3GPP TSG RAN WG1 Meeting #85
R1-164380
Nanjing, China, 23rd - 27th May 2016
Agenda Item:
7.1.4
Source:
Huawei, HiSilicon
Title:
Frame structure design considerations for bands above 6 GHz
Document for:
Discussion and decision
1 Introduction

It was discussed in RAN1#84 [1]
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[2] that 5G frame format for bands above 6 GHz, called high-frequency (HF) bands hereafter, should be scalable and/or flexible and should be unified/compatible in design and numerology with NR for bands below 6 GHz, hereafter called low-frequency (LF) bands. In this contribution, we review considerations for frame structure design for bands above 6 GHz.
2 Design Considerations for High-Frequency Frame Structure
2.1 Channel Characteristics
Numerology of OFDMA for HF bands is desired to be based on subcarrier spacing values that are integer multiples of a base subcarrier spacing, possibly the subcarrier spacing used at LF bands [1]
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[2].
The maximum subcarrier spacing is constrained in part by the delay spread or, equivalently, the coherence bandwidth of the channel. However, the coherence bandwidth of 100 kHz mentioned in [2] is pessimistic in comparison with measurement results; e.g., see [3]
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[4]. Indeed, as a result of directional communications, delay spread of the received beamformed signal is lower for smaller beam-width resulting in larger coherence bandwidth compared to quasi-omnidirectional (i.e., omnidirectional or large-beam-width) transmissions [5]. This will allow the choice of larger subcarrier spacing and/or smaller CP when communications are highly directional.
Various factors may affect the choice of beam-width for a particular transmission. For example, an HF BS may be able to use narrower beams for a static UE compared to a mobile UE. Another example is using narrow beams for UE-specific transmissions vs. wide beams for broadcast. In these cases, changing numerology from one transmission to another allows the HF system to utilize the bandwidth more efficiently and avoid unnecessary overhead.
· Observation 1: Frame structure design for high-frequency bands is affected by channel characteristics perceived after applying analog (RF) beamforming.
The impact of the beam-width on channel characteristics and the frame structure design is discussed in more details in [5].
2.2 Beam Switching Time

Due to high path-loss at HF bands, quasi-omnidirectional transmissions have a shorter range. In order to utilize the large bandwidth available at high frequencies, data transmissions should be beamformed. Transmissions to different UEs require changing the beam from one direction to another, for example, changing phase shifts in a phased array. This beam switching requires hundreds of nanoseconds up to microseconds depending on the choice of hardware. If not taken into account, this beam switching time disrupts the transmission of the first symbol when a new beam is used. This is illustrated in Figure 1.
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Figure 1. Beam switching time disrupts the transmission of the first symbol if guard periods not provisioned.
A guard period can be provisioned, for example, by allowing a longer CP for the first OFDMA symbol transmitted to a new direction.
Note that beam switching may not necessarily occur at the beginning of a subframe. For example, successive signals that sweep beams for the purpose of beamforming or beam realignment/tracking will all demand guard periods or longer CPs, which will affect the structure of the containing frame. This is illustrated in Figure 2.
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Figure 2. Normal CP for data transmissions (top) vs. guard periods or long CPs for beam sweeping (bottom).
· Observation 2: Frame structure design for high-frequency requires guard periods or longer CPs when analog (RF) beamforming is employed to transmit to different directions.

2.3 Synchronization
High path-loss at high frequencies is also important for synchronization and initial access. A UE seeking to perform cell search and establish an initial connection needs to listen to the channel with a wide beam, which reduces its antenna gain. Therefore, quasi-omnidirectional transmission of synchronization (sync) signals by the HF BS (or HF TRP) may not provide sufficient signal strength at coverage ranges currently being proposed [2].
 As a result, sync signals may need to be transmitted directionally.
Directional transmission of sync signals puts constraints on sync signal overhead ratio, for example the number of resource elements in a frame, if cell search latency is to be constrained. Large bandwidths available at high frequencies allow frequency-division multiplexing of sync signals from different HF BSs as, otherwise, spectrum resources will remain unused and cell search latency is increased. As an example, when HF access is assisted by an LF overlay, the LF BS may synchronize transmission of sync signals from multiple HF BSs. This approach allows utilizing large spectrum resources available at HF bands when analog beamforming constrains multiplexing resources in the frequency dimension. This approach is particularly useful when multiple HF BSs cooperate in a multipoint transmission setup. However, frequency-division-multiplexed BSs may not be perfectly synchronized at the symbol level and, furthermore, because sync signal is broadcast and no time advance mechanism is applied, the time of arrival between sync signals from different BSs is further misaligned. The resulting misalignment would require a longer choice of CP compared to unicast/single-point transmissions.
· Observation 3: Frame structure and the associated signaling procedure design as well as resource management/allocation will be affected by the application of analog (RF) beamforming.
Observations 1, 2, 3 deviate from the scaling approach in [6]. Based on these observations, we propose the following:
· Proposal 1: Since transmissions to different directions and/or on different channels impose different constraints, considering a frame structure design for bands above 6 GHz with mixed numerologies and parameters will improve efficiency.
3 Conclusions

In this contribution, we reviewed considerations for frame format design for NR at bands above 6 GHz. We observed the following:
· Observation 1: Frame structure design for high-frequency bands is affected by channel characteristics perceived after applying analog (RF) beamforming.

· Observation 2: Frame structure design for high-frequency requires guard times or extended CPs when analog (RF) beamforming is employed to transmit to different directions.

· Observation 3: Frame structure and the associated signaling procedure design as well as resource management/allocation will be affected by the application of analog (RF) beamforming.
Based on the above observations, we propose the following:
· Proposal 1: Since transmissions to different directions and/or on different channels impose different constraints, considering a frame structure design for bands above 6 GHz with mixed numerologies and parameters will improve efficiency.
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� In this document, the term “sync signal” may refer to PSS, SSS, their combination/concatenation or a new sync signal structure for NR.
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