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Introduction
[bookmark: _Ref178064866]At RAN#71, a new SI [1] was approved to develop an NR access technology to meet a broad range of use cases and requirements for the next generation. Both the standalone NR deployment and non-standalone NR with LTE/eLTE deployment will be considered. One of the objectives is to support frequency ranges up to 100 GHz [2]. In High Frequency (HF)-NR systems, beamforming is a key enabling technology to compensate the propagation loss through high antenna gain. All the procedures need to be reconsidered due to the introduction of beam-related operations. In this contribution, we discuss the potential RAN2 impacts in HF-NR. 
Discussion
 HF-NR Deployment Scenarios
H-NR cell layout can be categorized considering the following two factors:
1. Whether the high frequency cell is overlapped with the low frequency (LF) cell;
2. Whether the cell is covered by single TRP or multiple TRPs;
The deployment of single TRP and multiple TRPs are described in [3]. Considering the overlapping with LF cells, there are following four potential deployment scenarios. 
1. HF single TRP deployment, none overlapping with LF cells;
2. HF multiple TRPs deployment, none overlapping with LF cells;
3. HF single TRP deployment, overlapping with LF cells;
4. HF multiple TRPs deployment, overlapping with LF cells.
The potential deployment scenarios are illustrated in Figure 1. Furthermore, the deployment scenarios can also consider the characteristics of sparse or dense, indoor or outdoor etc. 
One important issue relevant to the different deployment scenarios is whether the HF-NR can be standalone or not. For none overlapping deployment scenarios, standalone HF-NR is required. For overlapping deployment scenarios, macro-assisted HF-NR through LTE/eLTE tight interworking can be considered.  
Although there are many challenges to support standalone HF-NR system, it can’t be excluded from the NR study phrase. This also aligns the requirements that the new RAT will consider frequency ranges up to 100 GHz and the technical features necessary to enable the NR for both tight interworking and standalone operation in licensed bands should be studied and identified.  
Proposal 1: Both standalone and LTE/eLTE assisted HF-NR should be considered by RAN2. 




Figure 1 Different deployment scenarios with single TRP cell and multiple TRPs cell
In HF-NR, considering the fragile radio condition with fast channel variation, sophisticated beam tracking algorithms to support mobility, difficulties to support broadcast transmission with narrow beams, LTE/eLTE assistance through tight interworking can help to guarantee the coverage and stabilize UE experience. In the early deployment of HF, it is expected that LTE/eLTE will have good coverage, which can be used to transmit system information, control sigallings and the HF-NR can be used for data transmission. 
From RAN2 aspects, some of the issues are specific for standalone HF-NR, such as supporting of broadcast transmission; while some of the issues are common for both standalone HF-NR and non-standalone HF-NR, such as RRM, mobility supporting. 
Proposal 2: Study on LTE/eLTE assisted HF-NR can be prioritized. 
System information transmission
In HF-NR, broadcasting transmission, such as system information, paging, synchronization signalling, should also rely on highly directional transmission instead of omi-directional transmission. It takes a number of times e.g. M, beamformed transmissions to cover the entire area. Thus, both the base station and UE needs to do beam sweeping over a range of angles before those signals are detected. 
Since a periodically configured beam sweeping is used for delivering broadcast information, signalling overhead and power consumption are concerned, since the system information transmission is repeated M times. It is desirable that the system information for broadcasting in HF-NR is as compact as enough to reduce the signalling overhead, which only contains the essential information for initial access. Other system information can be transmitted through dedicated signalling or the transmission is triggered by certain events. 
The tasks for RAN2 are to determine the essential information that needs to be broadcast in standalone HF-NR, considering the limitation of the data rate required to carry that information, which is up to RAN1. For example, at the very low SNR of -10 dB, the Gaussian capacity is log2(1+0.1)=0.1375 bit/sec/Hz, or 27.5 Mbps in 200 MHz system bandwidth. This will determine the broadcast channel (PBCH) overhead required by stand-alone HF-NR. For LTE/eLTE assistance HF-NR, the system information can be broadcast by the LTE/eLTE macro cell. 
Proposal 3: RAN2 should figure out the necessary system information for broadcasting for standalone HF-NR. 
RLM and RLF
Currently, RLM is used to detect the link quality of Pcell/PScell, which is covered by omni-directional beam or a wide beam and is considered as one radio link. For HF-NR with beam operation, the cell is covered by multiple beams and beam switching is performed to maintain the connectivity. One question for RLM is that whether the different beams are considered as one radio link or different radio links, especially when multiple-connectivity with multiple beams is supported. 
There are two potential options: 
· RLM is performed on different beams independently as multiple radio links;
· RLM is performed on different beams jointly as one radio link.
Although it’s up to RAN1 to determine which way to choose and how to perform RLM considering multiple beams, RAN2 needs to consider the necessary procedures for radio link recovery and the conditions to trigger RLF. 
Different from the traditional low frequency that RLF occurs because of deep shadowing, beam switching/tracking failure may also result in RLF for HF with beam operation.  Due to the fast channel variation, it is possible that UE and the network loss the beam between each other if any one of the signalling required for beam switching/tracking is not received timely and correctly. 
Radio link recovery mechanism for those two events may be different. For the first case, the straightforward way is to perform re-establishment, because when UE moves to an area with deep shadowing, other beams may also not available. If there is LTE/eLTE macro cell available with DC-like operation, the data transmission can fall back to macro cell.  For the second case, although re-establishment or fall-back to macro cell is still workable, UE can initiate beam alignment and try to acquire other beams. Although the reason for RLF may be different, a common radio link recovery mechanism is required. 
Proposal 4: RAN2 should consider RLF and radio link recovery mechanism for HF-NR. 
RRM measurement
In HF-NR with beam operation, the cell is covered by multiple beams, and each beam has its own reference signal. Measurement on the beam-specific reference signal is used not only by lower layer for beam administration, but also used for cell-level mobility, such as  cell (re)selection, handover, and SeNB addition/removal with LTE/eLTE macro cells. Since cell-level mobility is performed on RRC, it requires stable and reliable measurement results to evaluate the cell quality. How to utilize the measurement results of the different beams to stand for the overall cell quality for the purpose of cell-level mobility needs to be considered.
Proposal 5: RRM measurement should consider multiple beams to support cell-level mobility.  
When UE performs RRM measurement on different beams, UE can derive a set of measurement results with each element corresponding to one beam. Furthermore, measurement reporting triggering and measurement reporting also need to consider different sets of measurement results belonging to different cells. 
Some kind of consolidation operation on the set of measurement results is needed, which can be used as the metric for measurement report triggering and cell quality evaluation. One straightforward consolidation method is always to pick the best beam. When UE in CONNECT mode, the best beam is selected for measurement report triggering, and finally impact handover decision as well as SeNB addition/removal operation. In IDLE mode, the best beam is used for cell quality evaluation for cell (re)selection. Considering the fast channel variation of HF, the best beam changes very frequently, especially when UE is in high mobility status. If the best beam is used for handover decision, it is expected that both HO failure rate and ping-pong rate will be high. 
For measurement reports, one question is whether RRM measurement results for different beams need to be included in the measurement report. CSI measurements or CSI reports for different beams are available at the network for fast beam switching. RRM decision is made based on overall cell quality with a set of beams, but not the measurement result of individual beam. If some consolidation operations on the set of measurement results are required, UE may report the measurement result after consolidation, but not all the measurement results of different beams to reduce the signalling overhead. 
Proposal 6: RAN2 should study RRM measurement procedure for HF-NR with following aspects:
· Consolidation on the set of measurement results;
· Metric for measurement report triggering;
· Content for measurement report.
Mobility 
Although common procedures applicable for both single TRP and multiple TRPs deployment are desirable for mobility management, some differences between the two scenarios are expected. The most significant difference is that the number of beams considered for cell evaluation. 



          
Figure 2 Set of beams for cell evaluation
For single TRP deployment, the number of the beams in one cell is fixed, e.g. 8 beams with beamwidth of 15 degree to cover a sector and the beam pattern is predicable, which means UE knows exactly which time slot corresponding to which beam. So the set of beams for cell evaluation is very static. UE may measure all the 8 beams and determine whether the cell is good or not through some consolidation operation. 
For multiple TRPs deployment, since the cell is scalable, the number of beams in one cell is unfixed and may vary between different cells. Different from single TRP deployment that UE can measurement all the beams in the corresponding time slot with beam sweeping, UE can only measure part of the beams in one location in multiple TRPs deployment. Furthermore, the criterion to select candidate beams for cell evaluation also needs to be considered. The set of beams for cell evaluation can be all the detected beams, or the beams with RSRP above a threshold, or the best-N beams. So the number of beams for cell evaluation is not static and may change during UE movement. 
Just as mentioned before, cell evaluation based on best beam is not stable and reliable. If the set of beams can be properly selected for cell evaluation, the mobility performance can be improved. Because even if sudden channel degradation occurs on the best beam during the mobility procedure, other candidate beams in the set can be used for connectivity maintenance.
Proposal 7: RAN2 should study the criteria to select the beams for cell quality evaluation. 


Conclusion
Based on the discussion, we think RAN2 should consider both standalone and LTE/eLTE assisted HF-NR with certain priority in the study phrase. 
Proposal 1: Both standalone and LTE/eLTE assisted HF-NR should be considered by RAN2. 
Proposal 2: Study on LTE/eLTE assisted HF-NR can be prioritized. 
Furthermore, following impacts to RAN2 in HF-NR are expected:
Proposal 3: RAN2 should study the mechanisms to reduce the system information overhead for standalone HF-NR. 
Proposal 4: RAN2 should consider RLF and radio link recovery mechanism for HF-NR. 
Proposal 5: RRM measurement should consider multiple beams to support cell-level mobility.  
Proposal 6: RAN2 should study RRM measurement procedure for HF-NR with following aspects:
· Consolidation on the set of measurement results;
· Metric for measurement report triggering;
· Content for measurement report.
Proposal 7: RAN2 should study the criteria to select the beams for cell quality evaluation. 
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