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1. Introduction
In RAN1 #88 meeting, the following agreements were made regarding the SS burst set composition:
Agreements:

· For set of possible SS block time locations, further evaluation till next meeting by considering at least the following:

· Whether or not a SS block comprises of consecutive symbols and whether or not SS&PBCH in the same or different slots

· Number of symbols per SS block

· Whether or not to map across slot boundary(ies)

· Whether or not to skip symbol(s) within a slot or a slot set

· Contents of an SS block (note: the contents of an SS block may be further discussed during this meeting)

· How SS blocks are arranged within a burst set, & the # of SS blocks per burst/burst set

Agreements:
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent

· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

· FFS: L for additional frequency range category
· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks

· FFS whether this information is available only in CONNECTED mode or in both modes

· FFS how to signal the position(s)

The number of SS blocks and the SS transmission mechanisms should take into account of the antenna configurations and resource overhead. In this contribution, the sub-panel transmission mechanism for BSs with multiple panels is discussed and analyzed.
2. Analysis on sub-panel SS transmission mechanism
From the evaluation assumptions discussed in NR, there are multi-panel antenna models for both BS and UE. For NR SS transmission, these multi-panels can be used either jointly or independently for beamforming. In this contribution, we mainly discuss and analyze different multi-panel transmission mechanism for NR SS.
Throughout the contribution, we consider the BS with four panels, and the transmission power of each panel is P.
One natural mechanism for SS transmission is to use all the four panels to jointly form an analog beam for a SS block. Due to the hybrid beamforming framework, analog beamforming cannot be switched as flexible as the digital domain beamforming. That is to say, for NR SS transmission, if these multi-panels are used to jointly form transmission beams, the same analog beam should be used in the whole transmission bandwidth in the same symbol/time unit. This may result in large resource overhead, due to the fact that there are not enough UEs in the same direction as the direction of the corresponding SS block in the same symbol, i.e., the resources out of minimum system bandwidth cannot be used for PDSCH transmission efficiently. This is referred to as the joint-panel mechanism in the following. 
On the other hand, another mechanism is to use only a subset of the four panels to form a beam for the SS block transmission, i.e., a subset of these panels are used for SS transmission within the minimum bandwidth, the rest panels can be used for other transmissions, which may include CSI-RS, PDSCH, etc. In this case, it is more flexible for the BS to schedule UEs that are in different directions from the direction of the corresponding SS block in the same symbol. This is referred to as the sub-panel mechanism in the following. 
In the following, we compare the number of SS blocks required for the joint-panel mechanism (Mechanism A) and the sub-panel mechanism (Mechanism B), and the corresponding overall resource utilization.
Assume that for a panel transmitting with power P and bandwidth B, the transmission power density is P/B, the beamforming gain is normalized to 1 and the formed beam width is W.
· Mechanism A-1 (Baseline): Four-panel joint SS transmission on minimum system bandwidth, where the four panels forms the same analog beam
· The transmission power density is 4P/B
· Beamforming gain is 4

· Beam width is W/4
· Number of SS blocks required for the whole cell coverage: 32 SS blocks
· Mechanism A-2: Four-panel joint SS transmission on minimum system bandwidth, where the four panels forms different analog beams
· The transmission power density is P/B

· Beamforming gain is 1
· Beam width is W*4
· Number of SS blocks required for the whole cell coverage: 2 SS blocks each with 16 repetitions 
· Mechanism A-3: Four-panel joint SS transmission on half of the minimum system bandwidth, where the four panels form the same analog beams. 
· The transmission power density is 8P/B, where the 
· Beamforming gain is 4
· Beam width is W/4
· Number of SS blocks required for the whole cell coverage: 32 SS blocks (32 blocks are needed to maintain the same angular coverage as Mechanism A-3, however the actual coverage is twice as A-1 due to the higher power density) 

· Note that in this case, the smaller SS transmission bandwidth indicates that the SS sequence length is smaller than Mechanism A-1 and A-2
· Mechanism A-4: Four-panel joint SS transmission on bandwidth smaller than minimum system bandwidth, where the four panels form different analog beams
· The transmission power density is 2P/B, where the 

· Beamforming gain is 1
· Beam width is W*4
· Number of SS blocks required for the whole cell coverage: 2 SS blocks each with 8 repetitions
· Note that in this case, the smaller SS transmission bandwikdth indicates that the SS sequence length is smaller than Mechanism A-1 and A-2
· Mechanism B-1: Two-panel SS transmission on minimum system bandwidth, where the two panels form the same analog beams
· The transmission power density is 2P/B

· Beamforming gain is 2
· Beam width is W/2
· Number of SS blocks required for the whole cell coverage: 16 SS blocks each with 4 repetitions
· Mechanism B-2: Two-panel SS transmission on minimum system bandwidth, where the two panels form different analog beams
· The transmission power density is P/B

· Beamforming gain is 1
· Beam width is W*2
· Number of SS blocks required for the whole cell coverage: 4 SS blocks each with 16 repetitions

· Mechanism B-3: Two-panel SS transmission on bandwidth smaller than minimum system bandwidth,  where the two panels form the same analog beams 
· The transmission power density is 4P/B

· Beamforming gain is 2

· Beam width is W/2

· Number of SS blocks required for the whole cell coverage: 16 SS blocks each with 2 repetitions

· Mechanism B-4: Two-panel SS transmission on bandwidth smaller than minimum system bandwidth, where the two panels form different analog beams
· The transmission power density is 2P/B

· Beamforming gain is 1
· Beam width is W*2
· Number of SS blocks required for the whole cell coverage: 4 SS blocks each with 8 repetitions

In Table I and Table II, we summarize the number of SS blocks needed for the whole cell coverage and the resulting resource utilization
Table I Summary of required SS blocks for Mechanism A
	Joint-panel transmission
	A-1
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	Resource utilized within minimum system bandwidth
	32 SS blocks
	32 SS block
	32 SS block (Double coverage)
	16 SS blocks

	Bandwidth Utilization
	Whole system bandwidth Bsys

	Actual resource utilization within whole bandwidth ( Number of SS blocks * Bandwidth )
	32 Bsys
	32 Bsys
	32 Bsys
	16 Bsys

	Note
	Baseline
	
	Shorter SS sequence
	Shorter SS sequence


Table II Summary of required SS blocks for Mechanism B
	Sub-panel transmission
	[image: image5.png]4P/B

=

Beam Width:
Wi2





	[image: image6.png]P/B

-

Beam Width:
W*2





	[image: image7.png]8P/B

Beam Width:
Wi2





	[image: image8.png]2P/B 2

Beam Width:
W*2






	Resource utilized within minimum system bandwidth
	64 SS blocks
	64 SS blocks
	32 SS blocks
	32 SS blocks

	Bandwidth Utilization
	Minimum bandwidth Bmin

	Actual resource utilization within whole bandwidth
	64 Bmin
	64 Bmin
	32 Bmin
	32 Bmin

	Note
	
	
	Shorter SS sequence
	Shorter SS sequence


Considering that in higher frequency, the minimum system bandwidth will be determined to be either 40MHz or 80MHz, while the system bandwidth is 400MHz as discussed in RAN1, it can be easily obtained that the actual resource utilization of mechanism B is much smaller than that of mechanism A. 
For example for Mechanism A-1 and Mechanism B-1 as illustrated in Fig.1, the resource utilization ratio is (32 Bsys/64 Bmin) = 2.5 when the minimum system bandwidth is 80MHz. This means that the joint-panel transmission mechanism occupies 2.5 times resource of the sub-panel transmission mechanism, with the cost of shorter SS sequence. The benefit is that with Mechanism B, the gNB is able to form UE-specific beams using the rest panels to flexibly schedule of PDSCH transmission outside minimum system bandwidth.
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Fig. 1 Illustration of joint and sub-panel SS transmission mechanisms
Observation: Sub-panel transmission of SS signals can provide higher resource utilization and scheduling flexibility.
Therefore, it is proposed to consider the sub-panel transmission mechanism of NR SS and other signals.
Proposal: Consider the sub-panel transmission mechanism of NR SS and other signals, use only a subset of the four panels to form a beam for the SS block transmission.
3. Conclusion
In this contribution, the following observation and proposal are made:
Observation: Sub-panel transmission of SS signals can provide higher resource utilization and scheduling flexibility.
Proposal: Consider the sub-panel transmission mechanism of NR SS and other signals, use only a subset of the four panels to form a beam for the SS block transmission.
















































