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Introduction
In RAN1 #86, the discussion on “Aspects related to initial access and mobility” was done and the following was agreed[1],
· RAN1 should take at least following requirements into account to design initial access
· Providing at least following functionalities
· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)

· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 
· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part
· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)
· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)
· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)
· In the above study, at least following aspects should be considered:
· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)
· Resource overhead
· UE complexity (e.g. involved with decoding of the information)


In this contribution, we discuss how to transmit the common signal/information (SS, PBCH, essential SI) for initial access and mobility while considering the beam sweeping. Also, we propose a beam specific RS (BRS) for beam management at initial access and mobility. In the following sections, we propose the BRS first, and then discuss how to transmit the common control signal/information including the BRS.

The beam specific RS (BRS)
 The beam specific RS (BRS) is needed for beam management, i.e. selection of the best beam(s) pair between TRP Tx and UE Rx[2][3]. The BRS has to have different sequences or include different IDs for different beams to be distinguishable to UE because the base station transmits multiple BRS simultaneously using multiple beams as shown in the figure 1. The base station has no information on the UE location and the access timing in case of the initial access. Therefore, the BRS should be transmitted periodically with the beam sweeping if the hybrid or analog beamforming is applied. In this sense, the BRS can be also considered as the common signal.
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Figure 1: Simultaneous BRS transmission to multi beam areas

When we consider the role of the BRS, the density of this signal in frequency domain should not be unnecessarily high.

Proposal 1: The beam specific RS, which has different sequence or different IDs, should be defined for beam management.

Transmission of common signal/information
 The common signal/information needs to be transmitted in all areas of a BS. Therefore, the beam sweeping is needed when the hybrid or analog beamforming is applied. Here, the common signal/information means SS, PBCH and essential SI(PBCH and essential SI correspond to “minimum SI” defined in RAN2). Also, BRS, which was discussed in section 2, is included in the common signal/information as well. It is noted that we assume here that SI is semi-statically scheduled via other channel or the location of SI is predefined in specification.
 In this section, we discuss how to transmit the common signal/information, i.e. its allocation and multiplexing both in frequency and time domain. We have to take the time for initial access into account. Moreover, we have to take the overhead into account to prepare the resource for data transmission/reception as much as possible.
 If we consider the overhead, it is better to transmit the common signal/information, which needs beam sweeping, together as much as possible. Figure 2 shows the periodic beam sweeping operation for SS, PBCH, SI and BRS.
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Figure 2: Periodic common signal/information transmission

The beam sweeping consumes time resource. Therefore, it is better that the common signal/information is transmitted in the same transmission timing. Figure 3 shows an example of common signal/information allocation in frequency and time domain within a carrier bandwidth.
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Figure 3: Example of common signal/information allocation(1): wide bandwidth

The example shown in figure 3 assumes that one carrier bandwidth is wide enough to transmit all common signals/information. However, we have not yet discussed the minimum carrier bandwidth and UE capability in RAN1. Figure 4 and 5 show an example of common signal/information allocation in case of narrow carrier bandwidth or low UE capability.
In figure 4, all common signals/information are transmitted to the same direction first, and then the beam direction is changed and all common signals/information are transmitted to the new direction. In figure 5, SS, PBCH and BRS are transmitted to all directions in turn and then SI is transmitted to all directions in turn in different timing block from SS, PBCH and BRS. 
If SS and PBCH can’t be transmitted simultaneously due to narrow bandwidth, they may be transmitted with time multiplexing.
 SS, PBCH and SI are allocated with the same periodicity in figures 3-5. However, their transmission can be skipped according to the necessity of respective signal/information. The vacant time and frequency resource generated by the skipping can be used for the transmission of other channels.
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Figure 4: Example of common signal/information allocation(2): narrow bandwidth
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Figure 5: Example of common signal/information allocation(3): narrow bandwidth

 Table 1 shows the pros and cons of respective allocation option. The allocation 1 is the best choice if wide carrier bandwidth can be used. The allocation 2 leads to more efficient access procedure in terms of UE power consumption than the allocation 3. However, the UE searches SS, PBCH and SI together only at the time of initial access and handover. When we consider it, efficient usage of time resource led by allocation 3 is more important because it affects the system all the time.
 According to the comparison, we think allocation 1 is the best option if we can have wide carrier bandwidth. If not, allocation 3 is the second alternative.


1

Table 1: Comparison of allocation options for common signal/information
	Option
	Pros
	Cons

	Allocation 1
	Time resource usage is the best.
	Wide bandwidth is needed.

	Allocation 2
	No wide bandwidth is needed.
More efficient access procedure can be done in terms of UE power consumption than allocation 3 because of continuous reception of SS, PBCH and SI.
	Time resource usage is inefficient compared with allocation 1.
Time resource usage is worse than allocation 3 if SI periodicity is longer than SS/PBCH periodicity because of discontinuous vacant resource from SI absence.

	Allocation 3
	No wide bandwidth is needed.
Periodicity can be flexibly set for each signal/information.
Time resource usage is better than allocation 2 if SI periodicity is longer than SS/PBCH periodicity because of continuous vacant resource from SI absence.
	Time resource usage is inefficient compared with allocation 1.
Less efficient access procedure can be done in terms of UE power consumption than allocation 2 because of discontinuous reception of SS, PBCH and SI.



Proposal 2: For common signal/information allocation, allocation 1 should be taken if we can have wide carrier bandwidth and allocation 3 should be taken if not.

Conclusion
In this contribution, we proposed the beam specific RS for beam management and discussed the common signal/information allocation in both frequency and time domain.

Proposal 1: The beam specific RS, which has different sequence or different IDs, should be defined for beam management.
Proposal 2: For common signal/information allocation, allocation 1 should be taken if we can have wide carrier bandwidth and allocation 3 should be taken if not.
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