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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK7][bookmark: OLE_LINK8]During RAN1#88 the issue on how to indicate position(s) of actual transmitted SS-blocks was raised for further study [1]. And in RAN1#89, the number of possible candidate SS block locations was defined as following agreement [2]: 
	Agreements:
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)
Agreements:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Within this 5 ms window, number of possible candidate SS block locations is L
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· [bookmark: OLE_LINK10][bookmark: OLE_LINK23]For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64


In this contribution, we focus on how to select actual transmitted SS blocks from possible candidate SS blocks, and indicate such position(s) of actual transmitted SS-blocks. 
2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK50]Indication of actual transmitted SS block positions
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK1][bookmark: OLE_LINK2]As shown in above agreements, the maximum number of possible candidate SS block positions within SS burst set L had been defined. And each possible candidate SS block positions had also been pointed out by SCS specific SS block mapping pattern(s). Further, a part of possible candidate SS block positions will be selected by the gNB for actual transmission. During cell search, the information on the position(s) of the actual transmitted SS blocks may not be very useful. However, after cell detection both IDLE and CONNECTED mode UEs need to monitor the cell-level quantity of the detected cells. This involves measuring the SS block level quantity on all SS blocks to derive the cell-level quantity. Given that the maximum number of SS blocks for some frequencies is quite high, e.g. up to 64, the total amount of SS blocks-level quantities that have to be measured for the monitored cells can be high. However, in many cases cells transmit significantly fewer SS blocks than the maximum number. Hence, by providing this information to both IDLE and CONNECTED UEs, they can significantly reduce their measurement effort.
The following factors can be considered for selecting and indicating SS block position(s) actual transmitted from possible candidate SS block positions: 
1. [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Requirement of actual transmitted SS blocks number
In order to support the expected deployment scenario, a certain number of SS blocks are needed to be actually transmitted within one SS burst set. This number may be different for different antenna configuration and expected coverage ranges.
2. Potential resource reserved for URLLC-like service
[bookmark: OLE_LINK9]Some sudden services may arrive momentarily even during SS block transmission window. In the current SS burst set composition of 120 kHz and 240 kHz, the above issue can be mitigate by configuring one 120 kHz normal data slot between each two SS block groups with length of four 120 kHz slots[3]. Under the condition of high probability of URLLC-like services, additional resources may be needed. Especially for the case that only a part of the possible candidate SS block positions are needed to be actually transmitted, reserving some possible candidate SS block positions at intervals for URLLC-like service transmission rather than puncture SS blocks expected to transmit will be a reasonable option. 
3. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Potential requirement of NR-PBCH combining across SS burst set
In LTE system, combining of PBCH transmissions within 40ms PBCH TTI is supported. Similarly, combining of NR-PBCH across SS burst set within 80ms NR-PBCH TTI is also agreed to be supported for improving receiving performance. For this, the same actual transmitted SS block positions should be kept at least within each 80ms NR-PBCH TTI respectively.
4. A reasonable signaling overhead
For actual transmitted SS block positions indicating, excess signaling overhead should be avoided.
There are mainly four potential methods for actual transmitted SS block positions indication:
· Option 1: bitmap
A direct way of informing positions of the actual transmitted SS blocks is to use a bitmap for each SS block. Full flexibility can be obtained by indicating each SS block status. As the agreement above, the maximum number of SS block indices will be 64 for above 6 GHz, which means 64 bits would be required. This is a large signaling overhead. 


Figure 1 Bitmap for positions of actual transmitted SS blocks 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Option 2: number
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Another way is by informing the number(X) of the actual transmitted SS blocks, and defining the mapping order of each SS block. As shown in figure 2, the actual transmitted SS blocks will be located at the first X of nominal SS blocks with the front to back mapping order. Apparently, the signaling overhead can be reduced, only 6 bits will be needed for the case of 64 SS blocks. On the other hand, more than one continuous slot will be blocked from other service transmission or some expected SS blocks will be punctured. That is to say, flexibility of configuration will be restricted. 


Figure 2 Number of actual transmitted SS blocks 
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]Option 3: combination of bitmap and number
Based on the analysis in the previous paragraph, it is better to reserve some candidate SS blocks resource for URLLC-like service transmission rather than puncture SS blocks expected to transmit especially for the case that less SS blocks are needed. 
Two types of SS block can be defined for above purpose.
· Type 1 SS blocks can be restricted for mapping from front to back. And the number of such SS blocks is enough for indicating whether actual transmitted of such SS blocks. 
· Type 2 SS blocks are selected for potential URLLC-like service transmission, and bitmap seems to be a reasonable scheme to indicate whether the SS block actually transmitted or not. 
As shown in figure 3, one of every four SS blocks has been defined as Type 1 SS block. For the case of 64 SS blocks, the number of Type 1 SS block is 16, and in total 16 bits are needed for indicating transmission status of Type 1 SS blocks. The other SS blocks are classified into Type 2 SS blocks, and 6 bits are needed for such indicating. 
It seems to be a compromise between option 1 and option 2. That is to say, option 1 can be obtained by setting the number of type 1 SS blocks equal to the maximum number of SS blocks. On the contrary, when we set number of type 2 SS blocks equal to the maximum number of SS blocks, option 2 would be adopted. So a balance between signaling overhead and flexibility can be made by selecting a reasonable ratio of number of two types SS blocks. 


Figure 3 Indication of the actual transmitted SS blocks by using a combination of bitmap and number
In Figure 4 we show another method to indicate the positions of actual transmitted SS blocks. The candidate SS blocks are divided into SS block groups, the indication of which SS blocks being transmitted is done as:
· Bitmap is adopted for indicating actual transmitted SS blocks within SS block group. 
· Different SS block groups share the same pattern of actual transmitted SS blocks. 
· Number of SS block groups containing actual transmitted SS blocks is indicated using a number of bits. 
As an example, assume 4 SS blocks in a SS block group and 64 candidate SS blocks in total. Four bits are needed for indicating the actual transmitted SS blocks within a SS block group. Another four bits are introduced for further indicating the number of SS block groups containing the actual transmitted SS blocks. Specifically, four bits for indicating the actual transmitted SS blocks within a SS block group is 1101, which means the first, second and fourth SS blocks in one group are actually transmitted. Another four bits for indicating the number of SS block groups containing the actual transmitted SS blocks is 0111, which means the first seven SS block groups containing the actual transmitted SS blocks. And these seven SS block groups share the same pattern(1101) of the actual transmitted SS blocks within the SS block group.


Figure 4 Indication of the actual transmitted SS blocks by using a combination of bitmap and number, based on grouping SS blocks in a number of SS block groups
· Option 4: pattern
Some patterns of the actual transmitted SS blocks can be predefined, and the pattern index will be configured to the UEs for indicating the actual transmitted SS block positions. In theory, quite a large number of actual transmitted SS blocks patterns needs to be defined for reaching full of flexibility. It is a huge amount of overhead. For the sake of simplification, some typical patterns will be selected and predefined. As shown in figure 5, seven patterns are defined under the case of 8 SS blocks. It's worth noting that only a part of the actual transmitted SS block number has been supported. Some cases, such as 3, 5, 6, 7 actual transmitted SS blocks are not allowed. For some existing number, positions of actual transmitted SS blocks are restricted to a certain extent. A balance between signaling overhead and flexibility may also be considered by defining a reasonable pattern number. 


Figure 5 Example of actual transmitted SS blocks patterns
According to the analysis above, different options may apply to different maximum numbers of possible candidate SS block positions. 
For frequency range up to 6 GHz, L is 4 or 8, bitmap may be a reasonable option due to full flexibility without introducing unacceptable signaling overhead. 
For frequency range from 6 GHz to 52.6 GHz, L is 64, combination of bitmap and number is a more appropriate method. 
Proposal 1: For indicating actual transmitted SS blocks positions, the following methods are proposed:
· For frequency range up to 6 GHz, using bitmap for actual transmitted SS blocks positions indication. 
· For frequency range from 6 GHz to 52.6 GHz, combination of bitmap and number is a more appropriate method. 
For random access, an association between SS blocks and RACH resources in a cell can be configured, in our view in the remaining minimum SI. It is not meaningful to define associations from not transmitted SS blocks to RACH resources. Therefore, it is reasonable to inform UEs of the position(s) of the actually transmitted SS blocks together with the random access configuration, which defines these associations. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 2: The positions of actually transmitted SS blocks can be informed to both IDLE and CONNECTED UEs in the remaining minimum SI.

3. Conclusions
The following was proposed above:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: For indicating actual transmitted SS blocks positions, the following methods are proposed:
· For frequency range up to 6 GHz, using bitmap for actual transmitted SS blocks positions indication. 
· For frequency range from 6 GHz to 52.6 GHz, combination of bitmap and number is a more appropriate method. 
Proposal 2: The positions of actually transmitted SS blocks can be informed to both IDLE and CONNECTED UEs in the remaining minimum SI.
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