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1
Introduction
In Multi-antenna agenda item, the following agreements were reached in RAN1#85 [1]:

	Agreements:
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency

· 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:

· 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
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded


Beamforming and multi-beam beam operation have been discussed and identified as the basis for NR operation to overcome the increasing path loss at higher carrier frequencies. Per above agreements, complementary schemes upon multi-beam operation can be considered. In this contribution we discuss and analyse usability of complementary coverage enhancement methods upon multi-beam operation, particularly from common control signaling point of view. 
2
Background - Common Control Signaling in Multi-Beam System
As discussed in [2], in multi-beam system the BS uses narrow beams to transmit common control signaling throughout the whole cell/sector. Depending on BS capability it may transmit one or multiple beams in parallel. Due to narrow beams for transmission, time domain beam sweeping is required for the full coverage in angular domain. In such a system it makes sense to concentrate signals and channels that require periodical transmission into the same multi-beam sweeping transmissions (sweeping block where FDM among signals is maximized) in order to minimize duration of sweeping to minimize system overhead. Those are for instance: 

· beam reference signal for beam detection, identification, cell/TRP and beam measurements and selection

· synchronization signal(s) for symbol, subframe and frame synchronization, frequency synchronization, cell id determination, etc

· broadcast channel for signaling essential system information enabling UE to perform initial access

Observation 1: In multi-beam operation, signals and channels of downlink common control signaling packed into short transmission blocks where FDM among signals is maximized.
Complementary coverage enhancement options in multi-beam operation

3.1
Power boosting

Power boosting is a way to increase the SNR of desired signals by borrowing power from other signals multiplexed in frequency domain. It is effective in coverage limited environments while in interference limited environment requires typically ICIC in power, time or frequency domain for signals of interest. 

How transparent power boosting of common control signals is, depends on the association between common control signals and dedicated signals. In NR where minimum association, if any, is targeted, power boosting may be implemented in a transparent manner. On the other hand, without CRS type of continuously transmitted reference signals there may be a need to assume certain association between common control signaling and dedicated signaling because of AGC, especially in beam based operation where received power levels may change radically from subframe to another.

At lower carrier frequencies where digital architecture is typically used and data channels can be multiplexed in frequency domain with common control signals, power boosting of common control signals can be done by borrowing power from REs of UE specific RS and data to REs of common control signals.

At higher carrier frequencies where hybrid or analog architecture may be used, common control signaling like synch, broadcast channel and beam reference signals may be multiplexed in frequency domain to limit duration of multi-beam sweeping. As signals are transmsitted via the same beam at a time a relative static power allocation is used among common control signals.

Power boosting also adds into BS implementation complexity. 

Observation 2: Power boosting for common control signaling in multi-beam operation may be less relevant than in single-beam operation. 

3.2
SFN

Both single-TRP and multi-TRP deployments are important for the NR. In multi-TRP scenario, SFN upon multi-beam operation for common control signals can be used to increase coverage and overcome blockages on individual propagation paths between TRPs and UEs. Benefits from SFN largely depend on deployment scenario: in case of large angular domain at each TRP for beam sweeping UE may see only low number of TRP beams at a time because common control signaling beam sweeping cannot be coordinated per UE basis. On the other hand, in scenarios like high speed train scenario at higher carrier frequencies where operation is expected to benefit from SFN operation because of high likelihood of UE seeing multiple beams at a time.

Observation 3: SFN approach upon multi-beam common control plane operation may be more beneficial in scenarios having low angular aperture.

3.3
Repetition

Repetition inherently introduces latency and system overhead if applied on multi-beam sweeping of common control signaling. Repetition here refers to transmitting the same signals via the same beams. Thus, it’s considered that for multi-beam operation other complementary coverage methods should be prioritized over repetition. 

Observation 4: Repetition introduces latency and should not be prioritized. 

3.4
Beam diversity

Beam diversity schemes are considered as most promising complementary options upon multi-beam operation. Different beam diversity schemes can be built upon multi-beam operation for both common control and dedicated signaling. It can apply to both intra- and inter-TRP cases including:

· Single port beam aggregation (SFN approach over multiple beams)

· Could be considered e.g. for synch signals

· Multi-port beam aggregation and transmit diversity schemes over multiple parallel beams

· Could be considered e.g. for PBCH and downlink control channel

· Multi-port scalable transmit diversity schemes over multiple parallel beams

· Could be considered e.g. for PBCH and downlink control channel

Observation 5: Different beam diversity schemes can be built upon multi-beam operation and should be studied further. 

4
Summary

It was observed in above discussion that beam diversity and SFN based methods are seen feasible in multi-beam operation. 

Observation 1: In multi-beam operation, signals and channels of downlink common control signaling packed into short transmission blocks where FDM among signals is maximized. 

Observation 2: Power boosting for common control signaling in multi-beam operation may be less relevant than in single-beam operation.

Observation 3: SFN approach upon multi-beam operation should be studied further.

Observation 4: Repetition introduces latency and should not be prioritized.

Observation 5: Different beam diversity schemes can be built upon multi-beam operation and should be studied further.
Proposal: Beam diversity schemes upon multi-beam operation should be studied further, including SFN. 
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