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Introduction
In 3GPP RAN1#86bis meeting, the following agreements were made for synchronization signals and downlink broadcast channels/signals design for NR [1].
Agreements:
· NR defines at least two types of synchronization signals
· NR-PSS at least for initial symbol boundary synchronization to the NR cell
· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing
· NR-SSS for detection of NR cell ID or at least part of NR cell ID
· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE
· FFS number of NR cell IDs
· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS FDM or TDM
· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
Agreements:
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set
· FFS: whether or not to define common periodicity range for SS burst set across NR carriers
· Values of the periodicities of SS burst set is for further study
· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities
· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq
In this contribution, we provide our views on the efficient design of the SS block and the multiplexing scheme of the NR synchronization signals and downlink broadcast channels/signals.
Discussion
In NR, two types of radio environments will be considered, namely sub-6GHz band and above-6GHz band. For the latter, it is expected that the carrier frequency may go as high as 100GHz, and thus more antenna elements can be equipped by both the TRPs and UEs and much wider bandwidth is available. For FD-MIMO in LTE, due to the relatively small antenna numbers and low pathloss of the low carrier frequency, the analog beamforming is usually static and has a wide beam width. As a result, the beamforming operation is mainly implemented in the digital baseband since it is more flexible and can be frequency selective. However, in order to compensate the large pathloss of the high carrier frequency in NR, a large number of RF chains will be needed to harness the gain of large scale antenna array if only the digital baseband precoding is used, which results in high hardware cost and high power consumption. Therefore, it was agreed during 3GPP RAN1#85 meeting [2] that the analog/hybrid beamforming are to be studied in NR. However, since analog beam is controlled by dynamically adjusting phase for each antenna and the phase rotation is common for the whole system bandwidth, the analog beamforming at the same TXRU does not allow frequency-selective precoding. 
For the common channels/signals in above-6GHz band, beamforming is necessary to compensate the large pathloss due to the high carrier frequency and to provide sufficient coverage. It was agreed during 3GPP RAN1#85 meeting that RAN1 will study both multi-beam based approaches and single-beam based approaches for the common channels/signals. In multi-beam based approaches, multiple beams are used for covering a downlink coverage area and/or uplink coverage distance of TRP to UE. One example of multi-beam based approaches is beam sweeping. When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration, and single or multiple beams can be transmitted/received in a single time instance.
In order to enable the multi-beam based initial access and mobility procedures, the preliminary definitions have been proposed for SS block, SS burst, and SS burst set, where PSS, SSS and/or PBCH can be transmitted within an SS block, one or multiple SS block(s) compose an SS burst, and one or multiple SS burst(s) compose an SS burst set [1]. However, the details of these concepts are not solidified yet, such as the multiplexing schemes, periodicities of different channels/signals, etc. Due to the large number of beams needed in the beam sweeping for high carrier frequency, an efficient design for SS block, SS burst, and SS burst set is important. 
Observation 1: An efficient design for SS block, SS burst, and SS burst set is important to reduce the overhead for common channels/signals beam sweeping in high carrier frequency.
An SS block may be composed by some or all of the channels/signals including PSS, SSS, PBCH, DMRS for PBCH, beam reference signal (BRS). In NR, PSS is at least used for initial symbol boundary synchronization to the NR cell, SSS is at least used for the detection of NR cell ID or at least part of NR cell ID, and PBCH is at least used for broadcasting part or all of the essential system information for initial access. Furthermore, SSS detection should be based on the fixed time/frequency relationship with PSS resource position, and PBCH decoding is based on the fixed relationship with PSS and/or SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead. For a UE to perform the initial access procedure, a multi-stage detection needs to be performed sequentially at least for PSS, SSS, and PBCH, and the SINR requirement for detection can be designed to be different for each stage. Therefore, it may not be necessarily efficient and beneficial to limit the same beam width for PSS, SSS, and/or PBCH when designing the SS block. 
Observation 2: It may not be efficient and beneficial to limit the same beam width for PSS, SSS, and/or PBCH when designing the SS block.
In order to reduce the time/frequency resource used for SS block, SS burst, SS burst set, and to lower the detection complexity and energy consumption at the UE, a hierarchical multi-level beam sweeping design can be considered for the SS block. Each detection stage may correspond to one beam set, where each beam set may have different beam width. The beam set corresponding to an earlier detection stage is called a parent-beam set, and the beam set corresponding to the next detection stage is called a sub-beam set of the parent-beam set. Each level of beam set comprising one or more beams. The directions of all sub-beams in one parent-beam should be constrained by the direction of their parent-beam. The following figure illustrates the relation between the parent-beam and its sub-beams. 


Figure 1: Illustration of the relation between the parent-beam and its sub-beams.
The RE allocations of different beams in the same level beam set can be multiplexed in time domain, frequency domain, and/or code domain. The RE allocations of different beams in different level beam sets are multiplexed in time domain and/or frequency domain, and there is a dependency for RE allocation between the beams in different levels of beam sets, e.g., a specified time delay and/or frequency interval, between the beams in different levels of beam sets, so that after the UE finds one or several best parent-beams, the UE may only need to detect the RE resources corresponding to these best parent-beams in order to save processing time and power consumption. On the other hand, one or more parent-beams may share the same RE resources and the same group of antenna ports for transmitting their own sub-beams to further reduce the RE usage. With the hierarchical multi-level beam sets design, the number of RE resources required for SS block can be reduced while the number of swept beams is kept the same, and the benefits can be more significant when repetition is used in beam sweeping to provide the opportunity for RX beam training at the UE. 
Proposal 1: A hierarchical multi-level beam sweeping design can be considered for the PSS, SSS, PBCH in one SS block in order to reduce the time/frequency resource usage and to lower the detection complexity and energy consumption at the UE.
As shown in Figure 2-(a), a simple SS block may consist of PSS, SSS, and PBCH, which are multiplexed in frequency domain. Additionally, BRS can be used for DMRS for PBCH, for beam measurement, and for RRM measurement. Figure 2-(b) illustrates an SS burst with four SS blocks and representing four beam directions. When the designed SINR requirement of PSS and SSS detection is lower than that of the PBCH and BRS detection in NR, it can be beneficial to assign a wider beam for PSS and SSS and multiple sub-beams for PBCH and BRS. As shown in Figure 2-(c), only two SS blocks are used to support the same four beam directions, and PBCH/BRS with different sub-beam directions use different frequency resources. Furthermore, as shown in Figure 2-(d), PBCH/BRS with different sub-beam directions can share the same part of frequency resources and distinguished by two different groups of antenna ports. As a result, the RE resources used by PBCH/BRS is reduced by half for this example. It should be noted that a square block in the figure denotes a group of REs, and it is only for illustration and may not be in the exact scale. 
[image: ]
[bookmark: _Ref465414063]Figure 2: Illustration of SS block design without/with multi-level beam sweeping.

Repetition of the SS block with the same beam direction is needed to enable the RX beam training at UE for a downlink transmission. As shown in Figure 3-(a), the same SS block is repeated four times consecutively in the time domain, and thus four times of RE resources are used. 
Observation 3: To enable the RX beam training at UE, repetition of the same SS block within a SS burst is needed and may cause high RE overhead.
[bookmark: _GoBack]However, since the detection of the PSS, SSS, and PBCH for initial access is a multi-stage procedure, there is no need to repeat all the channels/signals for RX beam training at UE. As shown in Figure 3-(b), only PSS is repeated four times, while SSS and PBCH is only transmitted once and multiplexed in the time domain with PSS. As a result, UE can perform RX beam training with PSS first, and then use the best beam to receive the SSS, PBCH and more downlink channels/signals. The PBCH and SSS can also be transmitted in the same time symbols as shown in Figure 3-(c) to reduce the time length of the SS block. Figure 3-(d) illustrates another example where PBCH is multiplexed with PSS/SSS in the frequency domain. The difference between the PBCH in Figure 3-(a) and Figure 3-(d) is that only one copy of PBCH is transmitted in Figure 3-(d) and it is spread across the five time symbols and thus the required total bandwidth is greatly reduced. The structures in Figure 3-(b), Figure 3-(c) and Figure 3-(d) can be considered for SS block design which can enable the RX beam training at UE. Another advantage of the SS block design in Figure 3-(b), Figure 3-(c) and Figure 3-(d) is that more power is available to allocate to the PSS and/or SSS if needed compared to the design in Figure 3-(a).
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[bookmark: _Ref465426791]Figure 3: Illustration of SS block design to enable the RX beam training at UE.
Proposal 2: To enable the RX beam training at UE, a type of SS block design can be considered, within which only some of the channels/signals are repeated, e.g., PSS or PSS/SSS.
Naturally, the proposed multi-level beam sweeping can be applied to the above SS block design to enable the RX beam training at UE. As shown in Figure 4-(a), it may take lots of time/frequency resources to perform a beam sweeping with four different beam directions and four repetitions for each beam direction. On the other hand, as shown in Figure 4-(b), two wider parent beams are used for PSS transmission, and each repeats four times in the time domain. For each parent beams, two narrow sub-beams are used for SSS transmission, which as a whole can cover the same coverage as their parent beam. PBCH/BRS may use the same beam direction as the corresponding SSS, or may use multiple narrower sub-beams mapping to different antenna ports to further divide the beam directions. Within each SS block, SSS and PBCH are only transmitted once for each beam direction.
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[bookmark: _Ref465431439]Figure 4: Illustration of SS block design with multi-level beam sweeping and repetition.

[bookmark: _Ref378529477]Conclusions
In summary, we have discussed the SS block design issues in this contribution. We make the following observations and proposals: 
Observation 1: An efficient design for SS block, SS burst, and SS burst set is important to reduce the overhead for common channels/signals beam sweeping in high carrier frequency.
Observation 2: It may not be efficient and beneficial to limit the same beam width for PSS, SSS, and/or PBCH when designing the SS block.
Observation 3: To enable the RX beam training at UE, repetition of the same SS block within a SS burst is needed and may cause high RE overhead.
Proposal 1: A hierarchical multi-level beam sweeping design can be considered for the PSS, SSS, PBCH in one SS block in order to reduce the time/frequency resource usage and to lower the detection complexity and energy consumption at the UE.
Proposal 2: To enable the RX beam training at UE, a type of SS block design can be considered, within which only some of the channels/signals are repeated, e.g., PSS or PSS/SSS.
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