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Discussion
1
Introduction
RAN1#86 made the following agreements for DL beam management [3]:

	Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP


Related to different reciprocity assumptions in beam management procedures the following agreements were reached [3]:

	Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission


In [2], frame structure support for multi-beam based downlink and uplink common control plane are discussed. Downlink and uplink beam sweeping subframes were proposed to enable efficient beam sweeping operation. The beam sweeping subframes are constructed from multiple sweeping blocks. Depending on BS configuration and capability, the BS may transmit/receive signals within a sweeping using one or multiple beams. 
In this contribution design of downlink and uplink multi-beam common control is discussed covering the required functionality and physical signals and channels. 

2
Downlink Multi-beam Common Control Design
DL multi-beam sweeping subframe should provide means for the initial access and the following functionalities:

· NR Cell search

· Cell identification

· Beam search per NR cell

· Beam identification and measurement for beam management and mobility
· Time and frequency synchronization

· Symbol, subframe and frame timing acquisition

· Frequency synchronization

· Essential system information to enable UE’s initial access and BS configuration parameter signalling

· Number of parallel beams, number of beams in total

· PRACH parameters

Signals to provide above functionality are captured in a discovery signal. It comprises:

· Synchronization signals for time and frequency synchronization, and cell identification

· Given the sweeping block structure, each discovery signal should have also signal to indicate the timing of each block within a sweeping subframe to provide subframe timing. This could be provided by separate synch signal or conveyed e.g. in PBCH in each block.
· Beam reference signals for beam identification, measurement, tracking
· Physical Broadcast Channel to convey essential system information

Discovery signal may be transmitted from one or multiple parallel beams per sweeping block transmission depending on BS capability and configuration. Thus, there are different transmission mode options; signals of discovery signal may be transmitted using different beam diversity techniques from SFN to multi-port transmit diversity schemes, for instance:
· Synch signals may be transmitted using SFN approach from parallel beams (i.e. one aggregated sync beam)
· Beam Reference Signals (BRS) uniquely identifying BS beams are transmitted via each beam using orthogonal resources and/or sequences among TRPs of the cell
· Physical Broadcast Channel (PBCH) may be transmitted using multi-port transmit diversity scheme which scales with the number of parallel beams or it may be a combination of transmit diversity and SFN approaches.

Proposal 1: Downlink discovery signalling should be scalable in terms of number of parallel beams and total number of beams at the BS.
Proposal 2: Downlink discovery signalling should support sweeping operation. 

Proposal 3: Discovery signal in multi-beam setup comprises:

· Synchronization signal(s)

· Beam Reference Signals

· Physical Broadcast Channel

In order to minimize system overhead from the periodical DL sweeping subframes, the duration of one sweeping block should be minimized. Thus, discovery signal structure should maximize FDM multiplexing between synchronization signals, beam reference signals and physical broadcast channel and associated demodulation reference signals rather than TDM multiplexing. Due to constraints of the hybrid architecture, different signals of discovery signal are transmitted sharing the same non-frequency selective analog beamformer. Thus, it could be considered for instance reusing beam reference signals as demodulation reference signals for PBCH without need for separate resource elements for demodulation RS. Figure 1 illustrates an exemplary discovery signal structure in multi-beam operation. 
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Figure 1 Example of discovery signal structure in multi-beam operation.

Observation 1: FDM multiplexed signals transmitted through the same TRXU (assuming sub-array architecture) share the same non-frequency selective beamformer.

Observation 2: Within discovery signal comprising both beam reference signals and physical broadcast channel, reuse of beam reference signals as demodulation RS for PBCH could reduce amount of resource elements required.  
Proposal 4: Discovery signal duration should be minimized to support efficient beam sweeping. 

Furthermore, an important aspect in design of NR are the energy saving aspects. E.g. minimizing always-on downlink signals is a clear requirement to minimize BS energy consumption. Ideally, the above described discovery signal would be the only downlink signalling taking place in the cell when there are no active UEs. To maximize the benefit, discovery signal periodicity should be configurable by the network. There could be e.g. normal periodicity used when the cell is in “active” mode and extended periodicity used when there are no active UEs in the cell. Naturally, that has impact on UE procedures like neighbour cell search and mobility measurements which needs to be taken into account. 

Proposal 5: Study possibilities for configurable periodicity for the discovery signal to enable power saving possibilities for the network. 
3 
Uplink Multi-beam Common Control Design
Corresponding to beamformed downlink common control support, beamformed uplink common control is needed. UL multi-beam common control should provide means for BS to perform RX beam sweeping for uplink random access preamble transmissions. Separate UL sweeping subframes are needed, as proposed in [2]. Similar to downlink, BS configuration related to number of parallel beams and total number of RX beams is vendor specific. Thus, uplink beam sweeping for uplink multi-beam common control should be scalable in terms of number of parallel and total number of RX beams at the BS.
Proposal 5: Uplink multi-beam beam sweeping design should support scalability in terms of number of parallel and total number of RX beams at BS.
Periodic signalling is expensive in systems where the number of TXRUs and correspondingly number of parallel beams (assuming narrow RF beams) are limited, i.e. when operating using hybrid architecture. Further, given large system bandwidths, at least at higher carrier frequencies, multiplexing of PRACH, scheduling request (SR) and beam management and UL beam training/tracking related signals, into the same sweeping subframe(s) is seen beneficial.
Observation 3: UL Beam sweeping subframes can be used for UE specific periodic signaling, beam management related signaling and UL beam training/tracking related signals together with PRACH. 
An exemplary structure about multiplexing SR and PRACH within uplink beam sweeping resources is provided in 
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Figure 2 Example of uplink beam sweeping resources used for PRACH and SR signaling.
Similarly to downlink sweeping subframe, sweeping block duration should be minimized to minimize required number of UL sweeping subframes for full sweep. In addition, due to frequent beam switching normal UL data transmissions multiplexed with UL sweeping subframe may not be feasible, at least via beams performing the beam sweeping. On the other hand, minimizing the duration of UL sweeping block would basically mean short PRACH preamble symbol. Assuming e.g. Zadoff-Chu sequence as PRACH preamble number of available cyclic shifts are a function of timing uncertainty, channel delay spread and symbol length. Thus, the number of cyclic shifts per PRACH resource may be quite limited given the short PRACH symbol. Given the large system bandwidths at higher carrier frequencies, the PRACH design should enable high FDM multiplexing capacity of PRACH resources in UL sweeping block to provide feasible PRACH capacity per sweeping block. 
Observation 4: PRACH capacity can be increased within UL sweeping block by stacking PRACH resources in frequency domain. 
4
Conclusion
In this contribution multi-beam common control plane was discussed and the following observations and proposals are made:
Observation 1: FDM multiplexed signals transmitted through the same TRXU (assuming sub-array architecture) share the same non-frequency selective beamformer.

Observation 2: Within discovery signal comprising both beam reference signals and physical broadcast channel, reuse of beam reference signals as demodulation RS for PBCH could reduce amount of resource elements required.  
Observation 3: UL Beam sweeping subframes can be used for UE specific periodic signaling, beam management related signaling and UL beam training/tracking related signals together with PRACH.

Observation 4: PRACH capacity can be increased within UL sweeping block by stacking PRACH resources in frequency domain. 

Proposal 1: Downlink discovery signalling should be scalable in terms of number of parallel beams and total number of beams at the BS.

Proposal 2: Downlink discovery signalling should support sweeping operation. 

Proposal 3: Discovery signal in multi-beam setup comprises:

· Synchronization signal(s)

· Beam Reference Signals

· Physical Broadcast Channel
Proposal 4: Discovery signal duration should be minimized.

Proposal 5: Study possibilities for configurable periodicity for the discovery signal to enable power saving possibilities for the network.

Proposal 6: Uplink multi-beam common control design should support scalability in terms of number of parallel and total number of RX beams at BS.
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