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1. Introduction
In 3GPP RAN 1 #85 meeting, the following agreements regarding NR MIMO operation have been agreed.
Agreements:

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

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
· ……
· 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
· ……
· 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
· ……

In this contribution, a gradual UE-specific (GUS) initial access procedure using multi-beam based approach is proposed in section 2. Discussions on broadcast beam design in the initial access procedure and data-related beam design are provided in section 3 to manage mobility for multi-beam based approach. Detailed CSI acquisition procedure for data transmission can refer to our companion contribution in [1].
2. Gradual UE-specific (GUS) initial access
In multi-beam based approaches, multiple beams are used for covering a DL coverage area of a TRP. Beam sweeping is one of the possible approaches, where the channel/signal is transmitted/received on multiple beams. When all the channels/signals in the initial access procedure are transmitted using beam sweeping, this will lead to large resource overhead, which may not be tolerable in massive MIMO systems with large number of beams.
To reduce large overhead introduced by beam sweeping initial access, a gradual UE specific (GUS) procedure is proposed, where the coverage of the consecutive steps in initial access gradually evolves from TRP-wide to UE-specific. In the following, the beam operation for each consecutive step, including synchronization signals, system information delivery and random access channel are introduced and the whole procedure is illustrated in Figure 1. 
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Figure 1 Gradual UE-specific (GUS) initial access procedure
1.1.  Synchronization signals
For synchronization signal, since this is the very first signal for a UE before it has any information about the system, no prior information is available. In the proposed GUS initial access procedure, synchronization signals are transmitted on the multiple beams formed at each TRP. As illustrated in Figure 1, for the very first step, signals are sent via beams that cover the whole DL coverage area. These beams can be analog or digital depending on the TRP configuration and can be transmitted on multiple time instances over multiple frequency resources.
1.2. System information delivery
After synchronizing to a system, the UE can start receive system information. In LTE system, the system information also needs to cover the whole DL coverage. However, as stated before, it may be too resource consuming to still ensure whole coverage of all system information in the NR multi-beam based procedure, thus promoting the design of separating system information delivery into two gradual transmission steps.  
As shown in the second step in Figure 1, system information is also transmitted via multiple beams that cover the whole DL coverage area.  Different from LTE system, the system information transmitted in this step only include basic information required for all UEs (IDLE and RRC_CONNECTED). Other system information that can be aquired after random access can be transmitted afterwards via more specific beams, which will be addressed later in step 4 as shown in Figure 1.
1.3. Random access channels
For random access process, whether single-beam or multi-beam based transmission is supported at UE side needs more justification and depends on UE antenna configurations. 

In the access process, UE accesses to the network and meanwhile, TPR manages to obtain the optimal beam information that is explicitly reported or implicitly indicated in the random access signal, such as based on the selected PRACH resource in time or frequency domain. After this step, the optimal transmit beam is known at the TRP side. Thus for the consecutive steps, beam sweeping can be reduced to use the only optimal beams for transmission thus achieving UE-specific random access response. 
1.4. System information delivery after random access
As stated in subsection 2.2, system information is divided into two parts, including basic information required by all UEs regardless of their connectivity status, as well as the information required only for UEs after random access. Using the optimal beam information obtained in previous step, TRP also sends the UE-specific system information via UE-specific beams. Compare to the beam sweeping procedure where the whole DL coverage are covered, in this step, only UE-specific coverage needs to be ensured, completing GUS initial access.
To sum up, in this section, we have proposed the GUS initial access procedure using multi-beam based approach; the main design principle for this framework is a gradual process, where beam sweeping provides whole coverage of a TRP at the very first steps and coverage area gradually evolves from whole coverage to UE-specific coverage area.
Thus, we make the following proposal:
Proposal 1: The very initial access channel can be based on beam sweeping covering whole coverage area of a TRP. The coverage of following channels may be more and more UE-specific, i.e., a Gradual UE-Specific (GUS) initial access framework is proposed. 
3. Multi-beam based mobility management
In multi-beam based approach, measurement of beam quality for mobility management is a new area to be studied and some new requirements may be needed. In this section, we explain the principle in beam design in the GUS initial access procedure, as well as the related shared channel beam from the perspective of mobility.
1.5. Broadcast beam design: GUS with predefined set of beamforming weights
The information transmitted in GUS initial access procedure (synchronization signals, system information and random access information) is in fact broadcast information although they can be transmitted on UE-specifically selected beams. Therefore, the beams on which the broadcast information is delivered need to cover the whole DL coverage area of a TRP in a predefined manner, which is implemented by a predefined set of beamforming weights. 
Each weight in the set corresponds to an analog beam pattern that covers a certain DL area. Within the GUS initial access procedure, this set is consistently used at TRP in the consecutive steps, i.e., synchronization signals transmission, system information transmission, random access signals reception and random access response transmission. After UE sends signal in the random access channel, the TRP can know that which weight is preferred by the UE for its downlink transmission. Then in the following procedure, this exact weight selected by the UE is used for transmission, thus implementing GUS procedure.
Proposal 2: For multi-beam based initial access, synchronization signals, system information delivery, random access signals as well as RRM measurement are configured using the same predefined set of beamforming weights, i.e., the same analog beam. The broadcast beam includes transmission/reception of PSS/SSS/PBCH/RRM RS/PRACH procedure/SIB/paging etc.
1.6. Data-related beam: self-contained
For data related control and shared channel transmission, detailed beam training and CSI acquisition procedure can refer to our companion contribution in [1].
One design principle to mention is that similar as initial access procedures, to maintain beam training reciprocity, the data related control channel (e.g. PDCCH, PUCCH), shared channel (e.g. PDSCH, PUSCH) as well as channel measurement RSs (e.g. SRS, CSI-RS, DMRS) need to be configured under the same analog beam pattern. Within the same beam, all the functions including control information, data transmission, channel measurement and reporting can be implemented, forming a self-contained beam transmission.
Proposal 3: Self-contained beam for data related transmission is configured, where data related control channel, shared channel as well as CSI measurement RSs are configured using the same analog beam pattern. The data-related beam includes transmission/reception of PDCCH/ PDSCH/ PUCCH/ PUSCH/ SRS/ CSI-RS/ DMRS.
The difference is that, instead of predefined set of beamforming weights as in the initial access procedure, in the data related transmission, UE-specific beamforming can be performed for more accurate and UE-specific data transmission.or for a better MU transmission. The beams can point at a particular UE by using the channel information measured and reported in the initial access or beam management process. For example, if a UE reports similar beam quality for two beams, the eNB may transmit a new beam right between the two reported beams. For another example, an eNB can calculate zero-forcing beamforming weights based on the beam index reported by two UEs. In either cases, the data-related beam can be transmitted with a precoder different from broadcast beams. Therefore it is proposed that:

Proposal 4: From specification perspective, there is no linkage between the beamforming weights for broadcast beam and data-related self-contained beam. In other words, the channels in broadcast beam and the channels in data-related self-contained beam cannot share reference signals. 

One example of the above proposal is, the RS used for broadcast beam is named port 1,2,3,4,..10 (each one corresponds to one beam), while the RS used for data-related self-contained beam is named port 101. Note that port 101 may include multiple sets of RS such as CSI-RS, DMRS, SRS etc, and port 1 may include PSS/RRM measurement RS etc. Here it is emphasized that port 101 and port 1 occupies different time/frequency resources, and port 2 uses another time/frequency resources, and so on.
1.7. Mobility management
From the above design, we have provided a two-layer beam design for the multi-beam based transmission. In the GUS initial access, broadcast beams use a set of predefined weights, while in the data-related transmission, data-related beams are self-contained and UE-specific. 
From mobility perspective, it is proposed that the beam quality (RSRP-like) for mobility management is measured on broadcast beam, and data-related beam is decoupled from broadcast beam. 
In Figure 2, we illustrate the two-layer beam design. In the initial access procedure, UE measures beam quality for all the broadcast beams formed at two TRPs., e.g., port 1,2,3,4,5,6,7,8. Data is transmitted via the UE-specific data-related beam, e.g., port 101. When UE moves without changing TRP, a UE may be configured to measure on a different set of beams, but there is no need of a whole handover procedure such as new RACH. In case of UE movement between TRP 1 and 2, handover-like procedure may occur between TRP 1 and TRP 2. In the handover-like procedure, the beam on which UE receives random access response can be switched between TRPs (e.g., from BB 3 in TRP 1 to BB 6 in TRP 2) and thus finishes TRP handover. 
Either UE moves between beams or TRPs, the port used for data-related self-contained beam can be always port 101. In such a way, data transmission is decouple from TRP/cell concept, and an ultra flexible data transmission can be allowed, such as dynamic switching between beams either in one TRP or from different TRPs, and possible joint transmission from multiple beams/TRPs is supported in a spec transparent manner.  What UE needs to do is just measure beam quality on broadcast beams, and from spec point of view, the data transmission is independent from broadcast beams. although the eNB may actually determine data-related beam based on measurement on broadcast beams.
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Figure 2. Two-layer beam design for mobility management
Thus we make the following proposal:
Proposal 5: Beam quality for mobility management is measured on broadcast beam, and data-related beam is decoupled from broadcast beam and TRP/cell concept. In such a way, dynamic switching or joint trnansmission between multiple beams/TRPs may be done in a spec transparent manner.
4. Conclusion
In this contribution, the potential need for control channel beamforming is discussed. The following proposals are proposed:

Proposal 1: The very initial access channel can be based on beam sweeping covering whole coverage area of a TRP. The coverage of following channels may be more and more UE-specific, i.e., a Gradual UE-Specific (GUS) initial access framework is proposed. 
Proposal 2: For multi-beam based initial access, synchronization signals, system information delivery, random access signals as well as RRM measurement are configured using the same predefined set of beamforming weights, i.e., the same analog beam. The broadcast beam includes transmission/reception of PSS/SSS/PBCH/RRM RS/PRACH procedure/SIB/paging etc.

Proposal 3: Self-contained beam for data related transmission is configured, where data related control channel, shared channel as well as CSI measurement RSs are configured using the same analog beam pattern. The data-related beam includes transmission/reception of PDCCH/ PDSCH/ PUCCH/ PUSCH/ SRS/ CSI-RS/ DMRS.
Proposal 4: From specification perspective, there is no linkage between the beamforming weights for broadcast beam and data-related self-contained beam. In other words, the channels in broadcast beam and the channels in data-related self-contained beam cannot share reference signals. 
Proposal 5: Beam quality for mobility management is measured on broadcast beam, and data-related beam is decoupled from broadcast beam and TRP/cell concept. In such a way, dynamic switching or joint transmission between multiple beams/TRPs may be done in a spec transparent manner.
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