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1. [bookmark: _Ref462751722]Introduction
[bookmark: _Ref470449758][bookmark: _Ref462751328]This contribution focuses on optimizing the location of  blocks within a 5ms window, in order to 
1. eliminate blind decodes for soft combining PBCH within a burst-set, for ;
2. reduce blind decodes to  for soft combining PBCH, for ;
even though entire SS block is explicitly carried in the PBCH payload. Burst-set pattern for  forms the basic unit which is tiled to obtain burst-sets for  and .
We have the following guidance from RAN1#89 towards optimizing the location of  blocks within the 5ms window: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 consecutive 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 consecutive 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
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


2. Background
2.1 SS block index and other timing info in NR
Companion contribution [1] describes our design proposal for carrying timing information.  In particular, 6 bits of SS block index are explicitly carried in PBCH payload.  For reference, different logical bitfields of the timing info are given in Figure 1.  Field floor(SFN/8), i.e., , gives timing upto BCH TTI resolution, over which MIB content is guaranteed to be fixed. Next field  given burst-set index within a BCH TTI; since burst-set period can be as short as 5ms, there are 16 burst-sets within a BCH TTI. Last field,  gives SS block index within a burst-set.
[image: ]
[bookmark: _Ref481764198][bookmark: _Ref481764180]Figure 1: Timing information bit fields, assuming 10bit SFN.
As described in companion contribution [1], bits  and  are conveyed in SSS/DMRS, whereas all other timing bits are carried explicitly in PBCH payload.  Bits  and  also determine the scrambling of PBCH, where scrambling is intended for inter-cell interference randomization and implicitly serves to confirm bits  and . 
2.2 [bookmark: _Ref485396352]Soft combining PBCH from different blocks of a burst-set
Let  denote PBCH payload for SS block index , where the block index is explicitly carried in payload (e.g., in 6 LSB bits).  Let  denote bit-difference (xor) between payloads of PBCHs in blocks  and . 
For soft combining PBCH from blocks  and , the UE can hypothesize on bit-difference . This is discussed in detail in [1].  In short, PBCH codewords  and  sent in SS blocks  and , respectively, are a scrambled version of each other:

           
where . 
Within a burst-set,  depends on only  (bit-difference between block indices).
3. SS burst-set composition
Burst-set pattern for  blocks forms our basic unit; this unit is tiled to obtain the burst-set pattern for =8 & . 
3.1 Burst-set composition for 
For , SS blocks start in OFDM symbols ; this is depicited in Figure 2 below. We note that  are marks of an order-4 Golomb ruler.  That is, the distance between each pair of marks (SS blocks) is unique. These 4-choose-2 unique inter-mark distances are 4, 6, 9, 13, 15 and 19 OFDM symbols, as also depicted in the figure.  
[image: ]
[bookmark: _Ref485393480]Figure 2: Burst-set pattern with  SS blocks
Observation 1: For burst-set with  blocks, each pair of blocks has a unique inter-block distance. These 4-choose-2 unique distances are .
Therefore, when UE detects two SS blocks at distance  OFDM symbols apart, it knows exactly which two blocks it is detecting.  Hence, no blind decodes are needed. UE could, e.g., just treat block indices in payload as frozen bits. 
Proposal 1: For burst-set with  SS blocks, the blocks start in OFDM symbols .
3.2 Burst-set composition for 
The above burst-set pattern is tiled to obtain the pattern with  SS blocks.  This is depicted in Figure 3 below.
[image: ]
[bookmark: _Ref485395477]Figure 3: Burst-set pattern with  SS blocks
Now the inter-block distances are not unique anymore. E.g., there are two pairs –  and  – with inter-block distance of  OFDM symbols.  If UE detects two blocks at distance  OFDM symbols apart, UE would not know which pair it is detecting. But, importantly, bit-difference of indices in each pair is the same, namely, .  Therefore, UE can still soft combine the two blocks according to bit-difference , as shown in Section 2.2.  Hence, once again, no blind decodes are needed.  
Further inspection of the burst-set pattern shows that the above property is true for all inter-block distances, not just  OFDM symbols.  For all pairs of blocks that have the same inter-block distance, the bit difference between their indices is also identical. Formally, let  denote the distance (in OFDM symbols) between blocks  and .  Then above burst-set pattern satisfies the property that: 
Observation 2: For any two pairs of blocks  and  such that , we have that  and thus . In words, all blocks pairs with the same inter-block distance have the same bit-difference between their indices (and thus the same bit-difference between their PBCH payloads.)
The unique bit-difference between block indices for each possible value of inter-block distance is shown in Table 2. 

Table 1: Bit-difference between block indices corresponding to inter-block distance
	Distance between blocks (OFDM symbols)

	Bit difference (xor) between block indices


	4
	1     1     1

	6
(highlighted in figure)
	0     1     1

	9
	0     0     1

	13
	1     1     0

	15
	0     1     0

	19
	1     0     1

	22
	1     1     1

	24
	0     1     1

	28
	1     0     0

	32
	0     1     1

	34
	1     1     1

	37
	1     0     1

	41
	0     1     0

	43
	1     1     0

	47
	0     0     1



Even though there are multiple hypotheses for absolute block indices for blocks at distance , there is only one hypothesis on the bit-difference between their indices. Therefore, UE can soft combine the SS blocks without multiple blind decodes, using bit-difference corresponding the time-gap  between the receptions of the blocks.
Proposal 2: Burst-set pattern with  SS blocks is obtained by tiling the burst-set pattern for .
3.3 Burst-set composition for 
Once again, the burst-set for  is obtained by further tiling the burst-set for ; see Figure 2 and Figure 3 for reference.  In this case, for each value of inter-block distance , there are up to five possible values for bit-difference vector , and therefore, UE may need to perform five decodes in the worst-case (to test all possible soft combining hypotheses.)   The number of decodes needed for each possible value of inter-block distance  is shown in below.
[image: ]
Figure 4: Number of blind decodes for combining PBCH from two SS blocks Δ OFDM symbols apart
  
Proposal 3: Burst-set pattern with  SS blocks is obtained by further tiling the burst-set pattern for .
5. 	Conclusion
This contribution focuses on optimizing the location of  blocks within a 5ms window, in order to 
1. eliminate blind decodes for soft combining PBCH within a burst-set, for ;
2. reduce blind decodes to  for soft combining PBCH, for ;
even though entire SS block is explicitly carried in the PBCH payload. Burst-set pattern for  is a Golomb ruler and forms the basic unit; this unit is then tiled to obtain burst-sets for  and .
Proposals: For burst-set with  SS blocks, the blocks start in OFDM symbols . Burst-set pattern with  SS blocks is obtained by further tiling the burst-set pattern for .
Observation 1: For burst-set with  blocks, each pair of blocks has a unique inter-block distance. These 4-choose-2 unique distances are .
Observation 2: In burst-set pattern with  blocks, for any two pairs of blocks  and  such that , we have that  and thus . In words, all blocks pairs with the same inter-block distance have the same bit-difference between their indices (and thus the same bit-difference between their PBCH payloads.)
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