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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The design principle of NR initial access physical layer design has been received from RAN1 [2]. It is assumed that RAN4 decides the subcarrier spacing and raster for the sync signals (PSS/SSS). In this paper, we discuss this issue and propose the way forward. 
2	Discussion
2.1 sync signal subcarrier spacing and bandwidth
In RAN4, subcarrier spacing has been agreed in [1]. In LS from RAN1, subcarrier spacing of PSS and SSS is 15/30kHz for below 6GHz and 120/240kHz for above 6GHz [2]. This is shown in Table 1.
Table 1 subcarrier spacing options
	
	< 1 GHz
	1 - 6 GHz
	6 – 24 GHz
	24 - 52.6 GHz
	> 52.6 GHz

	Subcarrier spacing [1]
	15, 30 kHz
[60 kHz is pending RAN1 decision]
	15, 30, 60 kHz
	
	60, 120 kHz
[240 kHz is not applicable for data, to be further considered.]
	

	Subcarrier spacing for PSS/SSS [2]
	15, 30 kHz
	120, 240 kHz



There are two possible sync signal subcarrier spacing for each frequency range, for which RAN4 decision is needed in each frequency band. We understand that no blind detection of subcarrier spacing is assumed in RAN1 [6].
Observation 1: RAN4 is expected to decide the criteria to decide one subcarrier spacing for PSS/SSS for each frequency band.
To select the subcarrier spacing, some aspects such as acquisition performance and deployment flexibility need to be discussed. PSS/SSS sequence length is 127. Thus, including some guard carriers, PSS and SSS can be fit within 12 RBs. The signal bandwidth for each subcarrier spacing is shown in Table 2. The bandwidth of PBCH, which occupies 288 subcarriers, is also shown in Table 2. The relative positions in time and frequency domain of PSS, SSS, and PBCH are pending RAN1 decision, however, we understand it will be based on predefined relation such that SSS and PBCH locations in time and frequency can be identified after PSS detection [7].
Table 2 bandwidth for PSS/SSS and PBCH
	Sub carrier spacing
	Bandwidth occupied
by 12 RBs (144 subcarrier)
(PSS/SSS + guard carriers)
	Bandwidth occupied
by 24 RBs (288 subcarrier)
(PBCH)

	15 kHz
	2.16 MHz
	4.32 MHz

	30 kHz
	4.32 MHz
	8.64 MHz

	60 kHz
	N/A
	17.28 MHz

	120 kHz
	17.28 MHz
	34.56 MHz

	240 kHz
	34.56 MHz
	69.120 MHz



In general, the wider signal bandwidth can benefit from frequency diversity in the detection performance of PSS/SSS/PBCH. In this regard, the wider subcarrier spacing is recommended, however this may be also related to the subcarrier spacing used in adjacent resource blocks, guard-band size and filtering scheme in case of mixed numerology due to non-orthogonality. 
Observation 2: In general, wider sync signal SCS is expected to benefit from frequency diversity in acquisition performance, although it may also depend on other aspects.

2.2 sync signal raster for below 6GHz
Disadvantage of using a wider subcarrier spacing for the bands below 6GHz is limitation of the sync signal raster in a narrow channel bandwidth. The minimum channel bandwidth is 5MHz for NR below 6GHz [5]. For 5MHz channel bandwidth, only 15kHz and 30kHz sync signal subcarrier spacing can be fit within the channel bandwidth. Figure 1 shows the possible sync raster positions within 5MHz channel for 30kHz sync signal subcarrier spacing.


Figure 1 sync signal center in 5MHz channel with 30kHz sync SCS
Since the NR transmission bandwidth is not agreed yet, LTE transmission bandwidth is shown in Figure 1 with 90% utilization within the channel bandwidth. The sync signal raster shall be placed within 180kHz (=4.5-4.32MHz) range around the center of channel bandwidth. This means the sync channel raster must be placed at least every 180kHz to support any channel position of 5MHz channel. In case of LTE, 5MHz channel can be placed anywhere in the spectrum with 100kHz rater, therefore any channel position needs to be supported [8]. 
For 15kHz sync signal spacing, the raster can be placed every 2.34MHz (=4.5-2.16MHz) position to support any 5MHz channel allocation as shown in Figure 2.


Figure 2 sync signal center in 5MHz channel with 15kHz sync SCS
However, PBCH occupies twice more subcarriers than sync signal as shown in Table 2. For 5MHz channel bandwidth, PBCH SCS shall be 15kHz. Only single fixed relation (such as aligning the center of PSS/SSS/PBCH) does not work for the rater more than 180kHz, although the fixed relative position seems to be RAN1 assumption [7]. At least two hypotheses are required for 5MHz channel case, which can be blindly detected after sync signal acquisition.


Figure 3 possible PBCH positions for 15kHz SCS.
Observation 3: For minimum NR channel bandwidth of 5MHz, 30kHz sync SCS cannot support sparse sync raster more than 180kHz to support any channel allocation. 
Observation 4: On the other hand, 15kHz sync SCS with 5MHz channel bandwidth can support up to 2.34MHz sync signal raster. However, if PBCH bandwidth is 4.32MHz, then multiple hypothesis of PBCH position may be required in frequency domain. Otherwise, sparse sync raster more than 180kHz cannot be supported.
For sufficiently wider channel bandwidth, we can place multiple raster positions within the bandwidth, which can accommodate PSS/SSS/PBCH without need of multiple hypothesis for PBCH. Multiple raster positions within a wideband CC are also indicated in RAN1 LS [1]. However, 10MHz channel bandwidth is still not wide enough for 30kHz SCS for PBCH i to use a sparse raster more than 360kHz, as presented in Table 3. Although PBCH SCS has not been informed from RAN1, we understand a unique PBCH SCS per band is predefined in RAN1. RAN4 decision on sync SCS and raster seems to have a dependency on RAN1 design of PSS/SSS/PBCH structure. This needs to be further checked with RAN1.
Observation 5: RAN4 needs to check with RAN1 about PSS/SSS and PBCH structure how it fit in a small channel bandwidth.

Table 3 shows the possible sync signal raster for other channel bandwidths and SCS combinations based on the similar discussion as above.
Table 3 Maximum sync signal raster for below 6GHz
	Channel bandwidth
	Sync SCS
	PBCH SCS
	Maximum possible sync raster to support arbitrary channel allocation with 90% transmission bandwidth

	5MHz
	15 kHz
	15 kHz
	180 kHz
2340 kHz (with PBCH multiple hypothesis)

	10MHz
	15 kHz
	15 kHz
	4680 kHz
6840 kHz (with PBCH multiple hypothesis)

	
	30 kHz
	15 kHz
	4680 kHz

	
	15 kHz
	30 kHz
	360 kHz
1360 kHz (with PBCH multiple hypothesis)

	
	30 kHz
	30 kHz
	360 kHz
1360 kHz (with PBCH multiple hypothesis)

	20MHz
	15 or 30 kHz
	15 or 30 kHz
	9360 kHz



At least for the frequency bands with 5MHz minimum channel bandwidth, 15kHz would be selected by RAN4. 30kHz may be a good candidate for the bands with a wide maximum channel bandwidth (such as 100MHz) if the minimum channel bandwidth is at least 10MHz.
For the alignment with exiting channel raster, i.e., 100kHz for LTE, although this is not strictly required but recommended [8], possible sync signal raster would be a multiple of 300kHz for 15kHz SCS. Also, RB alignment is recommended not to waste the subcarriers among channels. Thus, a multiple of 900kHz (such as 1800kHz) would be a good candidate for the sync raster. 
Although PBCH structure needs further checking with RAN1, we propose the following working assumptions.
Proposal 1: For the bands below 6GHz that supports minimum 5MHz channel bandwidth, 15kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal2: For the bands below 6GHz that supports minimum 10MHz channel bandwidth and wide maximum channel bandwidth up to 100MHz, 30kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal 3: For the bands below 6GHz, a multiple of 900kHz is a good candidate for sparse sync signal raster.
Proposal 4: RAN4 checks with RAN1 on PSS/SSS and PBCH physical layer design to finalize the RAN4 decision on sync SCS and raster.

2.3 sync signal raster for above 6GHz
The similar analysis is conducted for the case above 6GHz, where minimum channel bandwidth is 50MHz [5] and sync SCS is either 120 or 240kHz. Since the available bandwidth is sufficient, multiple PBCH hypothesis is not considered. The maximum possible sync raster is derived for each SCS in Table 3. It is assumed that PBCH SCS is 60kHz or larger.

Table 3 Maximum sync signal raster for above 6GHz
	Channel bandwidth
	Sync SCS
	PBCH SCS
	Maximum possible sync raster to support arbitrary channel allocation with 90% transmission bandwidth

	50MHz
	120 kHz
	60 kHz
	27.72 MHz

	50MHz
	120 kHz
	120 kHz
	10.44 MHz

	50MHz
	240 kHz
	60/120 kHz
	10.44 MHz

	50MHz
	120/240 kHz
	240 kHz
	Not possible to fit PBCH.

	100MHz
	120/240 kHz
	60/120/240 kHz
	20.88 MHz



For the bands above 6 GHz, SCS 240kHz for PBCH does not fit within 50MHz. Thus, in that case 120kHz SCS may be a good candidate. 120kHz SCS for data can support up to 400MHz channel bandwidth in a single component carrier. Other than that, all SCS configurations in Table 3 is feasible with sparse sync signal raster up to 10.44MHz. We observe that 100kHz alignment with LTE raster will not be necessary [8] for the new NR bands above 6GHz, so only the alignment with RB size is recommended. At least of the bands 24-52.4GHz band, minimum data RB size is 720kHz for 60kHz data SCS, so a multiple of 720kHz, up to 10.08MHz (less than 10.44MHz), would be a good candidate.
Proposal 5: For the bands above 6GHz with minimum channel bandwidth 50MHz and maximum channel bandwidth up to 400MHz, 120kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal 6: For the bands above 6GHz with wider minimum and maximum channel bandwidth than Proposal 5, 240kHz SCS may be further discussed.
Proposal 7: For the bands above 6GHz, a multiple of 720kHz up to 10.08MHz is a good candidate for PSS/SSS and PBCH raster.

2.3 Common sync signal raster for all bands
In the initial acquisition phase of PSS, UE does not always have the information on the frequency bands to look for. It is possible that multiple frequency bands (regardless of FDD, TDD, etc) cover the same frequency range. Thus, it is recommended that the sparse sync signal raster is globally defined for all bands. If the sync raster offset is introduced differently for each band, then UE must search every raster for every band that UE supports. This is not efficient in terms of acquisition time, power consumption, etc.
Proposal 8: It is proposed that the sync signal raster shall be common among all bands covering the same frequency range.

3	Conclusion
In this paper, we have discussed the sync signal SCS and raster. Although further feedback from RAN1 is required, the following observation and proposals are proposed as working assumptions.
Observation 1: RAN4 is expected to decide the criteria to decide one subcarrier spacing for PSS/SSS for each frequency band.
Observation 2: In general, wider sync signal SCS is expected to benefit from frequency diversity in acquisition performance, although it may also depend on other aspects.
Observation 3: For minimum NR channel bandwidth of 5MHz, 30kHz sync SCS cannot support sparse sync raster more than 180kHz to support any channel allocation. 
Observation 4: On the other hand, 15kHz sync SCS with 5MHz channel bandwidth can support up to 2.34MHz sync signal raster. However, if PBCH bandwidth is 4.32MHz, then multiple hypothesis of PBCH position may be required in frequency domain. Otherwise, sparse sync raster more than 180kHz cannot be supported.
Observation 5: RAN4 needs to check with RAN1 about PSS/SSS and PBCH structure how it fit in a small channel bandwidth.
Proposal 1: For the bands below 6GHz that supports minimum 5MHz channel bandwidth, 15kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal2: For the bands below 6GHz that supports minimum 10MHz channel bandwidth and wide maximum channel bandwidth up to 100MHz, 30kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal 3: For the bands below 6GHz, a multiple of 900kHz is a good candidate for sparse sync signal raster.
Proposal 4: RAN4 checks with RAN1 on PSS/SSS and PBCH physical layer design to finalize the RAN4 decision on sync SCS and raster.
Proposal 5: For the bands above 6GHz with minimum channel bandwidth 50MHz and maximum channel bandwidth up to 400MHz, 120kHz SCS is a good candidate for PSS/SSS and PBCH.
Proposal 6: For the bands above 6GHz with wider minimum and maximum channel bandwidth than Proposal 5, 240kHz SCS may be further discussed.
Proposal 7: For the bands above 6GHz, a multiple of 720kHz up to 10.08MHz is a good candidate for PSS/SSS and PBCH raster.
Proposal 8: It is proposed that the sync signal raster shall be common among all bands covering the same frequency range.
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