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Introduction
In the Chairman’s Notes from RAN1#89 the following was agreed [1]:
	Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarrier 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 subcarrier 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



Discussion
General considerations
[bookmark: _Toc484706953]The proposals in this contribution are based on both some general considerations that are valid for all or most numerologies, and specific considerations for each numerology. In this respect, it is worth pointing out that the frequency ranges, < 3 GHz and > 3 GHz, respectively and numerologies are not matched for the < 6 GHz cases. In particular, the corner case of 15 kHz subcarrier spacing and 8 SS blocks needs to be considered in this aspect.
[bookmark: _Toc484706954][bookmark: _Toc484707047][bookmark: _Toc484707086][bookmark: _Toc484707154][bookmark: _Toc484777659][bookmark: _Toc484777685][bookmark: _Toc484778368][bookmark: _Toc485283122][bookmark: _Toc485283168][bookmark: _Toc485385120][bookmark: _Toc485387925][bookmark: _Toc485391556][bookmark: _Toc485398672]Frequency ranges and numerologies are not matched below 6 GHz.
[bookmark: _Toc484706955]Identification whether an SS block is present or not may easily be done by using either the PSS or the SSS, both of which are known to the UE at that point in the cell search procedure.
[bookmark: _Toc484706958][bookmark: _Toc484707050][bookmark: _Toc484707089][bookmark: _Toc484707157][bookmark: _Toc484777664][bookmark: _Toc484777690][bookmark: _Toc484778373][bookmark: _Toc485283127][bookmark: _Toc485283173][bookmark: _Toc485385124][bookmark: _Toc485387929][bookmark: _Toc485391560][bookmark: _Toc485398673]PSS or SSS may be used to determine whether an SS block is present or not in a flexible SS burst set composition.
[bookmark: _Toc484706959]Consequently, there is no need for a more constrained SS burst composition, e.g., by requiring allocating the earlier SS block positions within a burst prior to allocating the latter ones.
[bookmark: _Toc484706968][bookmark: _Toc484707110][bookmark: _Toc484707170][bookmark: _Toc484777695][bookmark: _Toc484778356][bookmark: _Toc485283178][bookmark: _Toc485385128][bookmark: _Toc485387936][bookmark: _Toc485391571][bookmark: _Toc485398737]The network decides whether a SS block position should be allocated or not.
One risk that is worth considering is the likelihood of a larger PBCH. Although it has been agreed that the PBCH is 2 symbols long, it is conditioned on the content size. Hence, a prudent composition of the SS blocks in a (SS) slot also considers the likelihood of a 3 symbol long PBCH in order to avoid the risk of future setbacks. In the event that the PBCH remains 2 symbols long, the extra symbol may instead be used for other broadcast signals, e.g., RMSI, paging or RAR.
[bookmark: _Toc484706956][bookmark: _Toc484707048][bookmark: _Toc484707087][bookmark: _Toc484707155][bookmark: _Toc484777660][bookmark: _Toc484777686][bookmark: _Toc484778369][bookmark: _Toc485283123][bookmark: _Toc485283169][bookmark: _Toc485385121][bookmark: _Toc485387926][bookmark: _Toc485391557][bookmark: _Toc485398674]A prudent composition of SS blocks in the slot should consider the likelihood of a 3 symbol PBCH.
Another argument for adding a gap in-between SS blocks in the same slot is related to transmitting a URLLC response in case it is agreed that two SS block locations are mapped to a 14 symbol slot. This minimum requirement of low latency functionality is possible at marginal cost if the SS blocks are separated by two symbols in time.
[bookmark: _Toc484777661][bookmark: _Toc484777687][bookmark: _Toc484778370][bookmark: _Toc485283124][bookmark: _Toc485283170][bookmark: _Toc485385122][bookmark: _Toc485387927][bookmark: _Toc485391558][bookmark: _Toc485398675]For cases with two SS blocks in a slot, a two symbol gap in-between the SS blocks would allow for an URLLC response with less than ½ ms latency.
Also related to this is the matter of a PDCCH symbol in a 7 symbol slot, corresponding to the 2nd half of a 14 symbol slot. By having the SS block starting at the 2nd symbol in such a slot (9th symbol in a 14 symbol slot), a one symbol PDCCH would be possible. Additionally, the same SS block positions would be possible for both 7 and 14 symbol slots.
[bookmark: _Toc484777662][bookmark: _Toc484777688][bookmark: _Toc484778371][bookmark: _Toc485283125][bookmark: _Toc485283171][bookmark: _Toc485385123][bookmark: _Toc485387928][bookmark: _Toc485391559][bookmark: _Toc485398676][bookmark: _GoBack]Having a 2nd SS block in a 14 symbol slot starting at the 9th symbol would allow for coherent SS block positioning between 7 and 14 symbol slots.
[bookmark: _Toc484706960][bookmark: _Toc484706969][bookmark: _Toc484707111][bookmark: _Toc484707171][bookmark: _Toc484777696][bookmark: _Toc484778357][bookmark: _Toc485283179][bookmark: _Toc485385129][bookmark: _Toc485387937][bookmark: _Toc485391572]In order to address the above considerations, and the agreed similar constraints for lower numerologies, for compositions containing two SS blocks per slot, that composition should be SS blocks starting on the 3rd and 9th symbols, see Figure 1.
[image: ]
[bookmark: _Ref485398554]Figure 1: Proposed composition for a case with two SS blocks per slot, for 15, 30 and 120 kHz.
[bookmark: _Toc485398738]For compositions with two SS blocks per a slot, for 15, 30 and 120 kHz, the SS blocks start at the 3rd and 9th symbols.
15 kHz subcarrier spacing
Lower numerology networks operating on lower frequencies are the networks benefiting the most from low power operation. Hence, it is of high importance that these networks may operate as efficiently as possible, implying short SS burst periods. At the same time, to simplify low latency applications, more than two symbols are likely preferable. In Figure 2 presents the preferred SS burst set composition for 15 kHz, and for below 3 GHz (upper sequence) and between 3 and 6 GHz (lower sequence). For the below 3 GHz case, a composition of one SS block per slot is proposed, starting at the 3rd symbol. The loss in power efficiency for this composition is acceptable, considering that a lighter sleep is still possible even for shorter durations. The benefit is significantly more flexibility, in particular in low latency applications. Unfortunately, this composition is only possible to achieve for the below 3 GHz case to keep the whole SS burst within a 5 ms duration, why the 3 to 6 GHz case an SS block is also placed at the 9th symbol.


[bookmark: _Ref485392660]Figure 2: SS burst set proposal for 15 kHz subcarrier spacing.
[bookmark: _Toc485398739]For 15 kHz subcarrier spacing and below 3 GHz carrier frequency, an SS block may be initiated at the 3rd symbol in a 14 symbol slot. SS blocks are transmitted in consecutive slots.
[bookmark: _Toc485398740]For 15 kHz subcarrier spacing and between 3 and 6 GHz carrier frequency, an SS block may be initiated at the 3rd and 9th symbols per 14 symbol slot.  
30 kHz subcarrier spacing
For the 30 kHz case, symbol lengths are halved compared to the 15 kHz case, why it is possible to fit twice the number of slots in the same time. For this reason, it is proposed two SS blocks in a slot, with SS blocks transmitted every 2nd slot, see Figure 3. Due to the halved symbol lengths, power efficiency is less of an issue with the whole SS burst finishing in 1.5 ms for the below 3 GHz case and 3.5 ms in the 3 to 6 GHz case. For both cases, it will be possible to achieve a latency of ½ ms in the physical layer.


[bookmark: _Ref485395404]Figure 3: SS burst set proposal for 30 kHz subcarrier spacing.
[bookmark: _Toc485398741]For 30 kHz subcarrier spacing, an SS block may be initiated at the 3rd and 9th symbols in a 14 symbol slot. SS blocks are transmitted in every 2nd slot.
120 kHz subcarrier spacing
For the higher numerologies, 64 is defined as the maximum number of SS blocks within the burst set. For this case and the 240 kHz case, adding extra timing indication bits to benefit flexibility will be too costly. 
[bookmark: _Toc484706963][bookmark: _Toc484707053][bookmark: _Toc484707091][bookmark: _Toc484707159][bookmark: _Toc484777666][bookmark: _Toc484777692][bookmark: _Toc484778375][bookmark: _Toc485283129][bookmark: _Toc485283175][bookmark: _Toc485385125][bookmark: _Toc485387930][bookmark: _Toc485391561][bookmark: _Toc485398677]Adding flexibility by increasing the SS block timing indication space for 120 and 240 kHz is unfeasible.
Hence, it is important to define an SS burst set composition that takes into account different requirements. In this respect, although 120 kHz subcarrier spacing results in a significantly shorter symbol period, transmitting 64 blocks in 32 consecutive slots implies 4 ms during which little else may be transmitted. This problem is particularly pronounced for the analog beamforming case where the same beam is used throughout the whole network bandwidth. Hence, the SS blocks should be distributed over 5 ms such that gaps are introduced, allowing for other traffic during the 5 ms during which SS blocks are transmitted. In order to consider a minimum latency of ½ ms, a suitable SS burst composition is 8 SS blocks (comprised in 4 SS slots) that are then followed by an empty slot during which arbitrary DL/UL traffic may take place, see Figure 4.
[bookmark: _Toc484706964][bookmark: _Toc484707054][bookmark: _Toc484707092][bookmark: _Toc484707160][bookmark: _Toc484777667][bookmark: _Toc484777693][bookmark: _Toc484778376][bookmark: _Toc485283130][bookmark: _Toc485283176][bookmark: _Toc485385126][bookmark: _Toc485387931][bookmark: _Toc485391562][bookmark: _Toc485398678]There is a need for limited DL/UL data transmission within a 5 ms SS burst. 
[bookmark: _Toc484777668]Power wise, the cost for such gaps is negligible, or 5% over the 20 ms SS burst set period.


[bookmark: _Ref484705482]Figure 4: Proposed SS burst and burst set composition for 120 kHz.
[bookmark: _Toc484706972][bookmark: _Toc484707113][bookmark: _Toc484707173][bookmark: _Toc484777698][bookmark: _Toc484778359][bookmark: _Toc485283182][bookmark: _Toc485385132][bookmark: _Toc485387940][bookmark: _Toc485391575][bookmark: _Toc485398742]For 120 kHz, an SS burst is composed by up to 8 SS blocks.
[bookmark: _Toc484706973][bookmark: _Toc484707114][bookmark: _Toc484707174][bookmark: _Toc484777699][bookmark: _Toc484778360][bookmark: _Toc485283183][bookmark: _Toc485385133][bookmark: _Toc485387941][bookmark: _Toc485391576][bookmark: _Toc485398743]For 120 kHz, the SS burst set is composed by up to 8 SS bursts with 1 DL/UL slot in-between SS bursts.
240 kHz subcarrier spacing
Per the agreements at RAN1#89, 240 kHz subcarrier spacing will have a different format than lower numerologies. Nevertheless, the 3 symbol PBCH risk is equally valid for this numerology, and should be taken into account when designing the 240 kHz SS slot pair, i.e., a slot pair comprising SS blocks. With such a constraint, and the agreed ones at RAN1#89 presented above, only one SS slot pair composition is possible, see Figure 5, i.e., an SS slot pair is composed by SS blocks every 5th symbol, starting at the 5th symbol.


[bookmark: _Ref484777096][bookmark: _Ref484777092]Figure 5: SS slot pair composition for 240 kHz subcarrier spacing.
[bookmark: _Toc484706974][bookmark: _Toc484707115][bookmark: _Toc484707175][bookmark: _Toc484777700][bookmark: _Toc484778361][bookmark: _Toc485283184][bookmark: _Toc485385134][bookmark: _Toc485387942][bookmark: _Toc485391577][bookmark: _Toc485398744]For 240 kHz, an SS slot pair is composed by SS blocks every 5th symbol, starting at the 5th symbol.
Similar to the 120 kHz case, it is desirable to introduce gaps in-between bursts of SS blocks. Again, using ½ ms as a minimum latency requirement, an SS burst would comprise up to 16 SS blocks in 8 slots, followed by a gap of 8 slots to be used for other data, in turn followed by another 16 SS blocks, see Figure 6.



[bookmark: _Ref484777589]Figure 6: SS burst composition for 240 kHz.
[bookmark: _Toc484706975][bookmark: _Toc484707116][bookmark: _Toc484707176][bookmark: _Toc484777701][bookmark: _Toc484778362][bookmark: _Toc485283185][bookmark: _Toc485385135][bookmark: _Toc485387943][bookmark: _Toc485391578][bookmark: _Toc485398745]For 240 kHz, an SS burst is composed by up to 16 SS blocks (4 SS slot pairs).
[bookmark: _Toc484706976][bookmark: _Toc484707117][bookmark: _Toc484707177][bookmark: _Toc484777702][bookmark: _Toc484778363][bookmark: _Toc485283186][bookmark: _Toc485385136][bookmark: _Toc485387944][bookmark: _Toc485391579][bookmark: _Toc485398746]For 240 kHz, the SS burst set is composed by up to 4 SS bursts with 8 DL/UL slots in-between bursts.
Conclusion
In Section 2 we made the following observations:
Observation 1	Frequency ranges and numerologies are not matched below 6 GHz.
Observation 2	PSS or SSS may be used to determine whether an SS block is present or not in a flexible SS burst set composition.
Observation 3	A prudent composition of SS blocks in the slot should consider the likelihood of a 3 symbol PBCH.
Observation 4	For cases with two SS blocks in a slot, a two symbol gap in-between the SS blocks would allow for an URLLC response with less than ½ ms latency.
Observation 5	Having a 2nd SS block in a 14 symbol slot starting at the 9th symbol would allow for coherent SS block positioning between 7 and 14 symbol slots.
Observation 6	Adding flexibility by increasing the SS block timing indication space for 120 and 240 kHz is unfeasible.
Observation 7	There is a need for limited DL/UL data transmission within a 5 ms SS burst.
Observation 8	The cost for DL/UL gaps is marginal in terms of power.

Based on the discussion in Section 2 we propose the following:
Proposal 1	The network decides whether a SS block position should be allocated or not.
Proposal 2	For compositions with two SS blocks per a slot, for 15, 30 and 120 kHz, the SS blocks start at the 3rd and 9th symbols.
Proposal 3	For 15 kHz subcarrier spacing and below 3 GHz carrier frequency, an SS block may be initiated at the 3rd symbol in a 14 symbol slot. SS blocks are transmitted in consecutive slots.
Proposal 4	For 15 kHz subcarrier spacing and between 3 and 6 GHz carrier frequency, an SS block may be initiated at the 3rd and 9th symbols per 14 symbol slot.
Proposal 5	For 30 kHz subcarrier spacing, an SS block may be initiated at the 3rd and 9th symbols in a 14 symbol slot. SS blocks are transmitted in every 2nd slot.
Proposal 6	For 120 kHz, an SS burst is composed by up to 8 SS blocks.
Proposal 7	For 120 kHz, the SS burst set is composed by up to 8 SS bursts with 1 DL/UL slot in-between SS bursts.
Proposal 8	For 240 kHz, an SS slot pair is composed by SS blocks every 5th symbol, starting at the 5th symbol.
Proposal 9	For 240 kHz, an SS burst is composed by up to 16 SS blocks (4 SS slot pairs).
Proposal 10	For 240 kHz, the SS burst set is composed by up to 4 SS bursts with 8 DL/UL slots in-between bursts.

[bookmark: _In-sequence_SDU_delivery]References
1. [bookmark: _Ref476919366][bookmark: _Ref449678105][bookmark: _Ref453835673][bookmark: _Ref174151459][bookmark: _Ref189809556]RAN1, Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #89, May 2017.
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