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Introduction
During RAN1#85 meeting, 5G NR has discussed about the bandwidth flexibility issue with the following agreements [1]:
Agreements:
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

To support bandwidth flexibility, reference signal (RS) related to system bandwidth should be discussed. In this contribution, we firstly overview the RS design principle in LTE. Then some possible RS design schemes are given, considering that the current RS design depends on the maximum system bandwidth and will not satisfy the requirement of bandwidth flexibility and future bandwidth extension.

Discussions
In the current LTE system, the sequence for cell specific reference signals, e.g., CRS and CSI-RS, are firstly designed for the maximum system bandwidth 20MHz [2], whose middle part composes the RS sequence for a smaller bandwidth. One illustrative example is as Figure 1 shows:
[image: ]
Figure 1 One illustration of LTE reference signal design principle
It is worth noting that Fig.1 has no other implications but demonstrates the relationship of RSs between system bandwidths. In an LTE system configured with any system bandwidth, PBCH always lies in the central spectrum as Fig.1 shows. Therefore, from the perspective of demodulating PBCH, the reference signal design principle could keep the reference signal associated with PBCH the same regardless of the system bandwidth. It can largely reduce the terminal complexity and save power. For 5G NR, this principle should still be kept.
Proposal 1: No matter what the system bandwidth is, the association between reference signal and common physical channel like PBCH should be kept consistent.
However, this reference signal design principle depending on the predefined the maximum system bandwidth will have a problem with forward compatibility, considering unknown bandwidth extension and non-standard system bandwidth.
Proposal 2: Considering bandwidth flexibility and unknown extension, at least cell specific reference signal related to system bandwidth should be rethought and redesigned.
[bookmark: _GoBack]The reference signal can also be generated based on a random sequence as in LTE. Here, we intend to mainly talk about how to map the RS to resource elements with respect to the bandwidth configuration. To overcome the aforementioned problem, one approach that can be considered is to keep the RS sequence as generated and adjust the common physical channel position. One example is demonstrated in Figure 2. 
For the baseline bandwidth, e.g., the legacy maximum bandwidth configuration, the common physical channel is located in the center of bandwidth. For extended system bandwidth configurations, it is aligned to the edge of the system bandwidth, and thus is no longer in the center of the bandwidth, while keeping the RS sequence associated with it unchanged. The approach is capable of supporting bandwidth flexibility, but requires no specification on legacy UEs. However, it may affect the demodulation of the common physical channel like PBCH, because of not lying in the middle of spectrum.
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Figure 2 keep the reference signal sequence as generated
Alternatively, another approach that can be considered is to shift the generated reference signal sequence while the common physical channel position relative to system bandwidth is kept unchanged, as Figure 3 shows. In this approach, firstly the reference signal is generated based on the random sequence, with the length of RS satisfying the requirements of system bandwidth. Then, the generated sequence is shifted such that the RS of the baseline bandwidth is in the middle part of the extended bandwidth. For any system bandwidth, the common physical channel, e.g., PBCH, is always in the middle part of spectrum, which can make PBCH robust.
[image: ]
Figure 3 Shift the generated reference signal sequence
Based on the above discussions, we have the following proposal:
Proposal 3: The following reference signal design schemes can be considered to support bandwidth flexibility for 5G NR
· Alt. 1: Keep the reference signal sequence while align the common physical channel, e.g., PBCH, to the edge of the system bandwidth
· Alt. 2: Shift the reference signal sequence while keeping the common physical channel, e.g., PBCH, in the middle of the system bandwidth
Conclusions
In this contribution, we discussed about reference signal design to support bandwidth flexibility. Based on the aforementioned discussions, we have the following observation and proposals:
Proposal 1: No matter what the system bandwidth is, the association between reference signal and common physical channel like PBCH should be kept consistent.
Proposal 2: Considering bandwidth flexibility and unknown extension, especially cell level reference signal should be rethought and redesigned.
Proposal 3: The following reference signal design schemes can be considered to support bandwidth flexibility for 5G NR
· Alt. 1: Keep the reference signal sequence while align the common physical channel, e.g., PBCH, to the edge of the system bandwidth
· Alt. 2: Shift the reference signal sequence while keeping the common physical channel, e.g., PBCH, in the middle of the system bandwidth
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