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1 Introduction
During RAN1#88bis 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]: 
Working assumption:
· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block
· FFS: deactivated cell case (if defined)
Agreements:
· Number of symbols per SS block 
· 1 symbol NR-PSS

· 1 symbol NR-SSS
· In a single SS block, the symbols are consecutive.
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]

· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]

· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]

· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded
· The following methods are considered for the indication of which of the nominal SS blocks in SS burst sets that are actually transmitted:

· PBCH
· Remaining minimum system information

· Other SI

· dedicated signaling

· Other methods are not precluded 
· Consider flexibility and signaling overhead.
· Note that nominal SS block is the possible SS block time location
· Note that the number and positions of the nominally transmitted SS blocks in an SS burst set is predefined.
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms
· FFS: how the at least a part of SFN is indicated in PBCH in relation to PBCH TTI
· Send a LS to RAN4 asking confirmation for 5 ~ 80ms, and ask confirmation for support of 160 ms
· List potential issues that companies raised concerns on 160ms into LS.
In this document, we discuss mapping of NR-PSS, NR-SSS and NR-PBCH to an SS block and 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 timing information (in particular, slot timing) and locations of actual transmitted SS blocks, and required time for transmitting the maximum allowed SS blocks. 
2 Location of SS blocks and indication
Assuming that PSS, SSS, and (2-symbol) PBCH for a single SS block are mapped to 4 consecutive symbols, cyclic prefix (CP) lengths of the second, third, and fourth symbols of the SS block should be invariant over different SS blocks to avoid blind detection of CP lengths. Considering that symbol 0 and symbol 7 of 14-symbol slot (when symbol index starts from 0) have slightly longer CP lengths than other symbols in the slot, at most 2 SS blocks can be transmitted per 14-symbol slot. To accommodate different SS burst set periodicities e.g. {5, 10, 20, 40, 80, 160}ms, the SS block transmission window duration, during which all SS blocks of a SS burst set are transmitted, should be smaller than the smallest SS burst set periodicity, that is, less than 5ms. 
Observation 1: Since symbol 0 and symbol 7 of 14-symbol slot (when symbol index starts from 0) have slightly longer CP lengths than other symbols in the slot, at most 2 SS blocks can be transmitted per 14-sybmol slot.
Observation 2: The SS block transmission window duration, during which all SS blocks of a SS burst set are transmitted, should be smaller than the smallest SS burst set periodicity, that is, less than 5ms.
Taking these restrictions into account, two different approaches to locate SS blocks within a SS burst set can be considered:

SS block transmission mode 1:
In this mode, the SS block transmission window size in terms of the number of slots is set to be the same as the maximum allowed number of SS blocks within a SS burst set in a given frequency range, and at most one SS block can be transmitted per slot within the SS block transmission window. If the gNB transmits 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) carrying the remaining minimum system information. 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 a slot would further reduce signaling overhead required for indicating symbol-level timing information (i.e. slot timing). In order to support flexible configuration of the UL region in a slot carrying a SS block, it is desirable to transmit the SS block in the beginning of the slot, potentially within the DL control region. If the SS block is located outside the semi-statically configured DL control region (e.g. the SS block being transmitted on OFDM symbol indices 3-6), unused control resources (e.g., fewer DL control channels needed in a given slot) could be wasted if they cannot be  used for PDSCH. Furthermore, it would make it difficult to allocate more symbols for UL communication.

Figure 1 illustrates mapping of a SS block in the DL control region, wherein the SS block is transmitted within one or more control resource sets (CORESETs) of the DL control region. As long as the CORESETs including the SS block are not common CORESETs which carry common PDCCHs, UEs monitoring the CORESETs within which the SS block is transmitted have already identified all the SS block locations (i.e. slots carrying SS blocks) and can properly exclude resource elements corresponding to the SS block from control resource elements for blind decoding of PDCCH. gNB may configure more number of OFDM symbols for the CORESETs including the SS block to avoid potential control channel resource deficiency and control channel blocking issue.  
Proposal 1: NR transmits an indication on the number of SS blocks per SS burst set in a SIB carrying the remaining minimum system information.
Proposal 2: Consider transmitting one SS block per slot overlapping the DL control region for resource-efficient dynamic TDD operation.
SS block transmission mode 2:

In this mode, gNB completes SS block transmissions quickly by transmitting all the SS blocks of a SS burst set consecutively without gaps among SS blocks. With consecutive SS block transmissions, CP lengths of all symbols within a SS block should be invariant across SS blocks. Thus, a short gap for data and control transmissions may be required for SS burst set transmission. Table 1 provides SS block subcarrier spacing and corresponding SS block transmission window duration for mode 1 and mode 2, respectively. If the SS burst set periodicity is set to be large, e.g. 40ms, 80ms, or 160ms, the short DL/UL communication gap of 1.1ms in the transmission mode 2 may not significantly impact on the system throughput performance. On the other hand, the mode 2 can save network and UE power consumption because of shorter total transmission time. Thus, the 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, the mode 2 can be applicable to an FDD cell with low system load and/or without serving ultra-low latency traffics.   
Table 1 SS block subcarrier spacing and SS block transmission time for the two SS transmission modes

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

	Slot duration
	1 ms
	0.5 ms
	0.125 ms
	0.0625 ms

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

	The max. number of SS blocks 
	4
	8
	32
	64

	SS block transmission window duration (mode 1) 
	4 slots, 4 ms
	8 slots, 4 ms
	32 slots, 4 ms
	64 slots, 4 ms

	SS block transmission window duration (mode 2) 
	1.1 ms < 1.5 slots
	1.1 ms < 2.5 slots
	1.1 ms < 9.5 slots
	1.1 ms < 18.5 slots
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Figure 1 SS block mapping within one or more CORESETs in SS block transmission mode 1
Proposal 3: NR supports two SS block transmission modes, wherein one mode is suitable for dynamic TDD operation and the other mode is suitable for network power-save mode operation. 

3 Summary

In summary, we have the following observations and proposals for NR SS block transmission:

· Observation 1: Since symbol 0 and symbol 7 of 14-symbol slot (when symbol index starts from 0) have slightly longer CP lengths than other symbols in the slot, at most 2 SS blocks can be transmitted per 14-sybmol slot.
· Observation 2: The SS block transmission window duration, during which all SS blocks of a SS burst set are transmitted, should be smaller than the smallest SS burst set periodicity, that is, less than 5ms.
· Proposal 1: NR transmits an indication on the number of SS blocks per SS burst set in a SIB carrying the remaining minimum system information.
· Proposal 2: Consider transmitting one SS block per slot overlapping the DL control region for resource-efficient dynamic TDD operation.
· Proposal 3: NR supports two SS block transmission modes, wherein one mode (only one SS block near the beginning of the slot) is suitable for dynamic TDD operation and the other mode (near consecutive SS block transmissions) is suitable for network power-save mode operation. 
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