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1. Introduction

For NR initial access, RAN1 has achieved much progress on synchronization signal (NR-SS) design in terms of various aspects (e.g. SS structure, SS sequence, transmission bandwidth and numerology) in last RAN1 meetings [1]. In this contribution, we discuss about SS time index indication and frame boundary acquisition in NR, and finally provide our view and proposals on the discussion for NR-SS. 
2. Discussion
2.1. NR-SS time index indication 
For information related to timing and frame structure in LTE, it is determined by the detection of synchronization signals using information on relative position between PSS and SSS, and 2-M sequence mapping of SSS in subframe 0 and 5. That is, LTE UEs can obtain all of timing information like symbol/slot/frame boundary, time index like symbol/slot/subframe/radio frame, and even CP type/duplex mode during initial cell access. However, in NR, it is not clear yet on how a NR-UE acquires the timing information and time indices for NR frame structure because the multiple SS block/SS burst allocation at least for multi-beam transmission will result in some timing ambiguity problems during initial cell access. Thus, it shall be discussed how to indicate above timing related information to UEs in a cell needs to be clarified in NR. Following agreements are related to the discussion in last RAN1 meetings.
	Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE

· FFS: single-beam case
· FFS: whether SS-block is transmitted by single-beam or multi-beams
Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.
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Figure 1: SS block/burst/burst set in NR
As shown in agreements above, a NR-UE needs at least to identify a SS block index in NR. If physical layer structures on SS block/burst/burst set are predefined (e.g. one SS block consists of either 2,3 or 4 OFDM symbols, how many SS blocks are allocated within a slot, what slot indices in a radio frame are used for SS block transmissions, what OFDM symbol indices are used for the SS blocks within a slot and etc.), the OFDM symbol and slot index can be automatically derived by a NR-UE, when the NR-UE obtains the SS block index. In addition, if the NR-UE assumes that a slot structure including SS blocks is also predetermined at least for initial cell access, the information of a radio frame boundary can be also derived by the NR-UE based on the knowledge of timing relation between detected NR-SS and a radio frame boundary as discussed in next section. Furthermore, the beam resource index if considered may be also linked to each of SS block as the beam resource (or pattern) could be different across SS blocks when multiple beam operation is performed. Thus, information of the SS block index on top of the predefined knowledge of the slot structure is very useful to derive the timing index, timing information and correct beam information, and to perform efficient UL beam forming transmission in later stage e.g. random access procedure. According to above RAN1 agreement in last meeting, there can be several options to indicate the SS block index as followings:
Alt 1. By using NR-TSS (New NR-SS)
One way to send this information is to introduce new synchronization signal e.g. NR-TSS as in [2]

 REF _Ref471748449 \r \h 
[3]. The NR-TSS is necessary to efficiently deliver the SS block index by reusing legacy LTE synchronization design, so that it shall not significantly impact detection performance, complexity, resource overhead at a UE side. Either ZC sequence or M-sequence can be considered for NR-TSS by reusing either LTE PSS or SSS design as much as possible. Depending on how many the SS block per either a SS burst or a SS burst set are considered, the sequence type/length for NR-TSS can be determined. For Alt 1, one of advantage is that there are no impacts of detection performance for NR-SS in terms of reliability that means the reliability of PCID detection would at least not be affected. However, there may be somewhat higher resource overhead than using NR-SSS (Alt 2). So, it needs to be further compared with Alt 2. 
Alt 2. By using NR-SSS
Another way is to rely on NR-SSS. It is strongly recommended NR-SSS detection performance is not degraded and is maintained with reasonable complexity, when a SS block index on top of PCID has to be additionally signaled. If increased pool of NR-SSS sequences instead of 168 is considered for that, SSS detection complexity and reliability would be impacted, and at least for keeping same reliability of NR-SSS detection, it may be required that longer NR-SSS than the case where only PCID are delivered by NR-SSS is designed for initial cell access in NR. 
In addition, it can be considered that while the number of candidates for detection of NR-SSS shall not be increased, the SS block index is implicitly indicated by gNB using NR-SSS. For example, there are two M-sequences with same length for SSS1 and SSS2, respectively like LTE SSS. Per a SS block index within a SS burst set/SS burst, SSS1 and SSS2 sequences for NR-SSS can be differently allocated in frequency resources, while the position of NR-PSS within the SS block is fixed maintaining NR-PSS and NR-SSS are TDM as per agreement and working assumption. In details, there are two offset values 
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 for SSS1 and SSS2 frequency position relative to NR-PSS, respectively. Combinations of two offset values can be used to indicate the SS block index and/or beam resource index if necessary. Furthermore, if the combination values are predefined within every SS burst set, then the SS burst boundary would be derived at UE side. According to that, subframe/frame boundary could be also derived additionally if those are associated with a SS burst. However, it is expected higher decoding complexity would be caused from UE perspective. 
Alt 3. By using PBCH

In case of using NR-PBCH to convey SS block index, the number of blind decoding would give a big burden to UE in terms of decoding complexity because RAN1 agreed that some of SFN bits on top of explicit SFN bits in PBCH shall be provided by a physical layer signalling like LTE PBCH for 4 radio frames (i.e. 2bits, LSB of SFN). Thus, if the indication of SS block index is additionally applied for PBCH decoding, the complexity and reliability of PBCH detection may not be guaranteed from UE perspective. So, we think additional increase of complexity and impacts of the detection performance for PBCH should be justified.
Proposal 1: It is preferred that the SS block indices are indicated to UEs by using either new synchronization signal (Alt 1) or NR-SSS (Alt 2).
2.2. NR frame boundary indication
In LTE, as discussed in section 2.1, 2-M sequence mapping of SSS is differently allocated between subframe 0 and 5 so that LTE UEs can acquire the frame boundary from it. For NR, it shall be also discussed how NR UEs can acquire the frame boundary in a SS structure consisting of SS block, SS burst and SS burst set. For initial cell access, UEs would assume default subcarrier spacing, default SS burst set periodicity and a single set of possible SS block transmissions (i.e. set of time positions of SS block transmissions) per frequency range category according to RAN1 agreements so that UE can easily and reliably detect a SS block based on predetermined knowledge. 
In addition, it is proposed that at least for initial cell access, UE also needs to assume a slot structure that has fixed time position of SS blocks, in order to identify the NR frame boundary with it. We call it as “default slot” for initial cell access in NR.  
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Figure 2: NR frame boundary acquisition via UE
In Figure 2, there is one example of NR frame boundary acquisition via UE with the default slot structure. For this default slot, one of considerations is whether the other DL channel/signal transmissions such as DL/UL control regions are allowed within the default slot containing potential SS block transmissions or not. Considering larger SS bandwidth over LTE and efficient and flexible resource utilizations for various application scenarios in NR, we think it is quite natural to be able to multiplex the other DL channel/signal with SS blocks in the slot.

Since in last meeting, RAN1 agreed that DL control region is at least dynamically indicated by gNB that means depending on configuration of DL control region within a slot, the number of OFDM symbols at least for data transmission would be varied. Thus, for a slot that may allow the multiplexing at least between the other DL channel/signal transmission and SS block transmissions, there may be potential variations on time position of the SS blocks within the slot. To avoid this confusion regarding SS block positions especially for UEs during initial cell access, fixed SS block positions within the slot can be considered for frame boundary acquisition. For example, as in Figure 2, assuming one SS block consists of 4 OFDM symbols including PSS/SSS and PBCH, and a slot duration is based on 14 OFDM symbols with 15 kHz default subcarrier spacing, there are always two SS blocks within a slot irrespective of presence of DL or UL control region so that initial cell access UEs can easily acquire the frame boundary based on predetermined knowledge of the slot and detected SS block time position in the associated radio frame once the SS block index is obtained according to NR-SS/TSS/PBCH, and then the associated radio frame is derived from information of the obtained SS block index by the UE. There can be different types of the default slot depending on the configurations of gNB for remaining OFDM symbols except SS blocks within a slot (e.g. DL/UL control region, blank, sidelink, MRS and etc.).
Proposal 2: It is proposed that for frame boundary acquisition during at least initial cell access, NR UE can assume the fixed tine position of SS block allocation within a slot that is associated with a single set of possible SS block transmissions.
3. Summary and conclusions

In this contribution, we provided our view on synchronization signal structure, i.e. how SS block index is indicated and how frame boundary information would be delivered in NR. Based on the discussion, the following proposals are drawn:
Proposal 1: It is preferred that the SS block indices are indicated to UEs by using either new synchronization signal (Alt 1) or NR-SSS (Alt 2).
Proposal 2: It is proposed that for frame boundary acquisition during at least initial cell access, NR UE can assume the fixed tine position of SS block allocation within a slot that is associated with a single set of possible SS block transmissions.
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