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1 Introduction

At RAN1#86 meeting [1], it was agreed that:
· 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
The group of frequency bands include both below 6GHz and above 6GHz spectrum as described in [1]. In this contribution we focus on the non-standalone operations on initial access, and discuss the overall view of low frequency assisted high frequency operation on initial access. The below 6GHz carrier and above 6GHz carrier will be called LF (low frequency) and HF (high frequency) in this contribution.
2 Discussion 
2.1 Scenario
As described in [1], the HF (e.g., 30GHz) can be deployed in dense urban scenario and at the same time with an overlay deployment with LF (e.g., 4GHz). However, the HF link fragility is always a concern due to sever path loss and random blockages [2]. Therefore, it is challenging to design a robust initial access mechanism for HF in the standalone mode. On the contrary, LF can provide more robust communication with lower pathloss and more coverage. Since initial access is a critical procedure before data transmission, it is necessary to study how to provide a robust HF transmission with LF assistance with reduced complexity and low overhead.
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Figure.1 Two layers LF and HF scenario with ideal and non-ideal backhaul  
The initial access in non-standalone mode can be considered in two different scenarios: ideal backhaul and non-ideal backhaul, as shown in Fig.1. For ideal backhaul, TRPs are connected with optical fiber and the delay between HF and LF is less than e.g. 2.5 us [3]. For non-ideal backhaul, TRPs are connected with microwave, DSL, cable and so on, and the delay between HF and LF may be more than e.g. 5ms [3]. In this case, the delay sensitive signal may become outdated for HF if it was transmitted on LF. Compared to non-ideal backhaul, ideal backhaul is favourable in LF assistance. However, non-ideal backhaul scenario may also exist just like the current deployment. Both two scenarios should be studied for LF assistance. 

Proposal 1: LF assisted HF in initial access should be studied for both ideal and non-ideal backhaul.

2.2 LF assisted HF on/off
To maintain HF connection, UEs may have to continuously perform inter-frequency cell searches and measurements, even if the UE is not within coverage of any HF TRPs, which inevitably quickens consumption of battery power of the user equipment, and causes unnecessary waste. Similarly, when the HF TRP does not serve any users, it still needs to continually transmit a measurement signal and a pilot signal, which also wastes power, and causes interference to other HF TRPs around. Therefore, it is desirable to transmit UL based tracking signal in HF for the HF on/off with the assistance of LF.
We assume that the UE has already be accessed to LF TRP. LF TRP will make the decision whether to turn on HF depending on the availability of HF TRP, UE HF capability, service requirement, etc. One example procedure of turning on HF is illustrated in Figure 2. Specifically, if there are no UEs served by the HF TRP, the HF transceiver of this HF TRP can be powered off by LF to save the energy. 
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Figure 2. Procedures of turning on HF with the assistance of LF
Proposal 2: HF on/off with the assistance of LF should be considered in NR.
2.3 Downlink synchronization
2.3.1 Synchronization signal resource

In LTE, the synchronization signal (SS) resource is predetermined. In NR, especially in HF, new features are required and the SS resource may be designed in a more flexible way. A larger bandwidth is supported to enhance the capacity. With larger bandwidth, the frequency location of the SS may not be fixed [4]. The possible locations of the SS are constrained to some predefined frequencies, and its raster is sparser than the channel raster. This is to lower the UE searching complexity. In fact, in non-standalone mode, the frequency location of SS in HF can be transmitted directly in LF. Besides, the transmission periodicity of SS can be longer for non-standalone carrier so that overhead caused by SS transmission can be reduced [5]. Thus, with more flexible SS resource design in NR, the indication information of SS resource can be transmitted in LF to reduce complexity of UE.
In addition, carrier bandwidth for initial access (mainly for SS) [6] can also be delivered to the UE in LF and the blind detection is not needed.

Proposal 3: Synchronization signal resource information of HF can be signaled or configured to the UE in LF carrier.
Due to the large path loss of HF communication, channel/signal transmission heavily relies on narrow beams and highly directional links. In this case, multiple beams are required to cover the DL coverage area and perform initial access, which is called multi-beam based approach. During multi-beam based access, TRP and UE must perform beam sweeping as to find the best matching TX-RX beams to achieve frame synchronization [7]. 
For the HF frame timing, in standalone mode, the UE may need to do some blind detection of SS with long searching window e.g. in the length of the period between two repetitive SS transmission.  However in non-standalone mode, the searching window or blind detection complexity can be reduced based on information from low frequency, as shown in Fig. 3. For example, the LF TRP can infer the rough UE receive timing difference from the deployment scenario. Then LF TRP can transmit timing difference of LF and HF frame or let UE estimate the LF and HF fame timing difference. 
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Figure 3. Timing difference between LF and HF frame
Proposal 4: Frame timing acquisition of HF assisted by LF should be studied.
2.3.2 Synchronization beams narrow down
If HF layer is overlapped with LF layer, the network can maintain knowledge about UE location based on LF. This location information of this UE can be utilized to narrow down the beams suitable for synchronization signal transmission in HF. Compared to the exhaustive scanning in all beams, the beam sweeping complexity for synchronization can be reduced. Specifically, LF TRP can send the beam subset information to HF TRPs and UE, after the beam sweeping among the subset, the UE decides the best Tx/Rx beam pair. With the assumption of UL/DL channel reciprocity, this beam pair information can be transmitted in LF to the HF TRP, which can be utilized in the uplink access procedure if needed.

Proposal 5: LF location information assistance for HF initial access can be considered. 
2.4 System information transmission

In LTE, system information includes MIB and SIB. MIB includes the DL bandwidth, PHICH-Config information and SFN. PHICH-Config may not exist in NR and can be omitted. The DL bandwidth can be transmitted in LF. With the assumption of frame alignment, SFN can be obtained from LF. But for the case of frame misalignment, the SFN information may be inferred from LF. 

In addition, new elements may be introduced in MIB for symbol number indication if it is not inferred from LF. For example, with SS signal transmitted in successive symbols with different beams. UE could not obtain the symbol number of the SS in LTE way. In this case, some implicit or explicit mechanisms may still need to be transmitted in HF [8]. 

Proposal 6: HF system information transmission with LF assistance should be supported.
2.5 Uplink transmission
In order to assure the robustness of the function provided with uplink access for high frequency, low frequency assistance can be considered. In the non-standalone case, it is assumed that UE access LF first. Thus UL access in HF may not be needed. However there may be large difference on the channel and backhaul condition between LF and HF, some operation e.g. beam acquisition, power control may still be performed on HF. Some other operation can be assisted from LF e.g. timing advance information. The beam acquisition, power control function can be achieved by some kind of UL signal/channel e.g. RACH. 
If there is RACH and it is transmitted in HF, some essential information, such as time and frequency resource of RACH transmission and the index of preamble sequence, etc., could be transmitted in LF by broadcast, system information, control channel, etc.. And random access response (RAR) can be transmitted in LF. 

In addition, considering that the numerology may be different between HF and LF, the timing relationship between essential information transmission and RACH transmission, between RACH transmission and RAR transmission, should be further studied. It should be noted that the above mentioned beam acquisition, power control on HF in non-standalone scenario may also be performed by other signal e.g. SRS transmission. In this case RACH procedure may not be needed and this can be further studied.
Proposal 7: LF assisted HF in RACH procedures impact should be studied.
3 Conclusion

In this contribution we discussed low frequency assisted high frequency operation on initial access. There are the following proposals:
Proposal 1: LF assisted HF in initial access should be studied for both ideal and non-ideal backhaul.
Proposal 2: HF on/off with the assistance of LF should be considered in NR.
Proposal 3: Synchronization signal resource information of HF can be signaled or configured to the UE in LF carrier.
Proposal 4: Frame timing acquisition of HF assisted by LF should be studied.
Proposal 5: LF location information assistance for HF initial access can be considered. 
Proposal 6: HF system information transmission with LF assistance should be supported.
Proposal 7: LF assisted HF in RACH procedures impact should be studied. 
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