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1. Introduction

During RAN1#89 meeting, the following agreements were reached[1] on multiple SS block transmissions in wideband CC.
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
In addition,  during RAN1#90 meeting, the following agreements on indication of actual SS/PBCH block transmission have been agreed.
Agreements:(RAN1#90)
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives

· Alt.1: Group-Bitmap + Bitmap in Group

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted

· E.g., [8]+[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, the number of actually transmitted SS/PBCH block indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index, and the number is commonly applied to all transmitted Groups

· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)

· A Group is defined as consecutive SS/PBCH blocks

· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, each Group has the same pattern of SS/PBCH block transmission, and the number of actually transmitted Groups indicates how many consecutive Groups are actually transmitted starting from the first Group

· E.g., [8]+[3] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, SS/PBCH blocks within a Group are logically consecutive, and the number of actually transmitted SS/PBCH block for each Group indicates how many logically consecutive SS/PBCH blocks are actually transmitted starting from the first index

· Minimum [8]+[3] bits, maximum [8]+[3]*[8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group

· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks

· [6]+[6]+[6] bits

· Alt.6: Group-Bitmap

· A Group is defined as consecutive SS/PBCH blocks

· Group-Bitmap can indicate which Group is actually transmitted, and all SS/PBCH blocks within a transmitted Group are actually transmitted

· E.g., [8] bits in case of 8 Groups and 8 SS/PBCH blocks per Group
· Other alternatives are not precluded

· Indicated resources are reserved for actually transmitted SS blocks

· Data channels are rate matched around actually transmitted SS blocks

In this contribution, we discuss the remaining details on SS block transmission including multiple SS block transmissions in wideband CC and the indication of actural SS block transmission. This contribution is revised from R1-1713252.
2. Discussion  
2.1. Remaining details on SS block transmissions
Indication of actual SS block transmission for above 6GHz case

During RAN1#90 meeting, it has been agreed that for below 6GHz full bitmap (8bits) is used for indication of actual SS/PBCH block transmission and indication is in compressed form in above 6 GHz case for which 6 alternatives have been indentified. Assuming there are 8 Groups and 8 SS/PBCH blocks per Group for alternative1/2/3/4/6, candidates 1 and candidates 5 have the most flexibility while they comsume the largest overhead which are 16 and 18 bits respectively.  Alternative 2/3/4 use less indicaton bits but has some indication constraint,e.g., the SS/PBCH blocks actually transmitted within the SS/PBCH group can start only from the first index or the SS/PBCH Groups actually transmitted can start only from the first Group.For candidate 6, only the SS/PBCH group are indicated thus it utilize the minimum indication bits but the indication granularity which is 8 SS/PBCH block is relative larger.
There are Pros and Cons for each candicate. We slightly prefer candidate 6 because it uses the minimun overhead and the indication granularity of 8 SS/PBCH would be enough for the eNB implementation. 
Proposal 1: Alt.6( Group-Bitmap) is proposed for Indication of actual SS block transmission for above 6GHz case.
Indication of actual SS block transmission of neighboring cells 
It is still FFS whether to support indication of actual SS/PBCH block transmission for mobility measurement for neighbour cells and how to indicate it. Indication of actual SS/PBCH block transmission of neighbour cells may be beneficial for UE’s power saving when performing RRM menasurement for these cells, e.g., with such indication the UE does not have to do measurement on the nominal SS block locations without SS block trasnsmission from the neighbroing cells. For the case of synchronized network, it is easy for the UE to determine the actual SS block transmission of neighboring cells with such indication and one bitmap as the indicator is enough. For example, as illustrated in Figure 1, bitmap “11010000” can be used to indicate the SS block transmission of neighboring cell 1/2/3.For the case of unsynchronized network, besides the actual SS block transmission indication, the timing difference of each neighboring cell relative to the serving cell is also necessary to help the UE to get SS block timing locations of the neighboring cell. 

[image: image1.emf]Neighboring Cell 1

Nominal SSB locations

Actual transmitted SSB 

locations

Neighboring Cell 2

Neighboring Cell 3


Figure 1  actual SS block transmission of neighboring cells

Proposal 2: At least for the case of synchronized network, actual SS block transmission of neighboring cells can be indicated to the UE. 
Indication of actual SS block transmission of  Scells in CA case
Similarly, for the case of carrier aggregation, it is also beneficial for the UE to do RRM measurement and rate matching if the actual SS block transmissions of  Scells are indicated to the UE by, e.g.,  the form of UE-specific RRC signaling from the Pcell.

 Proposal 3: Actual SS block transmissions of  Scells can be indicated to the UE by the Pcell in CA case.
2.2. Remaining details on multiple SS block transmissions
The number of SS block in wideband CC
For multiple SS block transmission, the numer of SS blocks in wideband CC depends on several factors.
The first one is the bandwidth and the frequency band of the wideband CC. The wider the component carrier, the bigger the difference of the channel characteristic in different bandwidth parts of wideband CC would be. For different frequency band,  the channel characteristic variation within one wideband CC may also be different. Note that those aspects are up to RAN4’s study. 
The second one is  the initial access latency. For UEs with narrow bandwidth capability such as 10MHz which is much smaller than the wideband CC such as 400MHz, the initial access latency would be long if there is only one or very few SS blocks within the wideband CC. Therefore, more SS blocks within the wideband CC provide more chances for the UE to detect the SS blocks in the frequency domain thus speedy the initial access procedure for NR UEs with narrow bandwdith. 
Based on the above discussion, it is beneficial for the gNB to have the freedom to determine the number of the SS block number in the wideband CC based on the actual deployment scenario and the specific requirement.

Proposal 4: It is up to the gNB to determine the number of the SS block number in the wideband CC.

The frequency locations of the SS blocks in wideband CC
In order to provide network deployment flxibility, it has been agreed as a working assumption that the center frequency for the synchronization signal can be different from the center frequency of the NR carrier. For multiple SS block transmission in wideband CC, one method is that any of the multiple SS block is transmitted with its frequency location irrespective of other SS block’s frequency locations. The maximum flexibility can be expected based on such method, but when the UE needs to know the frequency locations of  the SS blocks for the purpose of,e.g.,RRM measurement and PDSCH rate matching,  the UE needs to blindly search all the possible frequency locations of the SS block, i.e., on the synchronization signal rasters. This undoubtedly increases UE’s SS block searching effort and power consumption. Alternatively, multiple SS block can be transmitted with some frequency location association relationship within the wideband CC. For example, the SS block can be uniformly distributed within the wideband CC. The frequency distance of two adjacent SS blocks can be predefined or informed to the UE. Once the UE detect any one of the multiple SS blocks, it can directly determine other possible SS block frequency locations within the wideband CC based on the frequency location of the detected SS block and the frequency distance.  This would be obviously beneficial to save the UE’s power especially for the case the wideband CC with very large carrier bandwidth. Therefore, we propose that multiple SS block are transmitted with specific frequency location association relationship within the wideband CC.
Proposal 5: Multiple SS block are transmitted with specific frequency location association relationship within the wideband CC. 
The gNB can infrom the UE the frequency location association relationship of multiple SS blocks, the number of transmitted SS blocks and SS block index in the frequency domain of each SS block. For example, as shown in figure 2, there are 4 SS blocks uniformly distributed with 100MHz frequence distance in the 400MHz wideband CC.If the gNB can signal the UE the number of the SS blocks 4 and the frequency distance 100MHz, the UE can get all the frequency locations for the 4 SS blocks once the UE detects any of the SS block and gets its index in the frequency domain.

Proposal 6: The gNB can send some indication information in order to assist the UE to get SS block frequency locations, and such indication information can be the frequency location association relationship of multiple SS blocks, the number of transmitted SS blocks and SS block index in the frequency domain of each SS block.
RRM measurement based on multiple SS blocks in wideband CC 

For the case of multiple SS block in wideband CC, it is FFS how the UE perform RRM measurement, e.g., how many SS block needs to measured.  As discussed above, there may be different deployment scenarios and service requirements regarding   multiple SS blocks transmission within wideband CC. For the case the channel characteristic varition is obvious within the wideband CC due to very large bandwidth as mentioned above,RRM measurement based only one SS block can’t reflect the channel condition of the total wideband CC thus it is beneficial to perform RRM measurement based on multiple SS blocks. Otherwise, if the channel condition is well consistent within the wideband CC, RRM measurement based on one of SS block would be enough. Or, in this case, the UE can also measure all or one subset of the SS blocks and average the measurement results to improve the measurement quality. In addition, if RSRQ measurement is decided to be supported in NR, RSRQ needs to be measured on multiple SS blocks to reflect different interference on different frequency location. Therefore, when multiple SS blocks are transmitted in wideband CC, different RRM measurement modes/methods can be defined for different use cases or measurement purposes.
Proposal 7:Different RRM measurement modes/methods can be defined for different use cases or measurement purposes in the case of multiple SS blocks in wideband CC.
Same or different cell ID for multiple SS blocks
For multiple SS blocks transmission within one wideband component carrier,whether the same or different physical cell IDs are carried by those SS blocks are discussed in the last RAN1 meeting. There is no abvious gain identified by using different physical cell ID. On the other hand, for one wideband component carrier, it is natural to use one same PCI among those multiple SS blocks. In addition, multiple SS blocks with the same PCI is beneficial for RRM measurement results averaging for RRM measurement mode using multiple SS blocks as discussed above.

Proposal 8:Same physical cell ID is used among multiple SS blocks in the frequency domain.
3. Conclusions
In this contribution, we discussd the remaining details on multiple SS block transmissions in wideband CC. Based on the discussons,we have following  proposals: 
Proposal 1: Alt.6( Group-Bitmap) is proposed for Indication of actual SS block transmission for above 6GHz case.
Proposal 2: At least for the case of synchronized network, actual SS block transmission of neighboring cells can be indicated to the UE. 
Proposal 3: Actual SS block transmissions of  Scells can be indicated to the UE by the Pcell in CA case.

Proposal 4: It is up to the gNB to determine the number of the SS block number in the wideband CC.
Proposal 5: Multiple SS block are transmitted with specific frequency location association relationship within the wideband CC.  
Proposal 6: The gNB can send some indication information in order to assist the UE to get SS block frequency locations, and such indication information can be the frequency location association relationship of multiple SS blocks, the number of transmitted SS blocks and SS block index in the frequency domain of each SS block.
Proposal 7:Different RRM measurement modes/methods can be defined for different use cases or measurement purposes in the case of multiple SS blocks in wideband CC
Proposal 8:Same physical cell ID is used among multiple SS blocks in the frequency domain.
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