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1
Introduction

During last several RAN1 meetings, RAN1 has achieved much progress on initial access and wideband operation for NR. Followings are corresponding to the agreements related to the presence of multiple SS block(s) in a wideband CC for NR.
	Working assumptions made in RAN1#87:

· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility
Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))

· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling

· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement

· FFS: Details of measurement configuration
Agreement
· Support the following: 

· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 

· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster

· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC

· It is RAN1 understanding that guard band might be supported by RAN4 

· Allow single or multiple Sync signal locations in wideband CC

· Consider further impact on design for: 

· Reference signals

· Resource Block Group design and CSI subbands
Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing


In this contribution, we discuss about frequency position of multiple SS blocks including related design aspects (e.g. channel/sync raster), and finally propose a corresponding signaling for a frequency position of SS block in a wideband CC. 
2
Frequency position of multiple SS block 
According to the agreement for the relationship between a sync raster and channel raster as below, the density of the sync raster can be sparser than that of channel raster. In a wideband operation, if the sync bandwidth (i.e. 24 PRBs) is smaller than the minimum system bandwidth for a given frequency band, there can be the multiple frequency positions for which SS block(s) are potentially presence in a wideband CC. Moreover, there are multiple maximum bandwidth capabilities for NR UEs as seen in Figure 1 and depending on the supported maximum bandwidth capability and wideband operation mode (e.g. using a single wideband CC, a CC with narrower bandwidth, CA or Dual-connectivity) from UEs in a cell, a gNB would consider the configuration of bandwidth part for the UEs and the number/presence of SS block(s) which can be transmitted within a wideband CC.
	Agreements:
· When the sync bandwidth is smaller than the minimum system bandwidth for a given frequency band, RAN1 strives to make the synchronization signal frequency raster sparser compared to channel raster to reduce UE initial cell selection burden without limiting the NR deployment flexibility 

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster 

· When the sync bandwidth is the same as the minimum system bandwidth for a given frequency band that UE searches, synchronization signal frequency raster is the same as the channel raster

· FFS If UE is required to search for all the possible synchronization signal frequency locations defined by the synchronization signal frequency raster  


As an example, Figure 1 shows the various types of UE operating bandwidth operated in the different BP configuration, and the relationship between channel raster and nominal sync raster for potential SS block frequency position(s). In example, it is assumed that the SS blocks are presence in the specific nominal sync raster as highlighted by blue triangles which are not same as channel center. 
Based on a UE bandwidth capability, UE 1 and UE 4 is for example operating on a wideband CC with/without CA, respectively, while both UE 2 and UE 3 is operating a part of bandwidth (or a narrower CC) in a wideband CC. In addition, the bandwidth configuration for UE 5 and UE 6 is narrower than the other UEs in a wideband CC. For a sync raster being able to potentially transmit a SS block, it is assumed to be multiple times of channel raster (e.g. 100kHz channel raster, 900kHz sync raster) so that initial acquisition time is reasonably short, and in this example, it is called by a nominal sync raster which will be used to determine the actual sync raster (i.e. center frequency of SS block) based on a requirement of the PRB grid alignment. 
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Figure 1. NR wideband operation with multiple SS blocks (without guard subcarrier)
For NR channel raster, LTE channel raster (i.e. 100kHz) should be also maintained for NR when current existing GSM/UTRA/E-UTRA channels are refarmed to the NR but there are several neighboring bands and non-3GPP service using LTE channel raster so that operators keep their channel centre. Because there may be interference problem in terms of the coexistence if the LTE channels are refarmed to the NR channels with a different channel raster. In addition, when considering regulation in some countries, it may not be possible to change the LTE channel raster for NR in some bands. Therefore, it is expected for NR to still use the LTE channel raster especially for below 6GHz or existing E-UTRA band if refarmed, while the other channel raster (e.g. multiple of 180 kHz) is beneficial for NR to use for the PRB grid alignment from flexible spectrum usage perspective in case of high frequency range above 6GHz.
Table 1. Channel spacing for RB grid alignment in case of 100kHz channel raster

	RB size (kHz)
	Channel spacing for RB alignment (kHz)

	180
	N x 900

	360
	N x 1800

	720
	N x 3600

	1440
	N x 7200

	2880
	N x 14400


Based on the assumption for channel raster and sync raster above, the sync raster (i.e. multiple time of channel raster) and RB grid alignment shall be considered to indicate the frequency position of a SS block within a wideband CC. Since a UE cannot recognize where the frequency position of the SS block is allocated within a wideband CC during initial cell access and the SS block may not be allocated in the center frequency of a BP or CC, the frequency position for a SS block should be informed of UEs by gNB signaling. There are some signaling options for that as seen in Figure 2.
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Figure 2. Offset indications for center frequency position of SS block with PRB grid alignment
In Figure 2, it is assumed to use 100 kHz channel raster and N x 900 kHz nominal sync raster for better alignment between PRB grid and the nominal sync raster when 15kHz SCS is assumed as in Table 1. Sync signal raster defines the center of the sync signal bandwidth. There is a DC subcarrier offset of SCS/2 for a channel center in case a SS block is not allocated in the channel center. As seen in Figure 2, there are three frequency offsets to indicate the frequency position of SS block. In UE perspective, a UE may blindly detect the bandwidth in mapped a SS block based on the nominal sync raster with a specific predefined frequency offset range according to the offset indications. And then, a gNB provides an indication of center frequency of the SS block in the bandwidth part or CC which is aligned with a PRB grid. The one of offsets for the signaling can be considered as followings:
· Offset 1: from channel center frequency to sync center frequency via the number of PRB
· Offset 2: from nominal sync raster to sync center frequency via the predefined mapping table between PRB index and offset

· Offset 3: from center frequency of BP to sync center frequency via the number of PRB

It is noted that especially for the case of 100 kHz channel raster, some specific nominal sync raster which have least frequency offset from the PRB grid can be only used to make the nominal sync raster closer to the SS block center allocated in the PRB grid as much as possible.
In case different channel raster is assumed to be same as multiple of 180kHz for high frequency range, it can be more flexible and easier to make it aligned with a PRB grid, while it also requires one of signaling discussed in above to indicate a SS block frequency position in the bandwidth part or CC. 
In summary, in order to inform a UE about the frequency position of SS block(s) within a BP or CC, the offset indication should be provided using PBCH, SIB or dedicated RRC signaling depending on UE modes.

Proposal 1: RAN1 should consider the indication of frequency position of SS block(s) within a wideband CC.
3 Summary and conclusion
In this contribution, we provided our view on the indication of frequency position of SS block(s) for NR. Based on the discussion, the following proposal are drawn:
Proposal 1: RAN1 should consider the indication of frequency position of SS block(s) within a wideband CC.
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