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Introduction
[bookmark: _GoBack]In RAN1 #85, the discussion on multi-antenna scheme for new radio interface was started and the following was agreed[1],
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible


In this contribution, we discuss the necessity of the beam sweeping and the other aspects while considering initial access and mobility procedures. In the following, we have a discussion based on multi-beam approach. Single-beam approach is considered as a special case of multi-beam approach.
Discussion on beam sweeping and other aspects
 In this section, we discuss the necessity of the beam sweeping and the other aspects. The discussion is done for standalone operation and non-standalone operation, respectively. Here, we define the standalone and non-standalone operation as follows.
	Standalone: Both C-plane and U-plane are treated in a NR base station
Non-standalone: Only U-plane is treated in a NR base station (LTE base station is a master base station and NR base station is a secondary base station)

2.1 Standalone operation
 Firstly, we discuss the necessity of the beam sweeping operation on each signal/channel and then, discuss other aspects needed for executing initial access and mobility procedures.
(a) SS/PBCH
All UEs in a surrounding area of a base station try to receive these signals/channels for initial access or handover. The base station has no information on the UE location and the access timing. Therefore, the beam sweeping at the base station is needed and it should be done periodically as already mentioned in [2-4]. Figure 1 shows an example of DL periodic beam sweeping at the base station. The time unit for one beam direction group in the beam sweeping can be shorter than the one for data transmission/reception.
(b) System Information
Essential system information (e.g. SIB1 and SIB2) should be periodically transmitted with the beam sweeping because UEs which have just acquired synchronization need these SIs and a base station has no information on the UE location.
Other system information might be transmitted only after a UE established a connection or when the contents of the system information changed. Therefore, aperiodic beam sweeping at the base station is needed for these SIs if we consider minimizing signaling load with always-on. As an alternative solution, dedicated signaling can be considered.
 (c) Beam specific RS
The beam specific RS (BRS) is needed for a measurement for a beam determination (i.e. initial access and handover) and a beam change. Therefore, it has different sequences or includes different IDs on different beams to be distinguished by UEs. The base station has no information on the UE location and the access timing in case of the beam determination. Therefore, the beam sweeping at the base station is needed and it should be done periodically. 
For the beam change, it is not necessary to apply beam sweeping to all directions because the base station knows the location of the UE in connected state. However, the sweeping should be performed for all directions because almost all directions will eventually require sweeping if we consider that the measurement for multiple UEs in various directions must be done. Regarding the periodicity of the BRS transmission for a measurement for the beam change, it can be longer than the one for the beam determination if high-speed beam change is not required. As an alternative way, we can define the periodicity of the measurement at UE independently of the periodicity of the BRS transmission with the beam sweeping at the base station.
 (d) Preamble on PRACH
All UEs in a service area of a base station might transmit a preamble signal on this channel for initial access. The beam sweeping at the base station is needed and it should be done periodically because of the same condition as SS/PBCH. Figure 1 also shows an example of UL periodic beam sweeping at the base station. Duration of time unit for UL beam sweeping might be longer than one for DL beam sweeping when we consider it is used for receiving PRACH.
For handover, the beam sweeping is needed only when a neighbor base station requests the handover. However, the aperiodic beam sweeping operation can be considered as a subset of the periodic beam sweeping operation for initial access.
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Figure 1: Example of periodic beam sweeping at a base station

Proposal 1: DL and UL periodic beam sweeping should be applied for SS, PBCH, essential SIs, Beam specific RS, and PRACH respectively.
Proposal 2: DL aperiodic beam sweeping should be applied for other SIs. Or dedicated signaling for the other SIs should be studied.

 Figure 2 shows an example of initial access procedure. Information on the number of sweep time units N for covering all areas is needed for a UE to know how many times it should measure BRS, etc. The information can be on PBCH for instance. At least, it should be on the channel which a UE can access in early stage.
A UE transmits a preamble signal only one time in selected beam/timing according to the measurement although a base station tries to receive the signal in multiple timings with beam sweeping. However, if the UE gets equivalent signal quality level among multiple beams from the measurement, it can transmit the preamble signal multiple times, leading to robust initial access procedure.

Proposal 3: The signaling of the number of sweep time units N and the multiple times transmission of the preamble signal should be applied.
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Figure 2: Example of initial access procedure

Figure 3 shows an example of handover procedure. It is similar to initial access procedure in layer 1 level. The number of sweep time units N and the multiple times transmission of the preamble signal can be applied to handover procedure as well.
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Figure 3: Example of handover procedure

Figure 4 shows an example of the beam change procedure. A beam sweeping operation for the beam change can be common to the one for the beam determination. However, a periodicity of the measurement in a UE can be longer than the one of the beam sweeping at a base station. It can be scheduled to the UE after having a connection to the base station.
In the figure, “beam measurement report” and “beam change command” associated with the beam change procedure are described. We should discuss which layer should do these signaling. Also, we should discuss if “beam change command” signaling to a UE is needed or not. There are two candidates as a beam change type. One is that a UE is aware which beam it receives signals with. Another one is that a UE is not aware of it.

Proposal 4: We should discuss whether “beam change command” signaling to a UE is needed and whether “beam measurement report” and “beam change command” (if necessary) signaling is done in layer 1 level or not.
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Figure 4: Example of beam change procedure

2.2 Non-standalone operation
 Similarly to standalone operation, we firstly discuss the necessity of the beam sweeping operation on each signal/channel and then, discuss the other aspects needed for executing initial access and mobility procedures.
(a) SS/PBCH
The condition is the same as standalone operation. A secondary base station has no information on the UE location and the access timing. Therefore, the periodic beam sweeping is also needed.
(b) System Information
The periodic beam sweeping is needed if a secondary base station transmits the essential system information (e.g. SIB1 and SIB2) because UEs which have just acquired synchronization need these SIs and the secondary base station has no information on the UE location. Also aperiodic beam sweeping is needed for other SIs. It is similar to the standalone operation.
However, the beam sweeping is not needed if a secondary base station doesn’t transmit the system information but only uses the information transmitted by a master base station. Therefore, we should discuss whether the secondary base station transmits the system information in non-standalone operation. If no, we can omit the study on how to manage beams for SI transmission.

Proposal 5: We should discuss whether a secondary base station transmits the system information in non-standalone operation.

(c) Beam specific RS
The condition is the same as standalone operation. A secondary base station has no information on the UE location and the access timing. Therefore, the periodic beam sweeping is needed.
(d) Preamble on PRACH
A secondary base station needs to do the beam sweeping if the secondary base station has no information on a UE location. Therefore, the operation is the same as the standalone operation. However, we can consider the following options depending on the condition.
First option is the aperiodic beam sweeping. If the preamble transmission is limited to the procedures of initial access and handover, radio resource can be used efficiently. In this case, the access timing by a UE can be informed to the secondary base station via a master base station and then, an aperiodic beam sweeping is enough. Therefore, what we should discuss is whether the autonomous preamble transmission, e.g. triggered by RRC connection re-establishment, is permitted or not. This is another possible case the UE transmits the preamble signal. If it is permitted, the periodic beam sweeping is needed because the secondary base station doesn’t know the access timing by the UE. However, if it is not permitted, we can have efficient resource usage because an aperiodic beam sweeping is enough to receive preamble signal. The UE can inform the status to the master base station if the UE needs to transmit a preamble signal to the secondary base station.
 Second option is the specific beam pointing. In the case that preamble transmission is limited only to initial access and handover procedure, a secondary base station can focus on certain directions if the information on direction is obtained in advance from measurement results and signaled to the secondary base station via the master base station. Therefore, the beam sweeping is not needed in this case.

Proposal 6: We should discuss whether the autonomous preamble transmission to a secondary base station by a UE (e.g. triggered by RRC connection re-establishment) is permitted or not.
Proposal 7: If it is not permitted regarding the proposal 6, UL aperiodic beam sweeping can be applied for PRACH. Further, the possibility of the specific beam pointing using measurement results should be studied instead of the aperiodic beam sweeping.

Figure 5 shows an example of initial access procedure in a case that the transmission of the preamble is limited to initial access or handover (S-BS addition/change). In such case, only the aperiodic beam sweeping at the secondary base station is done. The signaling of the number of sweep time units N and the multiple times transmission of the preamble signal can be applied in non-standalone operation as well.
The handover procedure (S-BS change) can be very similar to initial access procedure (S-BS addition).
The beam change procedure can be the same as figure 4. Similarly to standalone operation, we should discuss which layer should do the signaling (“beam measurement report”, “beam change command”) and its necessity.
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Figure 5: Example of initial access procedure(S-BS addition)

Conclusion
In this contribution, we discussed the necessity of the beam sweeping and the other aspects for standalone operation and non-standalone operation, respectively. We proposed the following proposals 1 to 4 which are common to both standalone and non-standalone operation. Also the following proposals 5 to 7 were proposed to be discussed/studied.

Proposal 1: DL and UL periodic beam sweeping should be applied for SS, PBCH, essential SIs, Beam specific RS, and PRACH respectively.
Proposal 2: DL aperiodic beam sweeping should be applied for other SIs. Or dedicated signaling for the other SIs should be studied.
Proposal 3: The signaling of the number of sweep time units N and the multiple times transmission of the preamble signal should be applied.
Proposal 4: We should discuss whether “beam change command” signaling to a UE is needed and whether “beam measurement report” and “beam change command” (if necessary) signaling is done in layer 1 level or not.
Proposal 5: We should discuss whether a secondary base station transmits the system information in non-standalone operation.
Proposal 6: We should discuss whether the autonomous preamble transmission to a secondary base station by a UE (e.g. triggered by RRC connection re-establishment) is permitted or not.
Proposal 7: If it is not permitted regarding the proposal 6, UL aperiodic beam sweeping can be applied for PRACH. Further, the possibility of the specific beam pointing using measurement results should be studied instead of the aperiodic beam sweeping.
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