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1 Introduction
During RAN1#88 meeting, following were agreed regarding new RAT (NR) synchronization signal (SS) block transmission in terms of SS block composition, SS burst set composition, and SS burst set periodicity [1]: 
Agreements:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS is supported
Working assumption:
· In both single beam and multi-beam scenario, time division multiplexing of PSS, SSS and PBCH is supported
· RAN1 will consider initial access latency, and overhead of SS and PBCH in the minimum system bandwidth
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 
· 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)

Agreements:
· At least, Normal CP is supported for NR-PSS/SSS
Agreements:
· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity

· For carrier frequency range category #A : TBD among 10, 20 ms

· E.g. range for #A (0 ~ 6 GHz)

· For carrier frequency range category #B : TBD among 10, 20 ms

· E.g. range for #B (6 GHz ~ 60 GHz )

· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.

· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges

· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity

· RAN1 will definitely down select the values from 10, 20 ms in the next meeting
In this document, we discuss how to transmit one or more SS blocks within an SS burst set period, considering support of flexible TDD operation, signalling overheads required for indicating an SS block time index and locations of actual transmitted SS blocks, and required time for transmitting the maximum allowed SS blocks. 
2 Location of SS blocks and indication
Two different approaches to locate SS blocks within a default SS burst set period can be considered:

SS block transmission mode 1:
UE assumes that a gNB transmits one or more SS blocks within an SS block transmission window, wherein the SS block transmission window size in terms of the number of slots may be set to be the same as the maximum allowed number of SS blocks within an SS burst set in a given frequency range. If at most one SS block can be transmitted per slot within the SS block transmission window, and if the NE transmits the one or more SS blocks in consecutive slots starting from the first slot of the SS block transmission window, then UE can identify which slots in the SS block transmission window carry SS blocks by receiving an indication on the number of SS blocks per SS burst set. This indication can be transmitted in a system information block (SIB). In addition, the gNB can change the number of SS blocks per SS burst set semi-statically. The mode 1 is suitable to accommodate dynamic TDD operation, since at most one SS block is transmitted per slot and the rest of the region in the slot can be dynamically used for DL/UL data and/or control transmission. 

Limiting possible SS block locations within the slot would further reduce signaling overhead required for indicating symbol-level timing information (i.e. slot timing). Figure 1 (a) illustrates two allowed SS block locations in the slot. gNB may transmit the SS block on the last few symbols of the slot, for example, to accommodate long RACH preamble transmissions across the slot boundary. UEs performing UL transmissions can properly end uplink transmission before DL SS block transmission, based on a RACH configuration and/or an UL scheduling grant message. 
Finally, if SS blocks are transmitted in the DL control region, the network may have to configure a larger DL control region for slots corresponding to SS block transmission window, to avoid potential control channel resource deficiency and control channel blocking issue.  
SS block transmission mode 2:

gNB may complete SS block transmissions quickly by transmitting a set of consecutive SS blocks (i.e. SS burst) with no gap (or possible some small gap) between consecutive SS blocks. Figure 1 (b) illustrates SS burst transmission consisting of 8 SS blocks in 2 slot duration. Table 1 provides examples of SS block subcarrier spacing and corresponding SS block transmission time for mode 1 and mode 2, respectively. The mode 2 can save network and UE power consumption because of shorter total transmission time. Thus, mode 2 can be used for a dormant cell which wakes up periodically, transmits SS blocks, and goes back to sleep if there is no access request. In addition, mode 2 can be applicable to an FDD cell with low system load and/or an FDD cell whose DL system bandwidth is much wider than SS bandwidth. 

Table 1 Examples of SS block subcarrier spacing and SS block transmission time for different SS transmission modes

	Subcarrier spacing for SS block
	15 KHz
	30 KHz
	120 KHz
	240 KHz

	Number of slots per radio frame (10 ms)
	10
	20
	80
	160

	The max. number of SS blocks 
	8
	16
	128
	128

	SS block transmission time 
(mode 1) 
	8 slots, 8ms
	16 slots, 8ms
	128 slots, 16ms
	128 slots, 8ms

	SS block transmission time 
(mode 2) 
	2 slots, 2ms
	4 slots, 2ms
	32 slots, 4ms
	32 slots, 2ms
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Figure 1 Examples of SS block locations within a slot or within 2 slots
Proposal 1: Consider defining an SS block transmission window consisting of one or more consecutive slots within a default SS burst set period, and transmitting SS blocks in consecutive slots.
Proposal 2: Support two SS block transmission modes, where one is suitable for dynamic TDD operation and the other is suitable for power-save mode operation. 
3 Indication of SS block timing information

From the above agreement on the NR PBCH payload size, transmitting NR PBCH in every SS block may not be efficient in terms of resource utilization. Instead, tertiary synchronization channel (TSCH) which can provide slot timing and frame timing information with very small payload size can be transmitted in each SS block.     
In the examples shown in Figure 2 and Figure 3, an idle mode UE assumes that a default SS burst set periodicity is 20ms and maximum 16 SS blocks can be transmitted within a SS burst set. In SS block transmission mode 1, an SS block transmission window is configured for the first 16 slots of the SS burst set period. A PBCH of 80ms TTI is transmitted in a slot every 10ms (e.g., different redundancy versions (RV) of channel coded MIB in different slots). UE can first determine a radio frame index within 80ms PBCH TTI by decoding TSCH of a detected SS block. An example of 10 bit TSCH payload (excluding CRC) can be defined as follows:

· A SS burst set (periodicity of 20ms) index within 80ms PBCH TTI (2 bits)

· A SS block transmission mode indicator (1 bit)

· Depending on SS block transmission modes, UE interprets 7 bits as follows:

· Mode 1: An SS block index and equivalently a slot index within the SS burst set (7 bits)

· Mode 2: an SS block index within an SS burst (3 bits), an SS burst index within the SS burst set (4 bits)

With one additional bit, the NE can indicate one of two allowed starting symbols for an SS block within a slot. The above signalling can support up to 128 SS blocks per SS burst set. 
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Figure 2 Example of SS block transmission mode 1: one SS block per slot
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Figure 3 Example of SS block transmission mode 2: 8 consecutive SS blocks per 2 slots
Proposal 3:  Consider defining a broadcast channel, e.g. tertiary synchronization channel (TSCH), which can provide slot timing and frame timing information with very small payload size in each SS block.
4 Summary

In summary, we propose the followings for NR SS block transmission:

Proposal 1: Consider defining an SS block transmission window consisting of one or more consecutive slots within a default SS burst set period, and transmitting SS blocks in consecutive slots.
Proposal 2: Support two SS block transmission modes, where one is suitable for dynamic TDD operation and the other is suitable for power-save mode operation. 
Proposal 3:  Consider defining a broadcast channel, e.g. tertiary synchronization channel (TSCH), which can provide slot timing and frame timing information with very small payload size in each SS block.
5 References
[1] “RAN1 Chairman’s Notes”, RAN1 #88, Athens, Greece, February 2017.
Agreements:


RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.


This simply provides guidance for potential minimum and maximum value.
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(a) Two potential SS block locations in a slot for SS block transmission mode 1 
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