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1. Introduction
Initial access includes functions such as cell search and synchronization, system information delivery, cell selection/reselection and random access. It has significant impact on several NR KPIs [1], for example control plane latency, coverage, connection density and network energy efficiency.
In our companion contribution [2], it is suggested to introduce DL and UL Sweeping Time Interval (STI) in NR to satisfy the requirements of multi-beam operation and/or to ensure coverage of the signal/channels related to initial access. In this contribution, we will discuss some considerations on DL STI design.
2. [bookmark: _Ref458441502]Structure of DL STI
As discussed in [2], NR should introduce DL STI which consists of multiple sweeping blocks (SB). The number of sweeping blocks in an STI should be configurable in order to adapt to various situations, e.g. multiple/single beam operation, different number of TXRUs (more TXRU means more simultaneous beams and less SBs). UEs performing initial access should not be required to know the number of sweeping blocks in a sweeping time interval. However, this information could be provided in system information obtained from another layer (e.g. in non standalone mode) or from a neighbor cell (e.g. in standalone mode).
Proposal 1: The number of sweeping blocks (SBs) in DL sweeping time intervals (STI) should be configurable. 
· UEs performing initial access in NR standalone cells are not assumed to know the number of sweeping blocks in the DL STI.
· UEs performing initial access in non-standalone mode can obtain this information from another network layer for more efficient operation.
· potential values are FFS
Another issue is the relation between DL STI and the frame structure for the transmission of data and corresponding control signaling, i.e. how to map a STI into a radio frame. One straightforward way is to apply a continuous STI and puncture one or several continuous data/control transmissions in order to accommodate DL STI, as shown in Fig 1. Although self-contained feedback and scheduling for DL and UL data transmission is very attractive in many cases, it is still doubtful whether it can be used in all cases. In such cases, delayed feedback and/or scheduling needs to be used. Then, the idea of puncturing a continuous time interval for DL STI may constrain the flexibility of data transmission to some extent, especially if a long DL STI is employed as shown in Fig 1.
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[bookmark: _Ref458431213]Fig 1 Illustration of Continuous (lower) and Discontinuous (upper) DL STI
Another approach is to apply discontinuous STI and only puncture data part of time interval for multiplexing of SBs as shown in Fig 1. Then, even a long DL STI may not impact flexibility of data transmission. 
Proposal 2: NR should strive for an STI structure that will bring less impact on data transmission, e.g. applying discontinuous STI structure.
3. Structure of DL Sweeping Block (SB)
One DL SB may accommodate DL synchronization signal (SS, which may include PSS/SSS), system information (SI) and/or beam specific reference signal (BRS). SS is used for cell discovery and coarse time/frequency synchronization. BRS can be used for RSRP measurement and fine time/frequency synchronization. SI is used to indicate essential system configuration related to initial access, e.g. configuration of PRACH and UL/DL STI.
As shown in Fig 2, three basic SB structures can be considered, i.e. (1) TDM based structure where multiple OFDM symbols are used for SI/SS/BRS separately; (2) FDM based structure where SS/SI/BRS share the same OFDM symbol; (3) hybrid structure where both FDM and TDM are employed, for example, SS and SI are sent in different OFDM symbols which are shared by BRS.
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[bookmark: _Ref458438520]Fig 2 Illustration of DL SB Structure
With TDM based structure, power boosting can be applied to the signals related to initial access, which is beneficial for power limited scenarios. However, this kind of structure results in a long SB and then a long STI, which may bring inefficient resource utilization. This is because SS and SI are generally designed based on smallest system bandwidth. For a larger system bandwidth, the frequency resources in the OFDM symbols accommodating SS/SI may not be efficiently utilized for data transmission in the power non-limited scenarios since the TRP Tx beamforming is restricted during the STI. Moreover, how to allocate the unused resources in the SBs for data transmission should be studied. For example, as shown in Fig 3, the resources can be scheduled via a DL grant in a previous time interval or via a DL grant in the time interval to which the STI is mapped (with discontinuous STI structure as discussed in section 2).
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[bookmark: _Ref458441397]Fig 3 Example on Efficient Utilization of the Resources in SB (Assuming a Discontinuous STI Structure)
FDM based structure means a slim SB and then a short STI. It makes full use of the time/frequency resources in SBs since SS/SI/BRS share the whole frequency resource in one OFDM symbol. However, since there is marginal space for power boosting, the coverage issue of FDM based structure needs to be carefully studied. In our companion contribution [3], the coverage of NR initial access is evaluated. Preliminary results show that there exists severe coverage problem in NR UMa scenario even with ideal beamforming coefficient when power boosting and repetition is not employed. It should also be noted that FDM based SB structure will incur a higher requirement on smallest system bandwidth. Therefore, the smallest system bandwidth or NR should also be taken into account.
Furthermore, Hybrid structure can also be considered as a tradeoff between coverage and efficiency of resource utilization. 
Proposal 3: The structure of SB should be studied, considering coverage, efficient resource utilization and limitations on the smallest bandwidth
· TDM, FDM or hybrid SB structure can be considered.
· If TDM based structure is applied, schemes for efficient utilization of the resources in SB should be studied. 
4. Timing Information
The first sweeping block in a sweeping time interval may serve as a time reference. For example, it may have a fixed time relation to a frame or a subframe boundary. However, a UE that detects a synchronization signal does not necessarily know which sweeping block the synchronization signal was part of. Therefore, it may be suitable to indicate the sweeping block index (SBI) in the sweeping block itself, so that the timing of the first SB in the STI can be detected by the UE
Proposal4: The sweeping block index should be indicated for UE to acquire DL timing 
5. Conclusions
In this contribution, considerations on DL STI/SB design are discussed, the followings are proposed that
Proposal 1: The number of SBs in DL STI should be configurable. 
· It can be agnostic to UEs performing initial access in standalone mode
· UEs performing initial access in non-standalone mode can obtain this information from another network layer for more efficient operation.
· potential values are FFS
Proposal 2: NR should strive for a STI structure that will bring less impact on data transmission, e.g. applying discontinuous STI structure
Proposal 3: NR should carefully study the structure of SB considering the issues of, e.g. coverage, efficient resource utilization, limitation of the smallest bandwidth
· TDM, FDM or hybrid structure can be considered.
· If TDM based structure is applied, schemes for efficient utilization of the resources in SB should be studied. 
Proposal4: The sweeping block index should be indicated for UE to acquire DL timing 
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