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1. Introduction
In RAN1 #86 meeting, the discussion on mobility measurement made the following agreements and conclusion
Agreements:
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
Conclusions:
· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study
· RRC driven at ‘cell’ level

· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

· FFS what is the definition of a cell

In this contribution, a two-level multi-beam based mobility management is proposed considering the above aspects.
2. Two-level beam design for multi-beam based approach
In our companion contributions [1] [2], multi-beam based gradual UE-specific initial access procedure and CSI acquisition framework for data transmission are discussed respectively. 
In our contribution [3], we introduced a the two level beam management framework, which consists of broadcast beams in initial access procedure and data-related beams for CSI acquisition and related data transmission, as well as the mobility management therein.
· Level 1: broadcast beam for mobility management
The broadcast beam, discussed in [1], is introduced as the beams on which broadcast information is delivered and is used for covering the whole DL coverage area of a TRP in a predefined manner. 
It is proposed that for multi-beam based initial access procedure, synchronization signals, system information delivery, random access signals as well as RRM measurement are configured using the same predefined set of beamforming weights. In hybrid beamforming framework, this means at least the same analog beam pattern is applied for these signals. 
Proposal 1: 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 beams function at transmission/reception of PSS/SSS/PBCH/RRM RS/PRACH procedure/SIB/paging etc.
· Level 2: data-related beam for seamless data transmission
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 2: 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 beams function at transmission/reception of PDCCH/ PDSCH/ PUCCH/ PUSCH/ SRS/ CSI-RS/ DMRS.
3. Mobility management
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. 
Considering the definition of cell is FFS, in this contribution, cell refers to one or multiple TRPs. The multi-beam based mobility is divided by layer 3 mobility at cell level and L1/L2 mobility that could be transparent to L3. As illustrated in Figure 1, L1/L2 mobility is typically related to beam management/tracking for one or multiple TPRs within a central unit (CU), while L3 mobility is more similar to LTE handover procedure across central units.
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Figure 1 L3 and L1/L2 mobility
· L3  mobility 
In Figure 2, we illustrate the L3 mobility management based on broadcast beams.
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Figure 2 Broadcast beam and L3 mobility
Layer 3 mobility management occurs when UE moves from the coverage area of one cell to another cell and a whole RACH procedure is needed. In this process, UE obtains beam quality for all the broadcast beams by measuring PSS/SSS signals transmitted on all the synchronization signal ports, e.g. port 1, 2, 3, 4, 5, 6, 7 and 8. Cell ID will be detected from the PSS/SSS transmit on each broadcast beam. When a UE moves from cell 1 to cell 2, the obtained cell ID changes from 1 to 2. Similar as LTE cell reselection, the UE performs the whole random access procedure to access to cell 2. The measurement can be based on synchronization signals or new beam measurement reference signals can be defined.
Proposal 3: Layer 3 mobility measurement for the broadcast beams can be based on synchronization signals or new beam measurement RS.
· L1/L2  mobility 
L1/L2 mobility typically used for beam switching/tracking, while the higher layer does not ncecessarily know the exact beam that the UE is served/connected.. For the case that multiple TRPs are connected to a single CU, the beam switch across TRPs can be transparent to higher layers as well.
In this process, UE measures beam quality for the broadcast beams on related RS ports, which can be  synchronization signal ports, RS for MIB/SIB demodulation, or new beam measurement RS ports. For UEs in idle-mode, measurement is performed on all ports, e.g., BB port 1-8 as in Figure 1, while for UEs after access, the measurement can be performed on a smaller set of ports, since some previous measurement results can be used to reduce the measurement overhead. 
An illustration is given in Figure 3, the UE measures beam quality for the broadcast beams on port 3, 4 and port 6, 7, which are transmitted from TRP 1 and TRP 2, this smaller set of beams can be determined from previous initial access procedures for more accurate beam measurement. This set can be configured in L1/L2 based on measurement results. 
As shown in Figure 3, when UE moves from BB 4 to BB3 without changing TRP, there is no need of a whole handover procedure such as new RACH, the UE only needs to receive RAR from port 3 instead as long as the BB 3 and BB 4 are both in the measurement beam set. In case of UE movement between TRP 1 and 2, e.g., from BB 4 in TRP 1 to BB 6 in TRP 2, handover-like procedure may occur between TRP 1 and TRP 2. In the handover-like procedure, the beam on which UE receives RAR can be directly switched between TRPs (e.g., from BB 6 in TRP 1 to BB 6 in TRP 2) without sending random access preamble and thus finishes TRP handover in a L3 transparent way. 
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Figure 3 L1/L2 mobility and seamless data transmission with two-level beam
Proposal 4: L1/L2 mobility measurement for the broadcast beams can be based on synchronization signals ports, RS for MIB/SIB demodulation, or new beam measurement RS, and the beam set can be configured via L1/L2 signalling. The configured L1/L2 ports can be a subset of ports used for L3 mobility measurement.
· Seamless data transmission
While beam measurement is based on broadcast beams, to ensure seamless data transmission, it is proposed that data is transmitted via the UE-specific data-related beam, e.g., port 101 as shown in Figure 3. 
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 decoupled 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 TRP may actually determine data-related beam based on measurement on broadcast beams.

Proposal 5: 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. 

The difference between broadcast beam and data-related 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 TRP may transmit a new beam right between the two reported beams. For another example, a TRP 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 6: 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. 

4. RS design for mobility management
In multi-beam based approach, to support synchronization signals on multiple broadcast beams, one simple way is to linearly scale the resource overhead by repeating the transmission of each broadcast beam on non-overlapping resources, i.e., non-SFN transmission. Figure 4a presents a simple illustration, where PSS/SSS via BB port 1-8 are transmitted in concatenate 16 symbols. Beam quality can be separately measured on the corresponding resource related to the beam to manage mobility. However, as illustrated in this example, this non-SFN design results in 8 times more resource than LTE transmission, which is too resource consuming as the resource needed increases as number of TRP increases and number of beams increases. 
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Figure 4a Illustration of non-SFN synchronization signal transmission
To reduce overhead, SFN transmission can be considered as illustrated in Figure 2b. The synchronization signals transmitted in the same cell but different TRPs can be multiplexed in one resource, e.g., BB 1 and BB 7 (Figure 2) can be transmitted on the same resource since the corresponding beam direction has good spatial separation. However, when SFN transmission is considered, beam planning needs to be carefully managed and how to detect beam ID over by detecting the same synchronization signals over the same resource needs to be further studied.
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Figure 4b Illustration of SFN synchronization signal transmission
Proposal 7: Both SFN and non-SFN synchronization signal transmission needs to be studied, taking into account of how to detect beam ID and resource overhead reduction. 
5. Conclusion
In this contribution, the following proposals are proposed:
Proposal 1: 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 beams function at transmission/reception of PSS/SSS/PBCH/RRM RS/PRACH procedure/SIB/paging etc.
Proposal 2: 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 beams function at transmission/reception of PDCCH/ PDSCH/ PUCCH/ PUSCH/ SRS/ CSI-RS/ DMRS.
Proposal 3: Layer 3 mobility measurement for the broadcast beams can be based on synchronization signals or new beam measurement RS.
Proposal 4: L1/L2 mobility measurement for the broadcast beams can be based on synchronization signals ports, RS for MIB/SIB demodulation, or new beam measurement RS, and the beam set can be configured via L1/L2 signalling. The configured L1/L2 ports can be a subset of ports used for L3 mobility measurement.
Proposal 5: 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. 

Proposal 6: 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 7: Both SFN and non-SFN synchronization signal transmission needs to be studied, taking into account of how to detect beam ID and resource overhead reduction. 
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