[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #93								    R1-1807008
Busan, South Korea, May 21st – 25th, 2018

Agenda Item:	7.1.1.1
Source:	InterDigital Inc.
Title:	On Remaining Details of NR Synchronization Signal  
Document for:	Discussion and Decision 
Introduction
In RAN1 #92-BIS meeting, the following has been agreed on synchronization signal for NR design [1]:
Agreements:
· Agree the text proposal below
For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the subcarrier spacing of SS/PBCH blocks as follows, where index 0 is the first symbol of the first slot in a half-frame. 
Agreements:
· To adopt the following TP to 38.213, Section 4.1:
For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the subcarrier spacing of SS/PBCH blocks as follows. 
-	Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.
-	Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
-	Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
Which case(s) of Case A through E to be used on a carrier depends on frequency band(s) which is given by section of 5.4.3.3 of [8-1, TS 38.101-1] and [8-2, TS 38.101-2], and is the same case for all SS/PBCH blocks on a carrier.
Agreements:
· To adopt the following TP to 38.212, Section 7.1.1:

Generate the following additional timing related PBCH payload bits , where:

-	 are the 4th, 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half radio frame bit ;

-	if 

 are the 6th, 5th, and 4th bits of SS/PBCH block index, respectively.
else


 is the MSB of as defined in Subclause 7.4.3.1 of [4, TS 38.211].

      	 are reserved.
end if
Agreements:
· The working assumption made in RAN1 AdHoc#1 on OFDM signal generation is confirmed

Agreements:
· In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range [X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI
· FFS: value of X and Y and dependence on numerology
· |X| & Y are no more than 12
In RAN1 #92 meeting, the following has been agreed on synchronization signal for NR design [1]:
Agreements:
· The UE may assume that the ratio of PSS EPRE to SSS EPRE is either 0dB or 3dB for a given cell
Agreements:
· For RRC parameter k0, it takes values -6, 0 and 6

In RAN1 NR-AH-4 meeting, the following has been agreed on synchronization signal for NR design [1]:
Agreements:
· For signal generation for both DL and UL, adopt the following:
· Transmitter generates signals for all symbols using a common reference tone 
· FFS: Which tone to use as the common reference tone
· FFS applicability to PRACH
Agreements:
· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 
· Up to RAN4 to decide the set of offset values for FR1
· As a working assumption, the indication is in RMSI
· If the minimum distance between adjacent sync rasters is large enough (w.r.t the intial frequency offset tolerance), the indication is no longer necessary
· Send an LS to RAN2 and RAN4 – R1-1801109, which is approved and final LS is in R1-1801182
Agreements:
· Send an LS to RAN4 regarding the following working assumption. Note that there are also other alternative(s) discussed in RAN1. 
· RAN1 asks RAN4 would especially appreciate if RAN4 can progress on the frequency offset associated with the value of M. RAN1 aims to make a decision in the early week of the next Feb. meeting. 
· (Working assumption) For signal generation:
· Agree to option 3a (unquantized)
· Baseband signal generation remains unchanged
· Change upconversion formula for all channels/signals expect PRACH to:
· 

 where 
· Upconversion formula for PRACH remains unchanged

In this contribution, we considered details for value of k0. Particularly, we discussed the potential values in various SCS and minimum bandwidth scenarios. We also look at the EPRE offset between SS/PBCH blocks and PDCCH. We considered common and UE specific PDCCH. 

Considerations for Value of k0


In RAN1#92, it was agreed that for RRC parameter k0, it takes values -6, 0 and 6 [4]. In the summary document from the RAN1#92-bis, there was a note by feature-lead that “By setting f0 to the middle of the carrier with the highest SCS with k0 = 0,  is sufficient to create the alignment for carriers with lower SCS” [2]. However, in [3], for the OFDM baseband signal generation, it was captured that the value of  is obtained from the higher-layer parameter k0. There has been confusion regarding the parameter k0 and k0. 

It is unclear if there is a one to one mapping between the k0 and the RRC parameter k0 or how the k0 is derived from the RRC parameter k0. In case that the k0 is derived from k0, it is not clear how such derivation is performed. Furthermore, it is not clear if k0 is specified in SCS of lowest sub-carrier spacing e.g. 15kHz for FR1, or the same value is used for all values of


In the RAN4 specifications [8], different guard bands are specified for respecitve minium bandwidth. These are specified for all sub-carrier spacing. We have included these tables in Appendix A and B. They determine the usable bandwidth in each case and each numerology. Using these numbers, we align the different sub-carrier configuration such that the lowest numbered subcarrier in a subcarrier spacing configurationcoincides with the lowest numbered subcarrier in any subcarrier spacing configuration less than. In the first case 30kHz SCS is aligned with 15 kHz SCS. The second case includs comparison of two sets of numerologies, 60kHz SCS aligned with 30kHz SCS and 60kHz SCS aligned with 15 kHz SCS. In these cases, we compute the center sub-carrier location in terms of 15KHz SCS for SCS spacing 30kHz and 60kHz. 
Table 1 shows full band allowable resource allocation in terms of 15kHz. It also gives the center frequency location in terms of 15kHz. 
Table 2 shows full band allowable resource allocation in terms of 30kHz. The center frequency locations are computed in terms of 30kHz and 15kHz. The difference between the center location is presented in the last column. Table 3 includes full band allowable resource allocation in terms of 60kHz. The center frequency location are computed in terms of 60kHz and 15kHz. The difference between these and the center location of 30kHz SCS case and 15 kHz case is computed in terms of 15kHz.

[bookmark: _Ref513564933]Table 1 Configuration in all minimum BW for 15kHz SCS
	min BW
	Guardband kHz
(for 15kHz SCS)
	Usable BW
	Max RBs
(15 kHz SCS)
	Center
Subcarrier
(in 15kHz)
	Center Freq
Including
Guardband 
(in 15kHz)

	5
	242.5
	4.515
	25
	150
	162

	10
	312.5
	9.375
	52
	312
	324

	15
	382.5
	14.235
	79
	474
	498

	20
	452.5
	19.095
	106
	636
	660

	25
	522.5
	23.955
	133
	798
	822

	30
	592.5
	28.815
	160
	960
	996

	40
	552.5
	38.895
	216
	1296
	1332

	50
	692.5
	48.615
	270
	1620
	1656



[bookmark: _Ref513565027]
Table 2 Configuration in all minimum BW for 30kHz SCS
	min BW
	Guardband kHz 
(for 30KHz SCS)
	Usable BW
	Max RBs
(30KHz SCS)
	Center 
Subcarrier
(in 30kHz)
	Center Freq
Including 
Guardband 
(in 15kHz)
	Potential
Offset between 
center
(in 15KHz)

	5
	505
	3.99
	11
	66
	156
	-6

	10
	665
	8.67
	24
	144
	324
	0

	15
	645
	13.71
	38
	228
	492
	-6

	20
	805
	18.39
	51
	306
	660
	0

	25
	785
	23.43
	65
	390
	828
	6

	30
	945
	28.11
	78
	468
	996
	0

	40
	905
	38.19
	106
	636
	1332
	0

	50
	1045
	47.91
	133
	798
	1656
	0

	60
	825
	58.35
	162
	972
	1992
	NA

	70
	965
	68.07
	189
	1134
	2328
	NA

	80
	925
	78.15
	217
	1302
	2664
	NA

	90
	885
	88.23
	245
	1470
	2988
	NA

	100
	845
	98.31
	273
	1638
	3324
	NA



[bookmark: _Ref513565096]Table 3 Configuration in all minimum BW for 60kHz SCS
	min BW
	Guardband kHz 
	Usable BW
	Max RBs
(60kHz SCS)
	Center 
Subcarrier
(in 60kHz)
	Center 
Subcarrier
(in 15kHz)
	Potential
Offset 
[60 vs 30]
(in 15KHz)
	Potential
Offset 
[60 vs 15]
(in 15KHz)

	5
	NA
	NA
	NA
	NA
	0
	NA
	NA

	10
	1010
	7.98
	11
	66
	324
	0
	0

	15
	990
	13.02
	18
	108
	492
	0
	-6

	20
	1330
	17.34
	24
	144
	660
	0
	0

	25
	1310
	22.38
	31
	186
	828
	0
	6

	30
	1290
	27.42
	38
	228
	996
	0
	0

	40
	1610
	36.78
	51
	306
	1332
	0
	0

	50
	1570
	46.86
	65
	390
	1656
	0
	0

	60
	1530
	56.94
	79
	474
	1992
	0
	NA

	70
	1490
	67.02
	93
	558
	2328
	0
	NA

	80
	1450
	77.1
	107
	642
	2664
	0
	NA

	90
	1410
	87.18
	121
	726
	2988
	0
	NA

	100
	1370
	97.26
	135
	810
	3324
	0
	NA







From our analysis, we believe the most offset we need to include for OFDM signal generation is [-90kHz 0, 90kHz]. Hence, should be in terms of 15 kHz subcarrier spacing for FR1. If k0 is used in the baseband formula, we believe it should be clarified that, the value  from higher layers is in terms of 15kHz SCS for FR1, and for OFDM baseband signal generation the  can be used. The unit (which SCS) for the value from higher layers should be clarified. 
Instead of modifying the up-conversion formula, k0 should be present in baseband formula from perspective of generating mixed numerology waveform. 
Proposal 1: In case that the k0 is derived from k0, how such derivation is performed should be clarified.

EPRE offset between SSS and PDCCHs
The way forward was proposed in the summary document as follows:
· Discuss first if a limitation on the transmitted EPRE difference between SSS and PDCCH should be specified
· If is agreed to specify a limitation, continue discussion on range and whether to signal it or not.  
Several approaches were discussed for putting a limitation on the EPRE offset between SSS and PDCCH. The three main alternatives were:
1. Specifying an offset range between SSS and PDCCH scheduling one or more of RMSI, OSI, Paging, MSG2, and MSG 4
2. Specifying an offset range between SSS and any PDCCH
3. No specification/signaling of offset between SSS and PDCCH is needed
EPRE offset limitation on the offset range should be further discussed. If EPRE offset is needed, the EPRE offset could be signalled in RMSI or OSI.
PDCCH to schedule RMSI will be quasi co-located associated SS/PBCH Block with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The QCL’ed SS/PBCH block is used as a reference for AGC tuning for the RMSI PDCCH for the idle mode UEs. As long as the QCL assumption is valid, a 0dB (no) offset or small dynamic range (+/-3dB) may be tolerated for RMSI PDCCH and other PDCCH (e.g. OSI, RAR, Paging) without causing AGC tuning problem. Hence similar to the agreement made on the EPRE offset between NR-PSS and NR-SSS, we believe there may not be a need for RRC signalling of the EPRE offset between SS/PBCH block and RMSI PDCCH. 
However, for UE-specific PDCCH the similar assumption may not be valid. For UE specific PDCCH the beamforming gain or precoding may be different than the SS/PBCH block. Channel gain may be different for individual users. Even though different AL can be used for different users, EPRE modification may give higher flexibility. However, for practical UE implementation, there should have some constraint for the maximum power offset between SS/PBCH block and these UE-specific PDCCHs. Hence, the dynamic range required and tolerated by receivers may be higher (e.g. +/-6 or +/-8dB) This may be quantized and indicated to UEs. This may best help UEs to configure their AGC in various channel scenarios. A default value of 0dB may be assumed by receivers if the EPRE offset is not configured. 
Proposal 2: Fixed value or small range for EPRE offset should be used for RMSI PDCCH. 

Conclusions
In this contribution, we considered details for value of k0. Particularly, we discussed the potential values in various SCS and minimum bandwidth scenarios. We also looked at the EPRE offset between SS/PBCH blocks and PDCCH. We considered common and UE specific PDCCH. We have the following proposal:
Proposal 1: In case that the k0 is derived from k0, how such derivation is performed should be clarified.
Proposal 2: Fixed value or small range for EPRE offset should be used for RMSI PDCCH. 
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Appendix A: Minimum guardband from 38.104 V15.1.0

Table 5.3.3-1: Minimum guardband [kHz] (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
	242.5
	312.5
	382.5
	452.5
	522.5
	[592.5]
	552.5
	692.5
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	505
	665
	645
	805
	785
	[945]
	905
	1045
	825
	[965]
	925
	[885]
	845

	60
	N.A
	1010
	990
	1330
	1310
	[1290]
	1610
	1570
	1530
	[1490]
	1450
	[1410]
	1370





Appendix B: Transmission bandwidth configuration from 38.104 V15.1.0
[bookmark: _Hlk497144372]
Table 5.3.2-1: Transmission bandwidth configuration NRB for 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

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	24
	31
	[38]
	51
	65
	79
	[93]
	107
	[121]
	135
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