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1      Introduction
In RAN#71 meeting, study item [1] was approved to develop requirements and specifications for new radio (NR) systems to support mobile broadband, massive MTC and critical MTC, etc. In the NR systems, it is assumed that the network and the UE are beamforming to achieve high antenna gain to compensate the propagation loss of the high frequency band. Mobility then becomes one of the biggest challenges. In this contribution, we would like to further study what beam support is needed in NR in RAN2. Note that for low frequency band mobility enhancement is not discussed in this contribution.
In this contribution, we use NR and 5G interchangeable. It is assumed that an eNB equipped with multiple RF chain and can form multiple beams toward multiple UEs simultaneously. 
2      Discussion
In this contribution, we would like to discuss overall beam concept and different deployment scenarios that need support in higher layer. 

2.1     Beam concept in 5G

First thing, we would like to look at high level what 5G is different from LTE. One new dimension added is the beamforming capability both at the UE and the Transmission/ reception point (TRP). An eNB may have multiple TRPs (either centralized or distributed). Each TRP can form multiple beams. The number of beams and the number of simultaneous beams in the time/frequency domain depend on the number of antenna array elements and the RF at the TRP. Similarly, the UE is also beamforming towards the TRP(s). UE may support single beam or multiple beams which also depending on the UE capability. 
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Figure 1: Beam concept in 5G
Beam sweep

Since the directional beam naturally results in smaller beamwidth/angular space, to cover 360 degree, the UE or TRP will need to beamform at each direction in TDM manner until all 360 degree is covered. For example, assume each beam width is 15 degree. If the TRP can only form ONE beam simultaneously, it will takes 24 beams sweep to cover 360 degree. 
2.2     Deployment Scenarios
Figure 1 shows the one of the deployment scenarios in 5G including macro and small cells in co-channel (orange) and inter-frequency small cells (green) and 5G beamforming TRP (blue). The UE in 5G is going to need to discover different cell or TRP by performing measurement and handover when in mobility. In general we have the following deployment scenarios:

· Scenario 1: Standalone 5G

· Scenario 2: Non-standalone 5G
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Figure 1: Non standalone 5G with overlay with macro and small cell

UE supported mode in NR
In LTE, UE can be LTE only or Dual Connected to macro and small cell. In NR, beam level is introduced in new RAT (NR). The possible UE mode can be:

· Standalone NR UE: the UE is capable of supporting NR or LTE but cannot support interworking between the NR and LTE. 
· Dual connected NR UE: the UE is capable of connected to (LTE or NR) eNB and NR eNB (similar to DC)
In the above two cases, the UE could be in multiple beams operation (for example, dual beams can be an example of multiple beams):
· Dual beam operation NR UE: Dual beam operations: this is the case where the UE has the capability to form multiple beams. In this case, the UE can connect to multiple beams toward the same eNB or different eNB. Figure 3 shows the two dual beam scenarios: (1) intra-TRP dual beam and (2) inter-TRP dual beam. In intra-TRP dual beam, the UE forms 2 beams and connects to the same serving TRP. In inter-TRP dual beam, the UE dual beams are connected to different TRP. In the latter case, it is also possible to use it for handover purpose. 
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	(a) Intra-TRP dual beam transmission
	(b) Inter-TRP dual beam transmission


Figure 3: Dual beams operation
Mobility

Here are different mobility types that may need to be considered. The UE will need to move between different beams, TRPs, NR-eNBs and in different frequency layers within the NR.  And it may also move in and out of NR in both standalone and non-standalone scenarios. Thus potential mobility type for NR can be listed:

· Intra-TRP mobility

· Inter-TRP mobility

· Inter-NR eNB mobility
We can study these three types of mobility for standalone and non-standalone cases with different UE capability (for example, dual beams UE).
· Inter-RAT handover especially LTE to NR

· Non-standalone beam addition and release

Some of these handover is purely done in physical layer. And many others have RAN2 impact.  

2.3     Consideration of cell and TRP in NR
In LTE, a cell has a global cell ID and a physical cell identifier (PCI). In CoMP, TRP concept was introduced separately to characterize the transmission/reception point for unicast data (e.g. PDSCH/PUSCH)/control channel (e.g ePDCCH). It would be questionable that in NR design, we keep cell and TRP separately similar to LTE. In addition, in NR, use of beam introduces an additional dimension. Then the some of the questions that need to be discussed are:

1. What does a cell mean in 5G? 
2. Does TRP have an identifier?

3. Does each individual beam have an identifier?

4. What is the relation between the cell ID, the TRP ID and the beam ID? 

5. Can the UE derive the TRP ID or cell ID from the beam ID? Which of these can be transparent to UE?
6. Which of these are contained in physical layer and which ones are visible to RAN2 protocols?

7. What does a Global cell ID corresponds to?

2.4     System information block
Although the best beam can be different UE specifically, it is not known to the eNB until the UE is connected to the eNB. Therefore, even in NR, common control signaling esp, SIB can be broadcast targeting to multiple UEs. One simple way would be to send the same SIB data in each beam belonging to the same TRP. In this case, broadcast could be very expensive from the network to the UE. NR design should identify essential information for initial access to broadcast via system information. The other system information can be sent over dedicated signalling to the UE once the RRC connection is established. 
2.5     Measurement and reporting
In current LTE, the UE can perform intra frequency measurement without requiring measurement gap. However, the UE and eNB are expected to beam sweep (i.e changing beam in the time domain), measurement gap might be required for intra-frequency measurement when beam RS are not transmitted in the same subframe. For inter-frequency measurement, similar to current LTE operation, the UE is expected to perform measurement for inter-frequency. Measurement gap is required to support 5G at least for some scenario. Due to beam sweeping, some measurement gap enhancement may need to be considered. 
Measurement reporting in for beams depends on RAN1 design on how to decide the candidate of serving beams.  In most cases, dynamic beam measurement quality reporting and switching will be done in the physical layer. However, in some scenarios discussed in section 2.1 may require the measurement reporting send to the higher layer to perform handover or 5G addition. For example, intra-TRP mobility may not require such reporting in higher layer. On the other hand, inter-eNB handover may require higher layer signaling, data forwarding between eNB etc. Therefore, impact of beam measurement reporting in higher layer may need to be considered.
3      Conclusion
The document provided a brief overview concept of beams for NR and looked at some possible impact to higher layers from introduction of beams.  An initial analysis of some topics that need further discussion is identified.  
Proposal: It is proposed that RAN2 identifies the following topics for further study:

1) Mobility scenarios to be supported

2) Definition of IDs for beam, TRP, cell and global cell ID from higher layer and their relationship

3) Transmission of SIB in a beam based design
4) Measurements and measurement reporting for beam mobility
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