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1 Introduction
During past RAN1 meetings [1]−[5], RAN1 agreed to specify a single set of possible synchronization signal (SS) block time locations per frequency band, in order to support multi-beam based network operation. Further, in the RAN1 NR Ad-Hoc#2 meeting [5], sets of possible SS block time locations were defined for different subcarrier spacing (SCS), taking into account various new RAT (NR) operation scenarios, such as low-latency TDD operation in a 7-symbol slot, coexistence with other configured numerologies, or coexistence with LTE. Some of relevant agreements regarding SS burst set composition are provided below:
Agreements from RAN1 NR Ad-Hoc1 [1]:
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
Agreements from RAN1 #88 [2]:
· 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 from RAN1 #88bis [3]:
· 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.
Agreements from RAN1 #89 [4]:
· 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
Agreements from RAN1 NR Ad-Hoc2 [5]:
· For 15 kHz subcarrier spacing case,

· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols 2-5

· Second candidate location is at symbols 8-11
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern  is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows

· First candidate location is at symbols  2-5

· Second candidate location is at symbols 8-11
· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band
· Working assumption on pages 9, 10 (120, 240 kHz subcarrier spacing cases) in R1-1711899
· Working assumption can be revisited if there are serious implications to UE AGC operation. 
· For 15k Hz, 30 kHz, 120 kHz, and 240KHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
· Note: For NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset
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In this contribution, we discuss methods to transmit SS blocks within predefined possible SS block time locations and to indicate actual transmitted SS blocks.
2 SS block transmission within predefined possible SS block time locations
If gNB periodically transmits a smaller number SS blocks in a SS burst set than a maximum number of SS blocks specified per frequency band, there may be multiple ways to transmit the SS blocks within an over-provisioned set of SS block time locations. In order to define allowed transmission patterns for the SS burst set with the smaller number of SS blocks, following aspects can be considered:

· Signalling overhead to indicate actually transmitted SS blocks

· If each location of all the possible SS block time locations can be flexibly selected (or not selected), signalling overhead for indication would increase significantly. For example, bitmap based indication, where each bit of the bitmap corresponds to a possible SS block time location, requires the number of bits equal to the maximum number of SS blocks within a SS burst set. 

· TDD operation

· Either 2 SS block locations within a SS slot (for 15 KHz, 30 KHz, and 120 KHz SCS) or 4 SS block locations within a SS slot-pair of two contiguous SS slots (for 240 KHz SCS) are defined in the adopted sets of possible SS block time locations. ‘SS slot’ refers to a slot with possible SS block time locations for 14-symbol slot configuration.
· It may be beneficial to configure the entire SS slot duration as downlink (DL) or uplink (UL) communication, in order to reduce overhead for DL-to-UL switching guard time, unless latency-sensitive traffics need to be served. Thus, fully occupying or fully emptying 2 (or 4) SS block time locations within a SS slot (or a SS slot-pair) needs to be supported.
· For latency-sensitive UL and DL traffics, it may be desired to transmit only one SS block in a SS slot and to use the remaining symbols of the SS slot for uplink communication. For 240 KHz SCS, 1~3 SS blocks can be transmitted in a DL region of a SS slot-pair and the remaining symbols of the SS slot-pair can be used for UL. Considering that a DL control region is defined from the beginning of a slot, transmitting SS blocks on consecutive possible SS block time locations within the SS slot (for 15/30/120 KHz SCS) or within the SS slot-pair (for 240 KHz SCS) starting from the first possible time location can reduce DL-to-UL and/or UL-to-DL switching frequencies and associated guard time overhead.  
Proposal 1: Both fully occupying and fully emptying possible SS block time locations within a SS slot (or a SS slot-pair) need to be supported. 
Proposal 2: For partial use of SS block time locations within a SS slot (or a SS slot-pair), SS block time locations within the SS slot (the SS slot-pair) should be occupied sequentially starting from the first one.
3 Indication on actually transmitted SS blocks
One simple way to indicate actual transmitted SS blocks with low signalling overhead but still satisfying the above requirements (proposals 1 and 2) is that gNB signals the number of actually transmitted SS blocks per SS burst set and sequentially occupies possible SS block time locations within the SS burst set starting from the first location [6]. This scheme allows gNB to configure UE with a shorter duration measurement window by packing SS blocks more densely in time domain (e.g. less than 4ms if 5 SS blocks are actually transmitted with 15KHz SCS). The required number of bits for indication is 2, 3, or 6 bits for the maximum number of SS blocks per SS burst set, L, of 4, 8, and 64, respectively.   
If more flexible SS block transmission patterns need to be supported, SS slot-level (for 15/30/120 KHz SCS) or SS slot-pair-level (for 240 KHz SCS) indication on the number of transmitted SS blocks can be adopted. This requires sequential SS block transmission on the possible SS block time locations within a SS slot or a SS slot-pair, but SS block transmissions are not restricted to contiguous time locations within the SS burst set. That is, there may be one or more unoccupied SS block time locations between two consecutively transmitted SS blocks within the SS burst set, as shown in Figure 1 (b) and (c). Figure 1 provides allowed SS block transmission patterns for the case that the max. number of SS blocks per SS burst set is four (i.e. L=4).
Assuming that at least one SS block is transmitted per SS burst set on the first time location and that each SS slot/SS slot-pair has M (i.e. M=2 or 4) possible time locations, the first SS slot has M possible patterns and each of the remaining SS slots or SS slot-pairs has (M+1) possible patterns including the case of zero SS block transmission in the corresponding SS slot or SS slot-pair. Thus, the total number of possible SS block transmission patterns is given by
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To represent the above possible patterns with binary bits, following options can be considered:

1. Option 1: Binary bits for indication consist of 
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a. Binary bits for indication: 
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b. By receiving upon the binary bits for indication, UE can derive the number of actually transmitted SS blocks in a SS slot (or SS slot-pair) 
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:
i. The first SS slot (or SS slot-pair): 
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ii. The remaining SS slots (or SS slot-pairs): 
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2. Option 2: Binary bits for indication consist of 
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bits of which may represent the number of transmitted SS blocks in a SS slot (or SS slot-pair), and length-
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bitmap, each bit of which corresponds to a certain SS slot (or SS slot-pair) except for the first SS slot (or SS slot-pair) and bit ‘0’ indicates whether there is no SS block in the SS slot (or SS slot-pair).
a. Binary bits for indication: 
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b. By receiving upon the binary bits for indication, UE can derive the number of actually transmitted SS blocks in a SS slot (or SS slot-pair) 
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:
i. The first SS slot (or SS slot-pair):  
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ii. The remaining SS slots (or SS slot-pairs): 
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3. Option 3: Binary bits for indication consist of length-
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bitmap, each of which corresponds to a certain SS slot (or SS slot-pair) except for the first one and indicates whether there is no SS block in the SS slot (or SS slot-pair), and 
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a. Binary bits for indication: 
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b. By receiving upon the binary bits for indication, UE can derive the number of actually transmitted SS blocks in a SS slot (or SS slot-pair) 
[image: image37.wmf]i

, 
[image: image38.wmf]i

c

:
i. The first SS slot (or SS slot-pair):  
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ii. The remaining SS slots (or SS slot-pairs): 
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Table 1 provides comparison of a number of required bits for different indication methods described above. For signaling overhead perspective, option 1 and option 3 may be good candidates. Option 1 can achieve up to 42% signaling overhead reduction compared to SS block-level bitmap signaling, and option 3 can achieve up to 73% reduction. Option 1 can maintain low or moderate signaling overhead irrespective of the number of actual transmitted SS blocks per SS burst set. Meanwhile it may require slightly higher computational complexity for UE to derive the number of actually transmitted SS blocks in each SS slot (or SS slot-pair) compared to option 2 and option 3. Overhead of option 3 varies, depending on the number of transmitted SS blocks per SS burst set and the number of non-empty SS slots (or SS slot-pairs), i.e. SS slots (or SS slot-pairs) with at least one SS block transmission. Option 2 can also reduce signaling overhead considerably, if the ratio of the max. number of SS blocks per SS burst set, L, to the max. number of SS blocks per SS slot (or SS slot-pair), M, is properly selected.   
Proposal 3: Adopt either SS burst set-level or SS slot-level/SS slot-pair-level indication on the number of transmitted SS blocks. 
Table 1 Comparison of a number of required bits for different indication methods
	Indication method & determination of bit length 
	L
	M
	Number of SS block transmission patterns supported
	Number of bits required
	Overhead reduction compared to SS block-level bitmap

	Method 1:
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	2
	6
	3
	25%

	
	8
	2
	54
	6
	25%

	
	64
	2
	1.2353x1015
	51
	20%

	
	64
	4
	1.2207x1011
	37
	42%

	Method 2:
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	Method 3:
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	25% or 50%

	
	8
	2
	54
	4~7
	13%~50 %

	
	64
	2
	1.2353x1015
	32~63
	2%~50%

	
	64
	4
	1.2207x1011
	17~47
	27%~73%


Indication on actually transmitted SS blocks can be signalled semi-statically. Since UE may assume that a given SS block is repeated with a SS burst set periodicity, gNB should not change a SS block transmission pattern dynamically but may maintain the same pattern for long time or update the pattern semi-statically. Considering that the number of indication bits is quite large for L=64, it is not suitable to include the indication bits in PBCH. Instead, including the indication in RMSI can be considered. If a PDCCH scheduling a PDSCH carrying remaining minimum system information (RMSI) and the corresponding PDSCH carrying RMSI are transmitted in a way not overlapping with any SS block transmission, UE can receive RMSI without the knowledge for actually transmitted SS blocks. After receiving RMSI, UE can properly perform rate-matching around transmitted SS blocks. Thus, gNB can flexibly transmit PDCCHs and PDSCHs related to other SI and user plane data.  
Proposal 4: The indication on actually transmitted SS blocks is included in the RMSI.
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Figure 1 Examples of allowed SS block transmission patterns for L=4
4 Conclusion
In summary, we propose the followings for SS block transmission patterns within possible time locations and indication on actually transmitted SS blocks in NR:

· Proposal 1: Both fully occupying and fully emptying possible SS block time locations within a SS slot (or a SS slot-pair) need to be supported. 

· Proposal 2: For partial use of SS block time locations within a SS slot (or a SS slot-pair), SS block time locations within the SS slot (the SS slot-pair) should be occupied sequentially starting from the first one.

· Proposal 3: Adopt either SS burst set-level or SS slot-level/SS slot-pair-level indication on the number of transmitted SS blocks. 

· Proposal 4: The indication on actually transmitted SS blocks is included in the RMSI.
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