
3GPP TSG RAN WG1 NR Ad-Hoc#2                                     R1-1709885
Qingdao, P.R. China 27th – 30th June 2017

Source:      	ZTE
Title:         	The composition of SS burst sets
[bookmark: Source]Agenda Item:  	5.1.1.1.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]As agreed in the previous RAN1 meetings, the structure of ‘SS block’, ‘SS burst’ and ‘SS burst set’ should be introduced for DL initial signal transmission. In RAN1 #89, the possible SS block time locations mapping to slot(s) for different subcarrier spacing and the maximum number of SS-blocks within SS burst set had been further discussed. And several agreements were reached as the follows [1]. 
	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 
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35]At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]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
· [bookmark: OLE_LINK25][bookmark: OLE_LINK28]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
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK26][bookmark: OLE_LINK27]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:
· [bookmark: OLE_LINK14]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



[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In this contribution, we further consider the composition of SS burst sets. More specifically, it contains mapping of SS blocks to slot(s) under given subcarrier spacing and the composition of SS burst sets by considering different subcarrier spacing and number of SS blocks. 
2. Mapping of SS blocks to slot(s)
For the mapping of SS blocks to slot(s), we need to consider which OFDM symbols are available to transmit SS Block within a slot. The following features can be identified: 
· two possible SS block time locations are mapped to one slot of 14 symbols
· N symbols are preserved for DL control at the beginning of the slot of 14 symbols
· [bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK24]M symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· N, M is FFS
· SS block does not cross boundary of 0.5ms for avoiding blind detection of time domain relative position between initial access signal and channel
In the mapping with 15 kHz subcarrier spacing, SS block does not cross the middle of the slot of 14 symbols. So several possible mapping locations configuration can be found in Figure 1. Note that alt1 and alt2 are not supported by 120 kHz and 240 kHz SCS. 


Figure 1: Possible SS block mapping locations within a slot of 15 kHz subcarrier spacing
For Alt 1, 2, 3, 4, 6, there will be a one to three symbol(s) gap located between the two SS blocks. The gap can only be configured for DL mini-slot or DL data transmission. For some small bandwidth carrier case, more symbols may be needed for DL control or UL control transmission. As the symbol(s) between two SS blocks cannot be used for control transmission, the flexibility for configuration of the number of control symbols will be limited. Furthermore, for large coverage scenario, it will be beneficial to preserve more symbols at the end of the slot as more symbols may be needed for guard period. 
Preserving as many consecutive symbols as possible before and after the two SS blocks will give more flexibility for the configuration of the control symbols. So alt 5 seems to be a reasonable mapping structure, in which two continuous possible SS block time locations are mapped in the middle of the slot of 14 symbols. That is to say, three symbols at the beginning of the slot of 14 symbols and three symbols at the end of the slot of 14 symbols are preserved for potential DL control or guard period and UL control respectively. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Some symbols preserved for potential DL/UL control may not be actually used by control as no feedback and/or scheduling is needed. In this case, such symbols can also be configured for mini-slots transmission. 
Observation 1: Preserving as many consecutive symbols as possible before and after the two SS blocks will give more flexibility for the configuration of the control symbols.
In the SS block mapping with 30 kHz and 120 kHz subcarrier spacing, the same mapping structure as 15 kHz case should be considered from the concept of uniform design as no special requirement are found. 
By assuming that 240 kHz subcarrier spacing is not available for data/control [2][3], there will be no requirement of feedback or scheduling at the beginning and end of 240kHz slot with 14 symbols. Two consecutive slots can be considered for SS block mapping jointly. Several symbols at begining of these two consecutive slots can be preserved for potential DL control with other subcarrier spacing(e.g. 120 kHz). As a similar concept, several symbols at end of these two consecutive slots can be preserved for potential GP and UL control with other subcarrier spacing(e.g. 120 kHz). 
As shown in figure 2, there are four continuous possible SS block time locations are mapped in the middle of two consecutive slots of 14 symbols. That is to say, six symbols at the beginning of the slot of 14 symbols and three symbols at the end of two consecutive slots with 240 kHz are preserved for potential DL control or guard period and UL control respectively.


Figure 2: Possible SS block mapping locations within two slots of 240 kHz subcarrier spacing

Proposal 1: NR should support the following possible SS block time locations mapping to slot(s): 
· For 15 kHz, 30 kHz and 120 kHz subcarrier spacing 
· Three symbols at the beginning of the slot are preserved for potential DL control 
· Three symbols at the end of the slot are preserved for potential guard period and UL control 
· Two continuous possible SS block time locations are mapped in the middle of the slot
· Note: slot is defined by 15 kHz, 30 kHz and 120 kHz subcarrier spacing with 14 symbols respectively
· For 240 kHz subcarrier spacing 
· Six symbols at the beginning of two consecutive slots are preserved for potential DL control
· Six symbols at the end of two consecutive slots are preserved for potential guard period and UL control
· Four continuous possible SS block time locations are mapped in the middle of two consecutive slots
· [bookmark: OLE_LINK15]Note: slot is defined by 240 kHz subcarrier spacing with 14 symbols
3. The composition of SS burst set
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]As agreed in RAN1 #89 meeting, there will be different maximum number of SS-blocks within SS burst set (L=4, 8, 64) for different frequency ranges (up to 3 GHz, from 3 GHz to 6 GHz, from 6 GHz to 52.6 GHz)[1]. And as an agreement in RAN1 #88 meeting, association between a frequency band and single set of default parameters (SCS, sequence length, NR-SS transmission bandwidth) will be defined in RAN4 [4]. 
For giving specific mapping pattern within SS burst set for different frequency ranges, some assumption can be made on association between a frequency band and SCS used for NR-SS before a clear conclusion is provided by RAN4. As shown in our companion contribution [5], evaluation on the NR-SS detection performance using different SCSs for 2 GHz, 4 GHz and 30 GHz carrier frequency had been made, and our preference of SCS selection for different frequency bands were provided as follows: 
· using SCS = 15 kHz for below 2 GHz
· using SCS = 30 kHz for around 4 GHz
· using SCS = 120 or 240 kHz for around 30 GHz
The following assumption on relationship among maximum number of SS-blocks within SS burst set (L), SCS for different frequency ranges are made: 
· For frequency range up to 3 GHz, L is 4, using SCS = 15 kHz
· For frequency range from 3 GHz to 6 GHz, L is 8, using SCS = 30 kHz
· For frequency range from 6 GHz to 52.6 GHz, L is 64, using SCS = 120 or 240 kHz
As shown in figure 3-6, specific SS blocks mapping patterns within SS burst set for different frequency ranges are given under the above assumption. Note that 20 ms SS burst set periodicity is only an example, the SS blocks mapping patterns within 5 ms window will remain the same regardless of SS burst set periodicity. 


Figure 3: SS blocks mapping within SS burst set for frequency range up to 3 GHz and 15 kHz SCS


Figure 4: SS blocks mapping within SS burst set for frequency range from 3 GHz to 6 GHz and 30 kHz SCS


Figure 5: SS blocks mapping within SS burst set for frequency range from 6 GHz to 52.6 GHz and 120 kHz SCS

Figure 6: SS blocks mapping within SS burst set for frequency range from 6 GHz to 52.6 GHz and 240 kHz SCS
Proposal 2: NR should support the following possible SS block time locations mapping patterns within SS burst set:
The first X slots of every SS burst set are adopted for SS blocks mapping, 
· For frequency range up to 3 GHz and 15 kHz SS subcarrier spacing, X=2
· For frequency range from 3 GHz to 6 GHz and 30 kHz SS subcarrier spacing, X=4
· For frequency range from 6 GHz to 52.6 GHz and 120 kHz SS subcarrier spacing, X=32
· For frequency range from 6 GHz to 52.6 GHz and 240 kHz SS subcarrier spacing, X=32
Note that slot is defined by corresponding SS subcarrier spacing with 14 symbols respectively.
The SS blocks actually transmitted by gNB are a subset of the possible SS block time locations. The location(s) of actual transmitted SS blocks can be configured semi-statically, e.g. by RMSI.
The SS blocks are indexed according to the possible SS block time locations regardless of whether SS blocks are actually transmitted, i.e. if some SS blocks are not transmitted, then the left SS blocks should be keep its original index information i.e. without reshuffle the index information.
Proposal 3: The index of a transmitted SS block does not change if other SS blocks in the SS burst set are not transmitted. 

4. Conclusions
The following was proposed above:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: Preserving as many consecutive symbols as possible before and after the two SS blocks will give more flexibility for the configuration of the control symbols. 
Proposal 1: NR should support the following possible SS block time locations mapping to slot(s): 
· For 15 kHz, 30 kHz and 120 kHz subcarrier spacing 
· Three symbols at the beginning of the slot are preserved for potential DL control 
· Three symbols at the end of the slot are preserved for potential guard period and UL control 
· Two continuous possible SS block time locations are mapped in the middle of the slot
· Note: slot is defined by 15 kHz, 30 kHz and 120 kHz subcarrier spacing with 14 symbols respectively
· For 240 kHz subcarrier spacing 
· Six symbols at the beginning of two consecutive slots are preserved for potential DL control
· Six symbols at the end of two consecutive slots are preserved for potential guard period and UL control
· Four continuous possible SS block time locations are mapped in the middle of two consecutive slots
· Note: slot is defined by 240 kHz subcarrier spacing with 14 symbols
Proposal 2: NR should support the following possible SS block time locations mapping patterns within SS burst set:
The first X slots of every SS burst set are adopted for SS blocks mapping, 
· For frequency range up to 3 GHz and 15 kHz SS subcarrier spacing, X=2
· For frequency range from 3 GHz to 6 GHz and 30 kHz SS subcarrier spacing, X=4
· For frequency range from 6 GHz to 52.6 GHz and 120 kHz SS subcarrier spacing, X=32
· For frequency range from 6 GHz to 52.6 GHz and 240 kHz SS subcarrier spacing, X=32
Note that slot is defined by corresponding SS subcarrier spacing with 14 symbols respectively.
Proposal 3: The index of a transmitted SS block does not change if other SS blocks in the SS burst set are not transmitted.
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