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Introduction
In RAN1#85, beamforming approaches for common/access channels/signals were introduced for NR [1][2][3]. It was agreed that the physical procedures in multi-beam based approaches (e.g. beam sweeping) need to be studied:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
And the agreements come into form that the multi-beam based approaches may be used for initial-access, system-information delivery, RRM measurement/feedback, L1 control channel, etc.:
· ……
· 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
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
· Single/multiple beam can be transmitted/received in a single time instance
· Others are FFS
· ……
In this contribution, we discuss some issues in DL PHY procedures for multi-beam based approaches, e.g. initial access, system information and control signalling delivery.
Time and frequency synchronization for multi-beam based approaches
In the simultaneous multi-beam approaches, different beams can transmit their synchronization signals on the same time instance. Hence the time synchronization procedure analogic to that in the LTE system can be employed. However, in the beam sweeping approach, signal using different beams is transmitted on multiple time instances. Hence UEs in coverage of different beams acquire different timings based on beam-specific synchronization signals. An agreeable time synchronization procedure needs cope with the different offsets between beam-specific timings and cell-specific timing, and enable a UE to acquire cell-specific timing. 
[bookmark: _GoBack]On frequency perspective, we may need to deal with the offsets between the beam-specific center frequencies and the cell-specific center frequency. If the bandwidth of each beam equals to cell bandwidth, the frequency synchronization procedure analogic to that in the LTE system can be employed. However, the user and service capacity could be substantially different in the coverage of different beams. A beam may not need to transmit throughout the full bandwidth of the cell. Actually, transmitting in only a portion of cell bandwidth in a light-loaded beam is helpful to improve the coverage and mitigate the inter-cell interference. 
As the example illustrated in Fig.1, the bandwidth of Beam 2 and Beam 3 are smaller than the cell bandwidth. And the Beam 2 can occupy a smaller bandwidth than Beam 3 due to a smaller user capacity in its coverage. In this case, the center frequency for data/signalling transmissions in Beam 2 and Beam 3 are both different from the cell center frequency. Assuming synchronization signals of all beams are transmitted at the cell center frequency, only the cell center frequency is acquired by a UE during the synchronization procedure. A scheme is needed to enable the UE to derive the “beam center frequency”. 
[image: ]
Fig.1: An example of multiple beams transmitting data/signalling with different bandwidths and center frequencies
Observation 1: In order to support a flexible multi-beam based transmission, the beamformed synchronization signal and procedure should enable a UE to derive the cell-specific timing from a beam timing, and to derive a beam bandwidth/center frequency from the cell bandwidth/center frequency.
System information design for multi-beam based approaches
Firstly, as discussed in Section 2, the beam-specific system information may be needed to inform UE the beam-to-cell timing offset, beam width/center frequency, etc. 
Furthermore, the capacity of UE-specific control channels (as UE-specific search space in the LTE system) in a beam depends on the number of users in the beam coverage (as shown in Fig.2). Hence the time-frequency size of control region should also be beam-specific, and needs to be informed to the UEs, as the PCFICH does in the LTE system. If different beams are TDMed, PCFICH could be reused.
[image: ]
Fig.2: An example of multiple beams transmitting different sizes of control regions
Observation 2: Besides the cell-specific system information, some beam-specific system information may need to be broadcasted to UEs in the beam coverage, e.g. information about the beam timing, bandwidth, control region configuration, etc. 
Control channel design for multi-beam based approaches
The beam-based control channel may consist of the common search space for cell-specific and beam-specific signalling and the UE-specific search space for UE-specific signalling. 
One issue to be considered is whether to simply reuse the cell-based RNTI system or to redesign a beam-based RNTI system. The beam-based RNTIs can be used by a UE to effectively search the cell-specific/beam-specific common signalling and UE-specific signalling. Since different beams can transmit different beam-specific common signallings and UE-specific signallings, the same RNTI set can be reused in different beams.
Observation 3: The beam-based control channel should be able to deliver cell-specific signalling, beam-specific signalling and UE-specific signalling. A redesigned beam-based RNTI system may enable a more effective searching operation.
Conclusions
Observation 1: In order to support a flexible multi-beam based transmission, the beamformed sychronization signal and procedure should enable a UE to derive the cell-specific timing from a beam timing, and to derive a beam bandwidth/center frequency from the cell bandwidth/center frequency.
Observation 2: Besides the cell-specific system information, some beam-specific system information may need to be broadcasted to UEs in the beam coverage, e.g. information about the beam timing, bandwidth, control region configuration, etc.
Observation 3: The beam-based control channel should be able to deliver cell-specific signalling, beam-specific signalling and UE-specific signalling. A redesigned beam-based RNTI system may enable a more effective searching operation.
Proposal: Study the relationship between beam-based procedure (synchronization, system information delivery, control signalling delivery, etc.) and cell-based procedure. Sort out what common signals/channels (synchronization signal, system information, control channel, etc.) need to be redesigned in a beam-specific manner.
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