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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In the RAN1 AH_NR meeting, some basic views have been agreed on NR SS Structure and SS block index indication as follows[1]. 
	Agreement:
· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39]A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted

Agreements:
· 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 focus on further design on the structure of SS burst set and indication of SS block index. 
2. [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Structure of SS burst Set
As agreed in the former meetings, the structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for DL initial signal transmission. They are further summarized as follows: 
· SS block: SS block is defined as a time unit which carries PSS, SSS and/or PBCH corresponding to one or a set of beam(s). As discussed in our companion contribution[2][3], multiplexing other signals(such as, beam-related RS, paging, data transmission) are not precluded within a SS block. 
· SS burst: SS burst is composed of one or more consecutive resources for nominal SS block(s) transmission. 
· SS burst set: SS burst set with a fixed periodicity is composed of one or more SS burst. There is one beam duty cycle in one SS burst set. A single set of possible SS block time locations is specified per frequency band.
Base on the understanding of current agreements, the structure of SS burst set with following features can be further considered: 
· a SS burst set comprises fixed number (N) of nominal SS bursts, the nominal SS burst location is fixed (e.g. per 5ms) 
· a SS burst comprises fixed number (L) of consecutive nominal SS blocks, the maximal SS burst duration is fixed 
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]a SS burst set comprises fixed number (N*L) of nominal SS blocks
· the actual number of transmitted SS bursts and the actual number of transmitted SS blocks in one SS burst are configurable, and depending on the number of analog beams and the number of repetition of each beam direction. The transmitted SS blocks in an SS burst do not have to be consecutive.
· [bookmark: OLE_LINK16][bookmark: OLE_LINK19]the actual number of transmitted SS blocks in different SS burst can be different


Figure 1: Example of SS burst set structure
As shown in figure 1, nominal SS bursts with a certain period are located at some predefined locations. Accordingly, the number of nominal SS bursts in one SS burst set is fixed. With fixed maximal duration of nominal SS burst, fixed number of nominal SS blocks can be found in each nominal SS burst. Naturally, there are fixed number of nominal SS blocks in one SS burst set. The SS blocks actually transmitted by gNB are a subset of nominal SS blocks.
The nominal SS blocks are indexed according to such fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted. As discussed in our companion contribution [2], SS bursts with discontinuous structure shown in bottom part of figure 1 could be introduced to maintain the flexibility of data transmission before or after the SS burst. In the case that a nominal SS block is occupied by another transmission e.g. downlink control or uplink control, the index of the SS block will still be reserved and not moved the next actually transmitted SS block.. 
Pros: 
· Unified structure: all the locations of nominal SS blocks are predefined and indexed. 
· Less signalling overhead for timing information: each nominal SS block has an index. Then UE obtains timing information when it knows SS block index. 
· Flexibility: by configurable actual transmission of subsets of SS blocks.
· Easy to implement SFN transmission from multi-TRPs and potential combination detection across SS burst sets.
Cons: the maximum number of beams supported in one SS burst set is fixed, which is not very flexible.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]From the above analysis, it seems to be a reasonable option, which means the periodicity and structure of SS burst set should be predefined for a given band. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK51][bookmark: OLE_LINK7]Proposal 1: For a given frequency band, periodicity and structure of SS burst set is predefined as follows:
· an SS burst set comprises a fixed number (N) of nominal SS bursts, the nominal SS burst location within the SS burst set is fixed (e.g. per 5ms) 
· an SS burst comprises a fixed number (L) of consecutive nominal SS blocks and the maximum SS burst duration is fixed 
· an SS burst set comprises a fixed number (N*L) of nominal SS blocks
· the actual number of SS bursts and the actual number of SS blocks in one SS burst are configurable
· the actual number of SS blocks in different SS burst can be different
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]the actual SS blocks transmitted by gNB are a subset of nominal SS blocks
3. [bookmark: OLE_LINK50]Indication of SS block index
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]As discussed above, an SS burst set comprises a fixed number (N*L) of nominal SS blocks, and the nominal SS blocks are indexed in the SS burst set according to such fixed number regardless of whether tje SS blocks are actually transmitted. So the relative position between a nominal SS block and the boundary of sub-frame/half-frame/frame can be uniquely indicated by the time index of a nominal SS block. Figure 2 gives a typical configuration of time domain relationship and an example of SS block time index. Where Tpbch-u is update period of PBCH content. 


Figure 2: Example of SS block time index
Proposal 2: The nominal SS blocks are indexed in the SS burst set according to fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted.
There are four possible mechanisms to indicate the SS block index: 
· Implicit indication by PBCH
· Explicit indication by PBCH
· Indication by an additional SS, if such an additional SS is introduced
· Indication by NR-SS
For the mechanism of explicit indication by PBCH, possibility of combination repetition of PBCH across different SS blocks will be excluded due to different content in PBCH of different SS blocks. However, the gain of combining PBCH in different SS blocks should be further studied. 
For the mechanism of implicit indication by PBCH, processing complexity and overhead of UE will become larger due to more CRC/scrambling code check in PBCH when considering combination reception of PBCH across different SS blocks. 
And for the mechanism of indication by NR-PSS and/or NR-SSS, capacity problem may become a main limitation for carrying both cell ID and SS block index in NR-PSS and NR-SSS. For example, if the maximum number of SS block indices will be in the order of <64 (e.g 50), an extra 8 bits would have to be indicated through NR-PSS and/or NR-SSS. At the same time, the number of NR cell IDs should be at least similar to that in LTE. Then, the capacity of NR-PSS and NR-SSS would have to be expanded to eight times compared to LTE PSS and LTE SSS. 
Based on the discussion above, an indication by an additional SS seems to be a reasonable mechanism. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Moreover, x LSB bits of SFN can also be indicated implicitly by one or more indices of SS block, SS burst and SS burst set. As an example shown in figure 2, x LSB bits of SFN are indicated by combining different SS block indices indicated by SS sequence and different SS burst set implied by CRC/scrambling code of PBCH.
Proposal 3: NR should support to indicate the SS block index by an additional SS.
Proposal 4: x LSB bits of SFN can also be indicated implicitly by one or more index(s) of SS block, SS burst and SS burst set.

4. Conclusions
The following proposals and observation were discussed above:
Proposal 1: For a given frequency band, periodicity and structure of SS burst set is predefined as follows:
· the nominal SS burst location is fixed (e.g. per 5ms), a SS burst set comprises fixed number(N) of nominal SS bursts
· the maximal SS burst duration is fixed, a SS burst comprises fixed number(L) of consecutive nominal SS blocks
· a SS burst set comprises fixed number (N*L) of nominal SS blocks
· the actual number of SS bursts and the actual number of SS blocks in one SS burst are configurable
· the actual number of SS blocks in different SS burst can be different
· the actual SS blocks transmitted by gNB are a subset of nominal SS blocks
Proposal 2: The nominal SS blocks are indexed in the SS burst set according to fixed number of nominal SS blocks regardless of whether SS blocks are actually transmitted.
Proposal 3: NR should support to indicate the SS block index by an additional SS.
Proposal 4: x LSB bits of SFN can also be indicated implicitly by one or more index(s) of SS block, SS burst and SS burst set.
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