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1 Introduction
In RAN1#86, the following agreements were made for initial access and design of synchronization signals [1].
Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case

According to this agreement, RAN1 should strive for a unified framework for initial access for a group of frequency bands in the frequency range. However, since there can be different design aspects depending on the range of carrier frequencies (which imposes different requirements), using a common channel/signal design for initial access in all scenarios can result in significant performance degradation. In that perspective, this contribution discusses how to design the physical channels and signals for synchronization and cell search considering different frequency ranges, e.g. below 6 GHz and above 6 GHz.

2 Issues for initial access for below 6 GHz and above 6 GHz
Generally speaking, unified framework is applicable for both above 6 GHz and below 6 GHz regardless of which beamforming implementation is utilized. However, unified framework does not necessarily imply a common design. For instance, different requirements, channel characteristics, and implementation constraints apply depending on frequency bands (above 6 GHz and below 6 GHz). Those aspects cannot be sufficiently addressed if the same design is applied for both bands. Furthermore, this will results in considerable performance imbalance in either above 6GHz or below 6GHz. Therefore, even in unified framework, a certain level of band-specific differentiation or optimization is necessary.

For above 6 GHz, depending on the deployment scenarios, beamforming with narrow beams is needed to compensate severe coverage losses due to the high free space path loss and additional non-line-of-sight (LOS) losses. This beam based transmission can only cover limited directional area. Therefore, beam sweeping is required for at least common channel transmission, e.g., nrPSS, nrSSS and nrPBCH. For the beam sweeping, TRP has to transmit nrPSS, nrSSS and nrPBCH repeatedly over multiple OFDM symbols which are mapped to different beams so that it can cover all directions.  In addition, for above 6 GHz, it is noted that analog beamforming and hybrid beamforming must be taken into account in addition to digital beamforming in order to avoid excessive implementation complexity. The lower implementation complexity for analog and hybrid beamforming compared to digital beamforming comes at the cost of reduced at degree of freedom. The reduced degree of freedom means that beams with different directions cannot be transmitted in the same time instant when analog or hybrid beamforming is used.

For below 6 GHz, like LTE, coverage losses due to the high free space path loss and additional non-LOS loss are not critical, so insufficient coverage can be compensated by combining of nrPSS, nrSSS and nrPBCH over multiple period. Therefore, beam sweeping is not required for the transmission of nrPSS, nrSSS and nrPBCH in below 6 GHz.

Due to the different beamforming requirements for the transmission of nrPSS, nrSSS and nrPBCH for different frequency ranges, differently optimized design of initial access within the same unified framework seems beneficial for above 6 GHz and below 6 GHz. In the following sections, the details on how to multiplex synchronization signals and nrPBCH are discussed. 
3 Multiplexing of initial access signals

In order to multiplex nrPSS, nrSSS and nrPBCH within a system bandwidth, two approaches can be considered: time division multiplexing vs frequency division multiplexing. 
3.1 Time division multiplexing

In TDM approach, synchronization signals and PBCH are transmitted in separate OFDM symbols. Figure 1 shows an example of TDM between nrPSS, nrSSS and nrPBCH. Note this approach is what LTE applies for the transmission of PSS, SSS and PBCH.
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Figure 1. An example of TDM between nrPSS, nrSSS and nrPBCH

The TDM approach can provide better coverage performance than FDM approach. Since nrPSS, nrSSS, and nrPBCH are transmitted on dedicated OFDM symbols, the gNB can utilize the available transmission power on the respective OFDM symbols to control the transmission power of each of these signals. Compared to the case where these signals are multiplexed within a single OFDM, this approach has benefits in terms of the range of power that can be allocated. 

With TDM, the signals are distributed over time and therefore the required bandwidth for transmission of these signals can be designed to be small. A good example is LTE where the synchronization signals and PBCH occupy a bandwidth of 1.08MHz. Having these signals occupy a smaller bandwidth has benefits in terms of reducing the minimum complexity for NR operations. In other words, even if the NR system bandwidth is 100MHz, if these signals are designed to occupy a small fraction, the minimum UE complexity required to support NR will be quite low. However, having a synchronization signal occupy a bandwidth that is too small might lead to suboptimal synchronization performance. Considering both aspects, designing the synchronization signal to occupy a bandwidth that is equal to or smaller than 5MHz seems to be a good starting point. This value is proposed based on the assumption that NR should be designed for future deployment on refarmed spectrum from W-CDMA.
One main disadvantage of this TDM approach takes place when beam sweeping for analog or hybrid beamforming is applied for the transmission of nrPSS, nrSSS and nrPBCH. As noted above, hybrid beamforming cannot simultaneously transmit signals into different directions. Therefore, in order to transmit to different directions, hybrid beamforming relies on beam sweeping where repeated transmission of nrPSS, nrSSS and nrPBCH are made for different beams on dedicated time resources. The result is that overhead due to beam sweeping is increased according to the number of beams required to cover all directions. If TDM is used, the resulting time resources required to transmit nrPSS, nrSSS and nrPBCH could be too excessive. Furthermore, it is difficult to use remaining frequency resources which are not used for the transmission of nrPSS, nrSSS and nrPBCH since different beams cannot be multiplexed in the same OFDM symbols when analog or hybrid beamforming is applied. 

As a conclusion, TDM approach is beneficial if nrPSS, nrSSS and nrPBCH can be efficiently transmitted in all directions without the support of beam sweeping. TDM has benefits in terms of lowering the minimum UE complexity required to support NR and can adaptively adjust the coverage of these signals by flexibly controlling the transmission power. On the other hand, it is observed that this TDM approach results in excessive resource overhead when beam sweeping for hybrid beamforming is necessary. Therefore, it is proposed to transmit nrPSS, nrSSS and nrPBCH in a TDM manner for below 6 GHz frequency range where beam sweeping is not used.
3.2 Frequency domain multiplexing 
In FDM approach, synchronization signal(s) and nrPBCH are transmitted in same OFDM symbols. Figure 2 shows an example of FDM between nrPSS, nrSSS and nrPBCH. 
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Figure 2. An example of FDM between nrPSS, nrSSS and nrPBCH

In Figure 2, nrPSS, nrSSS and nrPBCH are multiplexed in an OFDM symbol and it can be repeated over multiple OFDM symbols for beam sweeping. To cover all directions, these repeated symbols are transmitted to different beam directions. FDM approach is beneficial if beam sweeping is necessary. For beam sweeping, resource overhead is dependent on the number of used OFDM symbols for repetition of nrPSS, nrSSS and nrPBCH. If FDM is applied, the number of OFDM symbols required for repetition of synchronization signals and nrPBCH can be reduced and remaining frequency resources which are not used for synchronization signals and nrPBCH can be minimized. 

For this FDM approach, minimum system bandwidth should be wider than sum of bandwidths for nrPSS, nrSSS and nrPBCH. But, it may not be an issue for above 6 GHz since system bandwidth is expected to be sufficiently wide, e.g., wider than ~40MHz for above 6 GHz frequency ranges. Such a bandwidth should be enough for FDM of nrPSS, nrSSS and nrPBCH. In addition, coverage loss due to less available transmit power also can be compensated by beamforming.
As a conclusion, it is proposed that for above 6 GHz, FDM of nrPSS, nrSSS and nrPBCH is preferred considering beam sweeping and efficient resource utilization.

3.3  Different physical structure to support TDM/FDM for initial access
As discussed in section 3.1 and section 3.2, having different multiplexing approaches for above 6 GHz and below 6 GHz has benefits. In below 6 GHz, it is observed that TDM of synchronization signals and nrPBCH is preferred when considering coverage, a required minimum UE complexity. On the other hand, for above 6 GHz, FDM of synchronization signals and nrPBCH is preferred considering beam sweeping and resource efficiency. Therefore, it is proposed that NR should support both TDM and FDM of synchronization signals and nrPBCH under the unified framework.
TDM based physical structure for synchronization and cell search is mainly targeted for below 6 GHz frequency range where digital beamforming is primarily utilized. On the other hand, FDM based physical structure is mainly targeted for above 6 GHz frequency range where analog or hybrid beamforming is required. 
Proposal: NR should support both TDM and FDM of synchronization signals and nrPBCH under the unified framework. 
The multiplexing method should be known to a UE before the UE’s attempt to detect synchronization signals. Two alternatives can be considered in NR as below.

· Alt 1: Multiplexing of synchronization signals and nrPBCH is predefined per frequency range (e.g. TDM for below 6 GHz and FDM for above 6 GHz)
· Alt 2: Multiplexing of synchronization signals and nrPBCH is indicated by PSS. One bit can be used for the indication of either TDM or FDM. 

The advantage of Alt 1 is simplicity in terms of UE complexity. Multiplexing of synchronization signals and nrPBCH is just mapped to frequency range so UE can derive whether TDM or FDM is used based on the frequency range. On the other hand, Alt 2 has flexibility on multiplexing of synchronization signals and nrPBCH. Even though we’ve considered TDM for below 6 GHz and FDM for above 6 GHz, there could be a motivation to use beam sweeping and analog beamforming even in frequency range near 6 GHz. It means that FDM can be used even in below 6 GHz. In that case, Alt 2 can be considered.
4 FDM Multiplexing of BRS for Hybrid BF Operations

The beam reference signal (BRS) could be FDM multiplexed with synchronization signal(s) and/or nrPBCH in the same OFDM symbols for above 6GHz system where hybrid beamforming is expected. Figure 3 shows an example of FDM between nrPSS, nrSSS, nrPBCH and BRS.  
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Figure 3. An example of FDM for BRS
In Figure 3, nrPSS, nrSSS, nrPBCH and BRS are multiplexed in same OFDM symbol and it can be repeated over multiple OFDM symbols for beam sweeping. For above 6GHz, the hybrid beamforming is expected to be utilized to enhance the coverage. The hybrid beamforming and analog beam have particular restriction due to that the analog beams are applied in time domain. The OFDM symbols where nrPSS/nrSS/nrPBCH are transmitted with beam sweeping are generally not useable for normal PDSCH transmission. Mapping BRS onto those OFDM symbols would be an efficient method to fully utilize the OFDM symbol resource and thus reduce the overhead.  The BRS can be mapped to the resource elements that are not used by the synchronization signals and nrPBCH. Multiple ports could be defined for BRS on each OFDM symbol and each port carries the signal for one TRP Tx beams. The Tx beams carried by the BRS are narrow beams while the beams used for synchronization signals and nrPBCH are wide beam. The beams carried by the BRS and beam used for synchronization signals/nrPBCH on the same OFDM symbol are composed from the same subset of analog beams. The BRS could be used by both IDLE UE and RRC connected UEs.

As a conclusion, it is proposed that FDM of BRS with synchronization signals and/or nrPBCH is a desired choice for efficient resource utilization for system with hybrid beamforming by considering beam sweeping operation on synchronization signals and nrPBCH.
5 Conclusion

This contribution discussed how to multiplex the physical channels and signals for initial access considering different frequency ranges, e.g. below 6 GHz and above 6 GHz and proposed the following

Proposal: NR should support both TDM and FDM of synchronization signals and nrPBCH under the unified framework. 
References
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#86, Gothenburg, Sweden, August, 2016
Page 6

_1536758734.vsd
nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


Minimum 
system 
bandwidth


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


Beam sweeping 
over OFDM symbols


time


frequency



_1536758784.vsd
nr
PSS


nr
SSS


Minimum 
system 
bandwidth


nr
PBCH


time


frequency



_1536748897.vsd
nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


nr
PSS


nr
SSS


nr
PBCH


nr
PBCH


Beam sweeping 
over OFDM symbols


BRS


BRS


BRS


BRS


BRS


BRS


BRS


BRS


System Bandwidth


time


frequency



