620
	50
	100
	30
	10 MHz / 30 kHz
	1.74
	84 (3x28)
	84

	n50
	1432
	-
	1517
	85
	100
	15
	5 MHz / 15 kHz
	1.2
	210 (3x70)
	210

	n51
	1427
	-
	1432
	5
	100
	15
	5 MHz / 15 kHz
	1.2
	9 (3x3)
	9

	n66
	2110
	-
	2200
	90
	100
	15
	5 MHz / 15 kHz
	1.2
	222 (3x74)
	375

	
	
	
	
	
	
	30
	10 MHz / 30 kHz
	1.74
	153 (3x51)
	

	n70
	1995
	-
	2020
	25
	100
	15
	5 MHz / 15 kHz
	1.2
	60 (3x20)
	60

	n71
	617
	-
	652
	35
	100
	15
	5 MHz / 15 kHz
	1.2
	84 (3x28)
	84

	n74
	1475
	-
	1518
	43
	100
	15
	5 MHz / 15 kHz
	1.2
	105 (3x35)
	105

	n76
	1427
	-
	1432
	5
	100
	15
	5 MHz / 15 kHz
	1.2
	9 (3x3)
	9

	Note 1/2: For 100 kHz channel raster(LTE-refarming bands), 3 multiple sync raster set with 100 kHz offset should be used to maintain orthogonality. Each sync raster set is calculated assuming 300 kHz channel raster (Alt.1).
Note 3: Total entry number for frequency band having multiple default SCS


Table 2. # of Sync raster entry based on Alt.2 for LTE re-farming bands using 100 kHz channel raster
	NR
Bands
	DL Frequency
	BW
[MHz]
	ΔFCR
[kHz]
	SCSData
[kHz]
	CBWmin/SCSSS
	ΔFSR1
[MHz]
	# of
Entry2
	# of
Entry3

	n1
	2110
	-
	2170
	60
	100
	15
	5 MHz / 15 kHz
	1
	177 (3x59)
	177

	n2
	1930
	-
	1990
	60
	100
	15
	5 MHz / 15 kHz
	1
	177 (3x59)
	177

	n3
	1805
	-
	1880
	75
	100
	15
	5 MHz / 15 kHz
	1
	222 (3x74)
	222

	n5
	869
	-
	894
	25
	100
	15
	5 MHz / 15 kHz
	1
	72 (3x24)
	117



	
	
	
	
	
	
	30
	10 MHz / 30 kHz
	1.54
	45 (3x15)
	

	n7
	2620
	-
	2690
	70
	100
	15
	5 MHz / 15 kHz
	1
	207 (3x69)
	207

	n8
	925
	-
	960
	35
	100
	15
	5 MHz / 15 kHz
	1
	102 (3x34)
	102

	n20
	791
	-
	821
	30
	100
	15
	5 MHz / 15 kHz
	1
	87 (3x29)
	87

	n28
	758
	-
	803
	45
	100
	15
	5 MHz / 15 kHz
	1
	132 (3x44)
	132

	n38
	2570
	-
	2620
	50
	100
	30
	10 MHz / 30 kHz
	1.54
	93 (3x31)
	93

	n50
	1432
	-
	1517
	85
	100
	15
	5 MHz / 15 kHz
	1
	252 (3x84)
	252

	n51
	1427
	-
	1432
	5
	100
	15
	5 MHz / 15 kHz
	1
	12 (3x4)
	12

	n66
	2110
	-
	2200
	90
	100
	15
	5 MHz / 15 kHz
	1
	267 (3x89)
	438

	
	
	
	
	
	
	30
	10 MHz / 30 kHz
	1.54
	171 (3x57)
	

	n70
	1995
	-
	2020
	25
	100
	15
	5 MHz / 15 kHz
	1
	72 (3x24)
	72

	n71
	617
	-
	652
	35
	100
	15
	5 MHz / 15 kHz
	1
	102 (3x34)
	102

	n74
	1475
	-
	1518
	43
	100
	15
	5 MHz / 15 kHz
	1
	126 (3x42)
	126

	n76
	1427
	-
	1432
	5
	100
	15
	5 MHz / 15 kHz
	1
	12 (3x4)
	12

	Note 1/2: For 100 kHz channel raster(LTE-refarming bands), sync raster entry is calculated with 100 kHz channel raster and UE assume that there can be existed 5 kHz shifted 3 multiple hypothesis implicitly on each pre-defined sync raster position.(Alt.2)

Note 3: Total entry number for frequency band having multiple default SCS 


Table 3. # of Sync raster entry for NR frequency bands using SCS based channel raster
	NR
Bands
	DL Frequency
	BW
[MHz]
	ΔFCR
[kHz]
	SCSData
[kHz]
	CBWmin/SCSSS
	ΔFSR
[MHz]
	# of
Entry
	# of
Entry1

	n41
	2496
	-
	2690
	194
	15
	15
	10 MHz / 15 kHz
	5.775
	32
	164

	
	
	
	
	
	
	30
	10 MHz / 30 kHz
	1.455
	132
	

	n77
	3.3
	-
	4.2
	900
	15
	15
	10 MHz / 30 kHz
	2.175
	412
	412

	n78
	3.3
	-
	3.8
	500
	15
	15
	10 MHz / 30 kHz
	2.175
	228
	228

	n79
	4.4
	-
	5
	600
	15
	15
	40 MHz / 30 kHz
	31.695
	17
	17

	n257
	26.5
	-
	29.5
	3000
	60
	60
	50 MHz / 120 kHz
	18.78
	158
	237

	
	
	
	
	
	
	120
	100 MHz / 240 kHz
	37.5
	79
	

	n258
	24.25
	-
	27.5
	3250
	60
	60
	50 MHz / 120 kHz
	18.78
	172
	257

	
	
	
	
	
	
	120
	100 MHz / 240 kHz
	37.5
	85
	

	n260
	37
	-
	40
	3000
	60
	60
	50 MHz / 120 kHz
	18.78
	158
	237

	
	
	
	
	
	
	120
	100 MHz / 240 kHz
	37.5
	79
	

	Note 1: Total entry number for frequency band having multiple default SCS


2.3 NR n41 bands

One of remaining issue is n41 SCSSS options. For band 41, there exist 2 different options in agreed WF[1] as follows;
· Option 1: Fixed as one value either 30kHz or 15kHz

· Option 2: 15kHz and 30kHz as default SCSs
It is obvious that larger sync raster will be always beneficial on UE in terms of cell detection time and power consumption. It that sense, taking option 1 for bands 41 is quite reasonable approach.

Anyway, since minimum supported channel BW of n41 is 10 MHz, increment of sync raster entry due to support of 15 kHz default SCS is rather limited compared to 30 kHz default SCS case. Also, we think that larger SCS is more important use case in high frequency range. Finally, considering other frequency bands in Table 1, 2 and Table 3, n41 is not one of most critical frequency bands in terms of total number of sync raster entry. Thus, to fully support various operator’s needs, we can take Option 2 for n41 as compromised solution.
Proposal 3. For n41, introduce both 15 kHz and 30 kHz as default SCS
3 Conclusion
In this contribution, we provide our views on sync raster. Our proposals are as follows;
Proposal 1. Sync raster should be positioned at the center of SS block (SC#0 of RB#10)

Proposal 2. For bands using 100 kHz channel raster, take Alt.1 as baseline.
Proposal 3. For n41, introduce both 15 kHz and 30 kHz as default SCS
Reference
[1] R4-1711817, “Way Forward on Minimum CHBW and SCS for SS/PBCH,” Samsung, NTT DoCoMo, KDDI, Softbank, Verizon, Dish Network, T-Mobile USA, Verizon, AT&T, Qualcomm, Nokia
[2] R1-1719612, “Reply LS on NR minimum carrier bandwidth and SS block numerology,” Ericsson
_1572360010.vsd
￼

Frequency Band


f


0 kH�


_1572360018.vsd
￼

Frequency Band


f


kH�


