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Introduction
During RAN1#86 meeting, 5G NR has discussed about the broadcasted signal issue considering forward compatibility with the following agreements [1]:
Agreements:
· Whether wideband and narrowband UEs can decode either all or partially the same NR broadcasted signals and channels, should be considered
· This doesn’t mean the broadcasted signals/channels need to be narrowband

In this contribution, we give the design principle of synchronization or broadcasted signal for NR considering if both narrowband UEs and wideband UEs could decode either all or partially the same synchronization signal.
Discussions
As [2] mentioned that in LTE adding support for narrowband UEs resulted in the duplication of many broadcasted signals, channels, and info, it caused a high broadcasted resource usage. Take primary synchronization signal (PSS) as an example. In the current LTE system, synchronization signal like PSS always occupies the middle 6 PRBs within one OFDM symbol, and the base sequence is a Zadoff-Chu sequence with the length-62, while for the NB-IOT system, the base sequence employs a length-11 Zadoff-Chu sequence duplicating within 11 OFDM symbols. In addition, for in-band operation, NB-PSS and PSS lie in different subbands, causing extra overhead. It would benefit from the overhead reduction if the legacy broadcasted signals/channels/info could have been decodable by narrowband UEs.
Considering the synchronization or broadcasted signal for narrowed UEs is truncated from signals for wideband UEs, one special requirement for this approach is that the truncated base sequence should still have a fine auto-/cross-correlation property. In LTE [3], there are two kinds of base sequence: pseudo-random sequence (Gold sequence) and Zadoff-Chu sequence, as illustrated in (1) and (2), respectively.
                                  (1)
                                                                        (2)
From (1) and (2), it can be seen that the former is more applicable for the special requirement, for the elements in the sequence independent on sequence length. 
Based on above discussions, we have the following observation and proposal:
Observation 1: A truncated sequence from a pseudo-random sequence could keep the auto-/cross-correlation properties, while the one from a ZC sequence would lose the auto-/cross-correlation properties thereof.
Proposal 1: The pseudo-random sequence could be the base sequence for NR synchronization signal or broadcasted signal. 
Figure 1 shows one frequency mapping of a synchronization signal. Please note that the absolute value of the length in the Figures has no implication, but is just for illustration of the NR synchronization design principle or approach. In Figure 1, narrowband UEs could not decode the sequence in its spectrum bandwidth or will have difficulty in decoding the sequence if narrowband UEs don’t know the sequence length of wideband UEs. 
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Figure 1 Sequentially frequency mapping of sequence
[bookmark: _GoBack]Another alternative to make both narrowband UEs and wideband UEs decode the same synchronization signal or broadcasted signals is to adjust the base sequence shown in Figure 2, where the legacy base sequence is shifted such that for the new base sequence truncated therefrom for the narrowband UEs start from , while narrowband UEs could have no prior knowledge about wideband UEs. Although possibly for wideband UEs it doesn’t start from , shifting circularly would preserve the auto-/cross-correlation properties of the sequence.
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Figure 2 Shifting frequency mapping of sequence
Proposal 2: To enable narrowband UEs and wideband UEs to decode the same synchronization signal or broadcasted signal with no prior knowledge about wideband UEs at narrowband UEs, the base sequence could be shifted circularly to guarantee the narrowband UEs’ synchronization signal or broadcasted signal to start from the front part of the base sequence.
Conclusions
In this contribution, we discussed about synchronization or broadcasted signals design for NR considering if both narrowed UEs and wideband UEs could decode all or partial the same synchronization or broadcasted signals. Based on the aforementioned discussions, we have the following observations and proposals:
Observation 1: A truncated sequence from a pseudo-random sequence could keep the auto-/cross-correlation properties, while the one from a ZC sequence would lose the auto-/cross-correlation properties thereof.
Proposal 1: The pseudo-random sequence could be as the base sequence for NR synchronization signal or broadcasted signal. 
Proposal 2: To enable narrowband UEs and wideband UEs to decode the same synchronization signal or broadcasted signal with no prior knowledge about wideband UEs at narrowband UEs, the base sequence could be shifted circularly to guarantee the narrowband UEs’ synchronization signal or broadcasted signal to start from the front part of the base sequence.
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