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1 Introduction

Network synchronization is an important aspect for deployment, design, and operations. In this contribution, we discuss the impact of network synchronization on different NR mechanisms including, TDD and flexible duplex, CoMP and interference coordination, initial access, and sync signal acquisition.
2 Network Synchronization for NR
2.1 TDD and flexible duplex
Similar to LTE TDD, NR TDD requires tight network synchronization among co-located and non-co-located TRPs. Generally, the timing alignment errors among TRPs should be small enough as otherwise they may cause signals in DL and UL to overlap in time, causing significant interference. The requirements at lower frequency should be similar to those for LTE which is within +/- 1.5 µs for cells with radius no more than 3 km. At higher frequency, however, since frame structure timings such as the symbol duration, CP length, guard time, etc., can be much shorter than those at lower frequency, the network synchronization requirements expressed in absolute terms (e.g., x µs) should be revisited and are likely to be tightened proportional to relevant frame structure timings.
Likewise, flexible duplex also requires tight network synchronization, and the requirements for supporting TDD may be reused for supporting flexible duplex.

It is worth noting that at higher frequency, most likely TDD needs to be supported, which implies that tight network synchronization may be required for higher frequency. On the other hand, flexible duplex is generally an optional feature, and whether it can be enabled depends on whether sufficiently tight synchronization exists; clearly, when flexible duplex is enabled, it is expected that network throughput performance can be improved.

Observation 1: NR TDD and flexible duplex require network synchronization. The requirements are similar to LTE TDD at lower frequency, and can be tighter (in absolute terms) at higher frequency proportional to relevant frame structure timings.
2.2 Coordinated multipoint (CoMP) and interference coordination
In LTE, CoMP and various interference coordination schemes (e.g., MBSFN, eICIC, etc.) require tight network synchronization, ranging from within +/- 500 ns to within +/- 1.5 µs to, in some cases, within +/- 5 µs, etc. It is expected that NR CoMP and interference coordination schemes would require similar levels of accuracy at lower frequency and tighter timing alignment at higher frequency. Depending on different levels of network synchronization, different levels of coordination can be enabled. For example, coherent joint transmission and MBSFN require tight synchronization, whereas dynamic point selection (DPS), non-coherent joint transmission (e.g. distributed SM or distributed SFBC) and dynamic point blanking (DPB) require less tight synchronization, and if no coordination is to be supported, then generally no synchronization is needed. Similar to the flexible duplex feature, these coordination features are optional, but in general more features (or more advanced features) can lead to better throughput performance, at the cost of higher requirements on the network deployment and operations.
Observation 2: NR CoMP and interference coordination require network synchronization. The requirements are similar to those in LTE at lower frequency, and can be tighter (in absolute terms) at higher frequency.
2.3 Initial access

Network synchronization is also important to high frequency initial access. Communications at high frequencies, e.g. above 6 GHz, will be directional due to practical necessity of analog beamforming (ABF). When ABF is employed by a TRP, multiple copies of synchronization (sync) signals (through any antenna) need to be transmitted to different directions sequentially, hence requiring the TRP to “sweep” all desired directions over time. That increases cell search latency. The issue becomes even more significant when the UE also employs ABF and needs to sweep different directions over time, which decreases the probability of TRP beam(s) and UE beam(s) aligned for successful detection of sync signals.
In an LF-assisted HF system, the above issue can be addressed by synchronization between an LF base station and HF TRPs over the backhaul for transmission of sync signals. In this approach, a UE first connects to the LF system through a process similar to legacy cellular systems. Once the connection is established, the UE can obtain information for initial beam training and access on the HF system. This approach has the potential to decrease HF cell search latency significantly and simplify access procedures such as initial access, link failure recovery and handover.
Synchronization in the network plays a key role in the above approach. Synchronization between the LF system and HF TRPs reduces complexity of HF cell search and allows the UE to perform joint beam training and sync signal detection from HF TRPs more reliably because when a UE is informed of the (rough) window to search for sync signals, the probability of false alarm is reduced.
Observation 3: Synchronization among low-frequency and high-frequency network entities can improve the performance of cell search and access procedures at high frequency.
2.4 Synchronization signal acquisition by connected UEs

UEs in the connected state need to continuously search for sync signals from neighboring cells/TRPs for potential handover. Conditioned on different degrees of network synchronization, the sync signal designs and UE procedures could be rather different.

If analog beamforming (ABF) is not employed at a UE, the UE can receive sync signals from different directions at the baseband and perform detection continuously. However, sync signals from neighboring cells/TRPs may be significantly attenuated if ABF is employed at the UE and the beamforming direction(s) do not point to nearby TRPs. As a result, the UE may not be able to detect sync signals from those nearby TRPs while it is communicating or listening to its serving TRP. This problem is magnified when TRPs adopt ABF to transmit sync signals to different directions, hence decreasing the chance of a TRP transmitting towards a nearby UE and the UE listening towards the TRP simultaneously. An example of this phenomenon is illustrated in Figure 2(a).
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Figure 2. (a) Missing to detect sync signals from TRP2 when the connected UE1 employs analog beamforming. (b) Successful sync signal detection as a result of the devised network synchronization.
This issue highlights the importance of designing procedures that consider not only communication between a UE and a target TRP, but also robust signal acquisition from other nearby TRPs. The following options are considered:
· With (rough) synchronization:
One approach to address this issue is to maintain (a possibly rough) synchronization between TRPs in a vicinity for transmitting sync signals as illustrated in Figure 2(b). For example, if TRPs in a vicinity transmit sync signals at certain time periods, all UEs in that vicinity will be able to search for sync signals from different TRPs and increase the chance of hearing all the nearby TRPs. Then, all those TRPs can switch to intra-cell transmissions, either UE-specific or broadcast. This mechanism, and its associated level of synchronization between TRPs, are similar to those in LTE Rel-12 DRS measurement timing configuration (DMTC).
Furthermore, symbol-level synchronization between TRPs can reduce the sync signal overhead by reducing the dwelling time of transmitting and listening to each direction during sync signal transmission periods. Consider the simple example illustrated in Figure 3 where each TRP antenna needs to sweep 4 directions to cover its intended coverage area while each UE antenna needs to sweep 2 directions. Therefore, a total of 4×2 sync signals need to be transmitted, in principle, in order for a UE to detect sync signals from a TRP through the best pair of transmit/receive beams. If the UE and the neighbor TRP are not symbol-level synchronized, the TRP needs to transmit each sync symbol to each direction more than once in order to make sure that a searching UE receives one full sync symbol while listening towards the TRP; see Figure 3(a). However, if the UE and the TRP are symbol-level synchronized, as shown in Figure 3(b), the TRP can transmit one sync symbol to each direction, hence reducing the sync signal transmission overhead. Note that the figure is not meant to imply that the beam sweeping process needs to occupy successive symbols.
· Without (rough) synchronization:
In the case such synchronization is not maintained, other mechanisms should be provisioned to address the above issue. For example, it can be left up to UEs to ensure they do not miss sync signal transmissions from nearby TRPs for an excessive amount of time. This can be realized, for example, by employing only digital beamforming at the UE or by using multiple antennas so that all directions are covered at any point in time. Such UE-based approaches may not be able to guarantee satisfactory performance for a wide range of UE implementations.
Another example to address the issue is for each cell to ensure that no UE is scheduled in a way that it misses sync signals for an excessive amount of time. For example, if sync signals are transmitted every T millisecond, the TRP shall schedule each UE so that it will not be busy at intervals of T milliseconds for an excessive amount of time. Details of such implementation should be determined by multiple parameters of the system and the required KPIs for initial access and handover. Similar to the option with network synchronization, such approaches require the network to ensure that desired performance for signal quality and handover is met.
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Figure 3. Example of reducing sync signal overhead by symbol-level synchronization: UE1 can successfully detect a sync signal from TRP2 only when TRP2 transmits a sync symbol through the TRP beam TB3 while UE1 is listening through the UE beam UB1. In this example, dwelling times are doubled when UE1 and TRP2 are not symbol-level synchronized (a) compared to the case they are (b).

Whether and how network synchronization or other network-based or UE-based approaches meet the desired performance should be studied and evaluated.
Observation 4: Synchronization between TRPs/cells for transmission of sync signals can facilitate sync signal acquisition from neighbor TRPs/cells when UEs at the connected state employ analog beamforming. Depending on the devised procedures, this synchronization does not need to be tight, i.e., is not necessary at symbol level.
Based on the observations, we propose the following:

Proposal: Study the impacts of different levels of network synchronization on NR deployment, design, and operations, and clarify the minimum required level (in terms of approximate ranges) of network synchronization for a proposed feature if needed.
3 Conclusions
In this contribution, we discussed network synchronization. The following were observed and proposed:
Observation 1: NR TDD and flexible duplex require network synchronization. The requirements are similar to LTE TDD at lower frequency, and can be tighter (in absolute terms) at higher frequency proportional to relevant frame structure timings.

Observation 2: NR CoMP and interference coordination require network synchronization. The requirements are similar to those in LTE at lower frequency, and can be tighter (in absolute terms) at higher frequency.
Observation 3: Synchronization among low-frequency and high-frequency network entities can improve the performance of cell search and access procedures at high frequency.
Observation 4: Synchronization between TRPs/cells for transmission of sync signals can facilitate sync signal acquisition from neighbor TRPs/cells when UEs at the connected state employ analog beamforming. Depending on the devised procedures, this synchronization does not need to be tight, i.e., is not necessary at symbol level.
Proposal: Study the impacts of different levels of network synchronization on NR deployment, design, and operations, and clarify the minimum required level (in terms of approximate ranges) of network synchronization for a proposed feature if needed.
