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1 Background 

Channel arrangements and raster were discussed in previous meetings [1-7]. Based on the proposal in [3], it was agreed at RAN4#82 in Athens that the possibility of having a synchronization channel raster that is more sparse than the channel raster should be studied further, considering existing RAN1 and RAN4 agreements. 
The parameters related to RF channel bandwidth, subcarrier spacing and synchronization channel are not fully determined in RAN1 and RAN4. RAN1 made progress at the Spokane meeting on initial access related to the synchronization channel raster [8]. This contribution continues the discussion by making an analysis of the RAN1 agreements and proposes to respond to RAN1 on this topic.
2 RAN1 and RAN4 agreements related to the sync channel and raster

The following working assumptions regarding the Synchronization Sequence and raster were agreed at RAN1 #88bis in Spokane [8]:
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence

· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges:
· 15kHz/30kHz for below 6 GHz, and
· 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

RAN1 has previosldy agreed [9] on the minimum channel bandwidth as follows:

· 40 or 80 MHz minimum BW for bands in 6-52.6 GHz 
· 5 or 10 Mhz minimum BW for bands below 6 Ghz 
· RAN4 will determine the minimum channel BW value to use in each operating band.
Present status and agreements on subcarrier spacing (SCS):
· RAN4 has agreed a WF on SCS in [6]:
· SCS of 15, 30 and 60 kHz are feasible for bands below 6 GHz

· SCS of 60, 120, 240 kHz are potential candidates for bands above 6 GHz (480 kHz feasibility is ffs) 

3 Implications for initial access and search time

The agreements in RAN1 and RAN4 outlined above have implications for the possibilities of arranging the sync channel and setting a sync channel raster. It is assumed that the synchronization channel will use a predetermined SCS and minimum channel BW in each operating band.
The advantages of having a more sparse synch channel raster in terms of reduced search time for the initial access has been pointed out several times [1,3,6,7] and has also been an assumption in the RAN1 work. It relies on the synchronization channel bandwidth being smaller than full channel BW of the RF carrier transmitted from the BS and that it is not in a fixed position within the configured bandwidth. This is demonstrated in Figure 1 below.

The synchronization channel will have a fixed size of 127 subcarriers, but since it is associated with the PBCH through a predetermined relation, it is really the width of the PBCH of 288 subcarriers that defines the flexibility of how to place the sync channel. It is not yet determined by RAN1 to what granularity that the SS and BPCH can be placed within the transmitted carrier. For the discussion here, any position with the RF carrier is assumed possible for simplicity, setting a boundary condition for the placement.
Borrowing from LTE terminology, the transmitted Resource Blocks set the Tx BW configuration BWConfig, which will be slightly less than the actual channel bandwidth, depending on the (not yet agreed) channel utilization. The PBCH, being of a fixed bandwidth BWPBCH will be smaller than BWConfig.
With the present agreements in RAN1 and RAN4, these conditions can be met in most cases. This means there will always be one complete synchronization channel contained inside the RF channel, regardless of where the RF channel is placed. An example is illustrated in Figure 1.
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Figure 1: Possible shifts for the PBCH as the transmitted carrier is shifted on the RF carrier raster.
In the example in Figure 1, two carrier positions 1 and 2 are shown. It is assumed that PBCH (and SS) can be placed on a raster that is more sparse than the RF carrier raster and those sync channel raster positions are called FSC,i. Position 1 is the highest (rightmost) position of BWConfi on the RF channel raster where the PBCH can be related to the sync channel position FSC,1, thus the PBCH occurs as far left as possible on the carrier. Position 2 is the next position on the RF channel raster, thus shifted by ΔFCH,Raster from Position 1. 
While the carrier is shifted a very small step ΔFCH,Raster, the PBCH has to be placed on the next sync channel raster position to remain within the transmitted BWconfig. The highest (rightmost) position it can be placed at is FSC,2 at the rightmost edge of BWconfig. The figure shows that the sync channel raster spacing ΔFSC,Raster is thus limited by the following equation:
ΔFSC,Raster ≤ BWConfig – BWPBCH – ΔFCH,Raster
where ΔFCH,Raster is in most cases negligible compared to the other parameters. Note that it is the minimum possible BWConfig in an operating band that will be limiting for the sync channel raster.
Based on the RAN1 agreed working assumptions, we can now derive the maximum possible synch channel raster spacing. This is done in Table 1 for the RAN1 agreed parameters and some example minimum RF carrier bandwidths for an operating band, including the minimum possible one, as stated by RAN1. 
For deriving the “Maximum possible” raster spacing in Table 1, BWconfig is assumed equal to the channel bandwidth. Since the RF carrier raster is not agreed yet, it is assumed that ΔFCH,Raster is sufficiently small to be negligible. Additional uncertainties are flexibility and granularity of how the PBCH and PSS/SSS can be placed in the frequency domain, plus the not yet agreed spectrum utilization. The Maximum possible sync channel raster spacing ΔFCH,Raster shown below should thus be seen as an upper bound that can never be exceeded. 
To show a slightly more realistic number, the last column in Table 1 is based on using 90% of the channel BW as BWConfig, to account for some of the uncertainties.

Table 1: Derivation of maximum possible sync channel raster spacing

	Operating band
	Minimum Channel Bandwidth in band
(assumed as BWConfig)
	SC spacing
	PBCH bandwidth BWPBC
	Maximum possible sync channel raster spacing ΔFCH,Raster (Upper bound)
	Sync channel raster spacing ΔFCH,Raster based on 90% of the channel BW

	Below 6 Ghz
	5 MHz
	15 kHz
	4.32 MHz
	~0.68 MHz
	0.18 MHz

	
	5 MHz
	30 kHz
	N/A
	N/A
	N/A

	
	10 MHz
	15 kHz
	4.32 MHz
	~5.68 MHz
	4.68 MHz

	
	10 MHz
	30 kHz
	8.64 MHz
	~1.36 MHz
	0.36 MHz

	Above 6 Ghz
	40 MHz
	120 kHz
	34.56 MHz
	~5.44 MHz
	1.44 MHz

	
	40 MHz
	240 kHz
	N/A
	N/A
	N/A

	
	80 MHz
	120 kHz
	34.56 MHz
	~45.44 MHz
	37.44 MHz

	
	80 MHz
	240 kHz
	69.12 MHz
	~10.88 MHz
	2.88 MHz


From the analysis, some observations can be made.
OBSERVATION 1: The Channel BW/SCS combinations 5 MHz/30 kHz and 40 MHz/240 kHz are not useable with the current size of the PBCH. PBCH would have to be smaller than approximately 150 subcarriers in order to fit in the channel.
While the RF carrier raster has not yet been decided, values in the order of ~100 kHz has been discussed for below 6 GHz bands and ~1 MHz or higher for above 6 GHz bands. In order to substantially reduce search time compared to searching the RF channel raster, it should be possible to select a sync channel raster spacing substantially higher than that.

OBSERVATION 2: In order to get a substantial gain from a scheme where the SS and PBCH are smaller than the full configured bandwidth and not in a fixed position, the maximum possible sync channel raster spacing should be substantially larger than the RF carrier raster. This is however not the case for the combinations 5 MHz/15 kHz, 10 MHz/30 kHz, 40 MHz/120 kHz and 80 MHz/240 kHz, which are very likely as baseline parameters for operating bands. This will not enable the reduced search time and complexity that would be possible with smaller PBCH bandwidths.
While the RAN1 scheme does provide several options in parameters as shown above, there is a severe restriction due to the choice of 288 subcarriers for the PBCH from a RAN4 point-of-view. This conclusion should be conveyed to RAN1.

4 Proposal
This paper has discussed and presented an initial proposal for channel raster and numbering. The following is proposed for further consideration as part of a channel raster and numbering scheme:
PROPOSAL 1: It is proposed that an LS is sent to RAN1 with the observations made above regarding the implications of the parameters for sync channel, PBCH and initial access made by RAN1.
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