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1. Introduction
RAN1 introduced the concepts of SS burst set, SS burst, and SS block in RAN1#86bis to support initial access with beamforming [5]. Since at least NR-SSS and possibly DMRS of PBCH would be used for mobility measurement, it is important to have a clear understanding of the SS burst set and SS block composition, in particular, the time positions of SS block in an SS burst set, the mappings of SS, PBCH in an SS block, etc. Besides, the composition would also have a significant impact on the measurement gap design.  
In this paper, we try to clarify understandings of SS burst set and SS block compositions based on RAN1’s agreements, and then provide an analysis on the measurement gap design.         
2. Discussion
2.1 General concepts of SS burst set, SS burst, and SS block 
Regarding the concepts of SS burst set, SS burst, and SS block, the following agreements were made in RAN1#86bis [5]: 
	Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are contiguous
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
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Figure 2.1-1 SS burst set, SS burst, and SS block. 
Figure 2.1-1 is an example of the above agreements, where the SS burst set is composed of several SS bursts, and each SS burst consists of several SS blocks. Based on the initial discussion, whether the SS blocks in the burst set are contiguous is FFS. It needs to be mentioned that the concept of SS burst, i.e., the number of SS blocks in an SS burst, or the periodicity, etc. was not further discussed in later RAN1 meetings. So in the following, we only consider SS burst set and SS blocks. 
     
2.2 SS block symbol level and slot level mapping 
2.2.1 OFDM symbol level mapping
RAN1 made the following agreements on SS block mappings in a slot in RAN1#89 [3]. 
	Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two contiguous slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two contiguous slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation


[image: ]
Figure 2.2-1 Example of SS block mapping on the symbol level.
Based on the agreements, the possible mappings of SS blocks in a 14 symbol slot is shown in Figure 2.1-2. As can be seen, the two SS blocks in the same slot can be contiguous (case 1), or they can be separated by 1 or 2 OFDM symbols (case 2, 3, 4). So unless RAN1 downselect the SS block time positions to case 1, it is reasonable to assume that the SS blocks within a slot could also be non-contiguous. Moreover, since for a 14 symbol slot, 1 or 2 symbols are preserved for DL control at the beginning of the slot, and 2 symbols are preserved for guard period and uplink control in the end, at least SS blocks in different slots are non-contiguous. To summarize,
Observation 1: On the symbol level, SS blocks in different slots are non-contiguous, and SS blocks in the same slot could be contiguous or non-contiguous. 
2.2.2 Slot level mapping 
RAN1 made the following agreements on SS burst set duration and maximum number of SS blocks in a burst set:
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· 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
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
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Figure 2.2-2 Example of SS block mapping on the slot level. 
Figure 2.2-2 is an example of SS block mapping on the slot level. It is assumed that the frequency range is below 3 GHz, hence, the maximum number of SS blocks in the SS burst set is 4. The subcarrier spacing is 15 kHz, and the number of OFDM symbols in one slot is 14. In case 1, the 4 SS blocks are placed in the first 2 slots, hence, they are contiguous on the slot level. In case 2, the first two SS blocks are separated by 1 slot with the latter two SS blocks, hence, they are non-contiguous on the slot level. Since RAN1 has not decided the mapping pattern, it is better to take both cases into account in RAN4 studies at the current stage. If the mapping is not fixed, UEs need to blindly detect the SS block positions.  
Observation 2: On the slot level, SS blocks could be contiguous or non-contiguous. If the mapping of SS blocks in the 5 ms window is not fixed, blind detection of SS block positions is needed.   
2.3 Measurement gap
[image: ]
Figure 2.3-1 SS burst set periodicity and measurement gap. 
Based on the agreements, we can further discuss about the design of measurement gaps. In LTE, the measurement gap duration is 6 ms, and there are two measurement gap repetition periods: 40 ms and 80 ms. Since there is a synchronization signal every 5 ms in LTE frame structure, then in each measurement gap, at least one synchronization signal could be detected. In NR, the burst set periodicity could be as long as 160 ms, and the measurement gap duration cannot be set to be equal to the burst set periodicity, since with 5 ms SS burst set duration, a majority of the time would be wasted.      
In fact, when the SS block position and SS burst set periodicity are available to the UE, the position of the measurement gap can be configured to be the same with the position of the SS block, as shown by Figure 2.3-1. The measurement gap duration can be slightly larger than 5 ms window considering RF chain retuning time, for instance, 6 ms, and the measurement gap repetition time can be the same or as integer multiples of the burst set periodicity, or when more frequent measurements are needed, the gap repetition time can be less than the burst set periodicity. 
When the SS block position and SS burst set periodicity are not available to the UE, the measurement gap duration could still be 6 ms, but the measurement gap repetition time and the position of measurement gap in each measurement repetition should be carefully designed.       
Observation 3: The availability of SS block position and/or SS burst set periodicity has a significant impact on the design of measurement gaps.         
3. Conclusions
In this contribution, we discussed about the mappings of SS blocks and the impacts on detection of SS blocks based on RAN1’s agreements on SS burst set and SS block composition. Moreover, we provided an analysis on the design of measurement gaps. The following observations were made: 
Observation 1: On the symbol level, SS blocks in different slots are non-contiguous, and SS blocks in the same slot could be contiguous or non-contiguous. 
Observation 2: On the slot level, SS blocks could be contiguous or non-contiguous. If the mapping of SS blocks in the 5 ms window is not fixed, blind detection of SS block positions is needed.   
Observation 3: The availability of SS block position and/or SS burst set periodicity has a significant impact on the design of measurement gaps.         
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