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Introduction
The RAN1 NR adhoc made the following agreement following agreements on the SS burst set composition:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification
· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.
· The signals included in the SS block are FFS between 
· Alt 1: PSS, SSS and PBCH; and 
· Alt 2: PSS, SSS, TSS and PBCH.
· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.
· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

For the WF on SS-block index indication it was agreed that:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.
· Possible mechanisms to indicate the SS block index includes
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
· Note that this does not preclude other mechanisms
· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
· 

In this contribution we discuss further the SS burst set composition and SS time index indication.
Establishing timing from the SS block
Radio frame timing
As stated in the agreement, after the detection of the SS block the UE should have identified at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block. 
To start with the radio frame timing, RAN1 already agreed that the MIB should contain at least part of the system frame number(SFN). As discussed in [1], an additional broadcast channel, NR-SPBCH is needed to deliver the remaining minimum system information including the information needed for the UE to perform the random access. Hence, the UE has no use of knowing the full SFN until it has received all minimum system information. Then the part of the SFN that needs to be included in the MIB is limited to the possible offset to the NR-SPBCH. The number of bits is then decided by the periodicity of the NR-SPBCH divided by the periodicity of the NR-PBCH as shown in Figure 1where the SS burst periodicity is NR-SPBCH periodicity of  80 ms requiring two bit SFN in NR-PBCH. 
[image: ]
[bookmark: _Ref474191234]Figure 1 Example with SS burst periodicity of 20 ms and NR-SPBCH periodicity of  80 ms requiring two bit SFN in NR-PBCH
For power saving for UEs with long DRX, it is proposed in [2] that the value tag is included in the NR-PBCH so that the UE can check from the NR-PBCH that it has valid system information and access the system without needing to read additional system information from the NR-SPBCH. Depending on RAN2’s decision on the validity of the system information, this could lead to the time drift during very long DRX being large enough to result in the UE decoding the NR-PBCH assuming the wrong SFN. In this case, additional bits of the SFN might be needed in the MIB, but a decision on this can be made once RAN2 has decided on the validity of the system information.
The main part of NR SFN is carried in the NR-SPBCH with only the bits needed to solve any timing ambiguity for the NR-SPBCH carried in the NR-PBCH. 
Symbol and slot timing
With no restriction on the placement of the SS block in time, the time index needs to allow identifying the exact symbol within the radio frame requiring a large signaling space for the index, especially for increased subcarrier spacing. An alternative is to allow only a single SS block per slot, which would leave gaps in the SS burst if the SS block is shorter than the slot which is not good for power saving since the transmission of the SS burst is spread out in time. A middle way is to have keep the decision of L  SS blocks, where SS block are contiguous potentially with gaps for DL and UL control and the pattern is repeated with a given periodicity.
The needed density of the SS block pattern should be decided based on the flexibility needed in the SS block configuration and the overhead as discussed in section 3.1. 
Placement of SS block within the radio frame should be limited to avoid large overhead from signalling the SS block timing
SS time index indication
[bookmark: _Ref474150280]Index definition
The definition of the index will depend on the pattern picked.  Table 1 shows the number of bits needed to signal the symbol timing for the three ways mention in section 
[bookmark: _Ref474150577]Table 1 Number bits needed to signal SS block pattern
	SS block placement pattern
	Subcarrier spacing [kHz]

	
	15
	30
	60
	120
	240

	All symbols possible
	8
	9
	10
	11
	12

	One SS block per slot
	5
	6
	7
	8
	9

	8 SS blocks in SS burst with 5 ms burst periodicity[footnoteRef:2] [2:  Note that the number of SS blocks and periodicity could be a property of the frequency band] 

	4
	4
	4
	4
	4



It is clear from the table that full flexibility in the placement comes with high signalling overhead with no clear advantage. A signalling scheme that limits the possible positions is preferred.
RAN1 decided to down select the signalling between the following alternatives:
· Alt.1: One time index for every SS-block within an SS-burst set 
· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

From a system design perspective, selecting these two alternatives before deciding on the pattern was premature since the selection of the pattern would guide the selecting of the most efficient signalling scheme. However, by defining the pattern on radio frame basis, the SFN would be the burst index which anyway is included in the SS block and only the block index needs to be defined.
Index signalling method
Of the possible mechanisms of indicate the SS block index, we have the following comments:
· Implicit indication by PBCH
This has the advantage of not increasing the overhead from signalling the index, but needs investigation for allowing soft combining of PBCH and the added complexity of the UE testing multiple hypothesis.
· Explicit indication by PBCH
The same advantage as implicit indication when it comes to overhead. It should be noted that even if some bits in the PBCH changes from SS block to SS block, soft combining is still possible with some added UE functionality as shown in [3].
· Indication by an additional SS, if such an additional SS is introduced.
Allows clean soft combining of the PBCH without the need to increase the signalling space of NR-SS. With the SSS used as DMRS for PBCH, coherent demodulation of the SS can be considered if such information is transmitted in a codeword, i.e., message-based SS. 
· [bookmark: _GoBack]Indication by NR-SS
This requires a significant increase in the signalling space of NR-SS which is not preferred. 
Again, by defining the SS block pattern and hence the number of bits  needed in the signalling, the selection of the signalling method would become clearer.
The pattern for SS block placement should be decided before deciding on the indexing scheme and the signalling method for the SS block index
Conclusion
In this contribution we discussed the SS burst set composition and SS time index indication and make the following proposals:
1. The main part of NR SFN is carried in the NR-SPBCH with only the bits needed to solve any timing ambiguity for the NR-SPBCH carried in the NR-PBCH.
1. Placement of SS block within the radio frame should be limited to avoid large overhead from signalling the SS block timing
1. The pattern for SS block placement should be decided before deciding on the indexing scheme and the signalling method for the SS block index
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