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1. Introduction
This contribution presents motivations asking for SS block modification and proposals on the SS block modification. Furthermore, we propose a specific design to enable LTE-NR coexistence with the modified SS block.

2. Modified SS block design
2.1 Motivation
RAN4 has been discussing sync raster design for NR, and our detailed sync raster design and analysis were provided in [1]. It was shown that a sparser sync raster is not possible in most bands; resulting in a very large number of sync raster entries. For example, for the proposed bands (n1, n3, n7, n8, n26, n28, n41, n66, n77 with 30kHz sync SCS and 1.5GHz DL band), the total number of sync raster entries is 11400. In principle, the sync raster is upper bounded by the usable channel bandwidth of the minimum channel bandwidth and the SS block bandwidth. The key reasons that the sync raster cannot be sparser are due to the following RAN1/RAN4 agreements:
· RAN1#88bis agreed that the PBCH bandwidth is 24 PRBs [2] (i.e., SS block BW is 4.32MHz for 15kHz SS block and 8.64MHz for 30kHz SS block),
· And later RAN4#82bis agreed that the minimum channel bandwidth is 5MHz for below-6GHz and 50MHz for above-6GHz [3]. 
Per RAN1 agreements, UE assumes 20ms sync periodicity for initial access. Assume UE terminates the search after 4 SS burst sets for each sync raster entry. Then the UE spends about 15 minutes searching only through these proposed bands. Considering that many more bands will be added in the future, we do not believe it will be practical for a UE to search all the sync raster entries. It should be noted that UE is required to perform an initial cell search not only when UE is powered up, but also when UE performs the out of coverage recovery. Furthermore, for above-6GHz, the UE needs to process multiple sub-arrays (e.g., 4), the search latency increases proportionally. As such, even if such a synchronization raster is defined in the specifications, it will not be useful in practice. 
Observation 1: The synchronization raster defined based on the current PBCH BW and minimum channel bandwidth agreements makes it impractical for UEs to search all possible sync raster entries even when UE assumes a single SS numerology in a given band. 
An approach to make the sync raster sparser (e.g., reducing the number of sync raster entries) is to reduce the PBCH BW. As we showed in [1] and summarized in Table 1 with examples in bands n3, n66 and n78. 
Observation 2: The number of sync raster entries with the current PBCH BW of 24 PRBs is 8x-44x the number of sync raster entries with the PBCH BW of 12 PRBs.
[bookmark: _Ref494447939]Table 1: Sync raster improvement examples with PBCH BW of 12 PRBs
	Band
	Min. channel BW (MHz)
	SSB SCS (kHz)
	The number of sync raster entries

	
	
	
	24 RBs PBCH (S1)
	12 RBs PBCH (S2)
	S1/S2

	Band n3
(DL 1805MHz-1880 MHz)
	5
	15
	700
	84
	8.3

	Band n66
(DL 2110MHz-2180 MHz)
	5
	15
	600
	78
	7.7

	
	10
	30
	650
	39
	16.7

	Band n78 
(DL 3.3GHz-3.8 GHz)
	10
	30
	4901
	112
	43.7



In the last meeting, RAN4 sent an LS on NR minimum carrier bandwidth and SS block numerology [4]:
	RAN1 is asked to find a solution how to support the following cases:
1) Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

2) For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

3) RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.



The following proposals were discussed as a solution in response to RAN4 LS:

	Proposals:
· Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands



From Alt. 1 viewpoint, reducing PBCH BW to 12 PRBs not only significantly reduces the number of sync raster entries for UE to search, but also provides a solution to RAN4 LS in the concerned bands. As we discussed previously, without changing PBCH bandwidth, the cell search latency of 15 minutes is impractical. Now with Alt. 2, UE needs to spend up to 30 minutes for the initial cell search. From a UE perspective, the Alt. 2 is definitely not preferred. 
Proposal 1: RAN1 redesigns the SS block by reducing PBCH BW to 12 PRBs so that SS block BW does not exceed 5 MHz for below-6GHz and 50MHz for above-6GHz.
2.2 Modified SS block composition


           
(a) Current SS block                (b) Modified SS block

[bookmark: _Ref494485370]Figure 1: SS block composition
Figure 1 describes the modified SS block composition. More specifically, the SS block consists of 6 symbols:
· PSS/SSS follows the currently adopted PSS/SSS,
· 4 PBCH symbols, each of 12 PRBs (instead of having 2 PBCH symbols, each of 24 PRBs as in the current agreements),
· PBCH DMRS follows the currently adopted PBCH DMRS design.   
With the modified SS block composition, DMRS detection and PBCH BLER performance should be identical to the performance of the current SS block composition. It should be also noted that the current SS block composition has 12 PRBs in PSS/SSS symbols that are not used for the synchronization purposes. When SS block and the data have different numerologies (e.g., SS block numerology is 30kHz while the data numerology is 15kHz), those 12 PRBs cannot be used for data at all.   
Proposal 2: SS block consists of one PSS symbol, one SSS symbol and 4 PBCH symbols. Furthermore, PSS/SSS/PBCH follows the current design agreements, except 
· Each PBCH symbol has 12 PRBs, and
· SS block composition is PSS-PBCH-PBCH-SSS-PBCH-PBCH.    
2.3 Modified SS burst set composition
The modified SS burst set patterns with modified SS blocks for different SS block numerologies are provided in Figure 2. The modified SS burst set vs. the currently agreed SS burst set patterns can be found in Section 6. It should be noted that network has flexibility to turn on/off any SS block within a SS burst set. Furthermore, the number of REs in a SS block is double the number of REs for LTE sync. Hence, only a few SS blocks may be actually transmitted in practice. 
Proposal 3: The SS burst set patterns for different SS block numerologies are:
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(a) 15kHz SS block
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(b) 30kHz SS block
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(c) 120kHz SS block
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(d) 240kHz SS block
[bookmark: _Ref494487591]Figure 2: Modified SS burst set composition
3.   LTE-NR coexistence
In this section, we provide the detailed design for LTE/NR downlink and uplink transmission to enable LTE-NR coexistence under the modified SS block.
3.1 LTE/NR downlink transmission
To support LTE-NR coexistence, in the downlink:
· eNodeB transmits LTE MBSFN SF every 20ms (initial access SS burst set periodicity assumption at UE). Note that per LTE specifications, all UEs are required to support MBSFN SF configuration. 
· gNodeB transmits NR Sync within LTE MBSFN SF duration such that LTE CRS and NR Sync coexist. This is achieved by introducing a LTE-NR slot offset (e.g., by two 15kHz symbols) between LTE and NR downlink radio frames (illustrated in Figure 3a for 15kHz SSB and Figure 4a for 30kHz SSB.)
· For LTE non-MBSFN slots, multiple NR PDSCH DMRS patterns agreed in [5] can coexist with LTE CRS. Some examples on LTE CRS and NR DMRS coexistence are illustrated in Figure 3b (for 15kHz NR slots) and Figure 4b (for 30kHz NR slots). 
· In addition, with LTE-NR slot offset, the NR downlink control symbols do not collide with LTE CRS. Without the LTE-NR slot offset, the current 30kHz SS burst set pattern 1 only allows the first SS block of 30kHz numerology to coexist with LTE CRS. However, gNodeB cannot transmit any NR downlink control symbols at 30kHz symbols 0-3 since these downlink control symbols collide with LTE CRS.    
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(a) LTE CRS and NR sync coexistence in LTE MBSFN SF
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(b) LTE CRS and NR PDSCH DMRS coexistence in non-MBSFN SF
[bookmark: _Ref494493721][bookmark: _Ref494494008]Figure 3: NR-LTE coexistence when NR SSB numerology is 15kHz
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(a) LTE CRS and NR sync coexistence in LTE MBSFN SF
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(b) LTE CRS and NR PDSCH DMRS coexistence in non-MBSFN SF

[bookmark: _Ref494493724][bookmark: _Ref494494011]Figure 4: NR-LTE coexistence when NR SSB numerology is 30kHz
3.2 LTE/NR uplink transmission
To support LTE-NR coexistence, in the uplink
· No LTE-NR slot offset is necessary for the uplink NR and LTE radio frames as being done in the downlink transmission.
· The timing advance for NR uplink transmission depends on LTE time advance and LTE-NR slot offset. In particular, NR time advance = LTE time advance + LTE/NR slot offset. 
The transmission timeline for LTE and NR when the NR numerology is 15kHz is illustrated in Figure 5.
[image: ]
[bookmark: _Ref494494481]Figure 5: LTE/NR uplink transmission
4. Conclusion 
This contribution has presented the SS block modification to address the NR sync raster issues and provide a solution to RAN4 LS [4]. In particular, the following observations and proposals have been made:

Observation 1: The synchronization raster defined based on the current PBCH BW and minimum channel bandwidth agreements makes it impractical for UEs to search all possible sync raster entries even when UE assumes a single SS numerology in a given band. 
Observation 2: The number of sync raster entries with the current PBCH BW of 24 PRBs is 8x-44x the number of sync raster entries with the PBCH BW of 12 PRBs.

Proposal 1: RAN1 redesigns the SS block by reducing PBCH BW to 12 PRBs so that SS block BW does not exceed 5 MHz for below-6GHz and 50MHz for above-6GHz.

Proposal 2: SS block consists of one PSS symbol, one SSS symbol and 4 PBCH symbols. Furthermore, PSS/SSS/PBCH follows the current design agreements, except 
· Each PBCH symbol has 12 PRBs, and
· SS block composition is PSS-PBCH-PBCH-SSS-PBCH-PBCH.    
Proposal 3: The SS burst set patterns for different SS block numerologies are:
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(a) 15kHz SS block
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(b) 30kHz SS block
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(c) 120kHz SS block
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(d) 240kHz SS block
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6. [bookmark: _Ref494723489]Current SS burst set vs. modified SS burst set
The modified SS burst set patterns vs. the currently agreed SS burst set patterns:
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Current 15kHz SS burst set pattern
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Proposed 15kHz SS burst set pattern
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Current 30kHz SS burst set patterns 
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Proposed 30kHz SS burst set pattern
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Current 120kHz SS burst set pattern
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Proposed 120kHz SS burst set pattern
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Current 240kHz SS burst set pattern
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