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1
Introduction
During last several RAN1 meetings, RAN1 has achieved much progress on both SS block 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 multiple SS block transmissions in wideband CC, and finally provide our view and proposals. 
2
Multiple SS blocks in wideband CC
Number of SS blocks:
It was agreed to be able to allocate multiple SS blocks in wideband CC. Basically, how many SS block(s) are allocated in wideband CC is up to NW choice with their considerations of practical operation. There can be multiple aspects to decide that, such as system bandwidth of wideband CC, minimum UE bandwidth, number of intra-band CCs, UE capabilities, RRM measurement, etc. Therefore, there may not need to be a limit of the number of SS blocks in wideband CC.
Proposal 1:

· It is up to NW choice on how many SS block(s) are allocated within wideband CC. No need to limit the number of SS blocks in the specification.
RRM measurement: 

As discussed in previous RAN1#AH2 meeting to response RAN2 LS, it is not required for the UE to detect the SS block time index for every measurement sample which means that for the RRM measurement purpose, the UE may only detect NR PSS/SSS of neighboring cells without decoding the PBCH and RMSI. This principle for the RRM measurement should be also maintained in case multiple SS blocks are transmitted in wideband CC. In addition, the indication of actual transmitted SS block(s) will be provided via broadcast signaling from a gNB for reliable RRM measurement and flexible/efficient control/data transmission in the slot having the candidate SS block. This implies that the actual transmission of SS block in neighboring cell may need to be well known for both serving cell and neighboring cells. Therefore, it should be considered that how the UE assume the actual transmission of SS block of the neighboring cell for RRM measurement since the UE may not have to detect the MSI (Minimum System Information) of the neighboring cells only for the RRM measurement. For at least neighboring cell measurement, one simple way is just to follow the actual transmission of SS block obtaining from the serving cell or camped on cell, or to define some default pattern of the actual transmission of SS block.
  Any additional measurement of SS blocks other than the SS block the UE is using to associate with the cell should be considered an inter-frequency measurement by using measurement gap. The UE may only have an ability to monitor a single SS block on a particular frequency location. Even if the UE can monitor simultaneously more than one SS blocks on more than one frequency location, it is highly desired for the UE to only monitor a single SS block on a particular frequency location for low UE receiver complexity.
Proposal 2:
· At least for neighboring cell measurement, the UE can assume that the information on the actual transmission of SS blocks for the neighboring cells is based on that obtained from either the serving cell or camped on the cell.
· In case of there are multiple SS block transmissions in wideband CC, the UE is only required to monitor a single SS block on a particular frequency location for RRM measurement.

· The RRM measurement on other SS block(s) within wideband CC can be considered inter-frequency measurement.

3
Frequency location of SS block in 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  


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 locations 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 UE capabilities on the maximum bandwidth and the wideband operation mode (e.g. a single wideband CC, narrow BW CC, intra-band CA), the gNB could configure the bandwidth part for the UE and the number/presence of SS block(s) within wideband CC.
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Figure 1. NR wideband operation with multiple SS blocks

As an example, Figure 1 shows the various types of UEs operated in the different BWP(s), and the relationship between the channel raster and the sync raster for the potential SS block frequency location(s). In example, it is assumed that the SS blocks are presence on the specific sync raster as highlighted by blue triangles which are multiple times of the channel center.
Based on a UE bandwidth capability, UE 1 and UE 4 is for example operating on a wideband CC and intra-band CA, respectively, while both UE 2 and UE 3 is operating on the part of bandwidth (or narrow band CC) in a wideband CC. In addition, the bandwidth capability for UE 5 is narrower than the other UEs in a wideband CC. When considering the UE configuration in the wideband CC, it seems the SS block(s) in wideband CC are not always located in the center of each of bandwidth part. That is, whenever the UEs detect the SS block, they cannot be sure the SS block is located in the center of a bandwidth part or a CC. Since the UE cannot recognize where the frequency location of the SS block is allocated within a wideband CC before obtaining the information of the frequency location, and the SS block may not be allocated in the center frequency of a BWP, the frequency location of the SS block should be informed of UEs to indicate the control/data channel scheduling, RS sequence generation, UE specific BWP configuration, etc.
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Figure 2. Frequency location of SS block relative to BWP center frequency
One way to indicate the frequency location of SS block is for example that the relative offset with PRB or RBG between the center frequency of the SS block and that of the bandwidth part is provided by the gNB’s signaling as seen in Figure 2. In this case, that bandwidth part could be considered a common bandwidth part for all of UEs in the cell or a particular CC to detect the broadcast message like RMSI and OSI with the common PRB indexing as agreed in last RAN1 AH2 meeting. There can be different reference points for the frequency location of the SS block other than the center of the common BWP, for example, boundary of the common BWP, synch raster, channel raster, BWP PRB boundary, center/boundary of NR carrier, etc. Therefore, we need to compare all the options for the indication of frequency location of the SS block within wideband CC.
The sync raster (i.e. multiple times of channel raster) and RB grid alignment shall be considered to indicate the frequency location of a SS block within a wideband CC. It is noted that especially for the case of 100 kHz channel raster, the specific sync raster which have least frequency offset from the PRB grid could be used for the center of the SS block allocated in the PRB grid. For example, the multiple times of 180kHz (PRB) in 15kHz SCS should be aligned with the frequency location of the sync raster such as 900kHz (=180kHz*5), while the other frequency location of the sync raster may not be available due to the larger differences of frequency location between PRB boundary and the location of the synch raster. On the other hand, in case the sync raster is the multiple of 180kHz, it can be more flexible and easier to make it aligned with a PRB grid. When considering the frequency band for NR, because both LTE band in lower frequency band and higher frequency band is now assuming to be deployed, both 100kHz and 180kHz based sync raster should be considered at least for the PRB alignment.
Proposal 3:

· The frequency location of the SS block in wideband CC should be informed of the UEs by gNB’s broadcast signaling with the frequency offset value between the SS block and the BWP.
· Multiple of 100kHz and 180kHz based sync raster should be considered for the PRB alignment in the NR specification.
3 Summary and conclusion
In this contribution, we provided our view on the multiple SS blocks in wideband CC for NR. Based on the discussion, the following proposal are drawn:
Proposal 1:

· It is up to NW choice on how many SS block(s) are allocated within wideband CC. No need to limit the number of SS blocks in the specification.

Proposal 2:

· At least for neighboring cell measurement, the UE can assume that the information on the actual transmission of SS blocks for the neighboring cells is based on that obtained from either the serving cell or camped on the cell.

· In case of there are multiple SS block transmissions in wideband CC, the UE is only required to monitor a single SS block on a particular frequency location for RRM measurement.

· The RRM measurement on other SS block(s) within wideband CC can be considered inter-frequency measurement.

Proposal 3:

· The frequency location of the SS block in wideband CC should be informed of the UEs by gNB’s broadcast signaling with some offset values between the SS block and the BWP.

· Multiple of 100kHz and 180kHz based sync raster should be considered for the PRB alignment in the NR specification.
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