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1   Introduction
In RAN2#94 meeting, some high level guidelines are proposed for the control plane aspects of higher frequency [2]. Following the progress since then, in this contribution, we elaborate on some general considerations to support higher frequency.  
2   Discussion

Synchronization procedure
Before random access procedure can be initiated, the UE should firstly detect the HF cell through beamformed synchronization signals. During the cell detection phase, the UE may only need to find a “good enough” DL beam, e.g. similar to a suitable cell in LTE, to start the procedure.  RAN1 has reached certain agreements regarding initial access and mobility in NR cells 3], including the definition of synchronization signals and channel, NR-PSS, NR-SSS, and NR-PBCH. While they may be of similar multiplexing manner and functionality to RAN2 as LTE’s counter parts,  the periodicity of multiple beam sweeping and UE-TRP beam alignment starts from the very beginning of the synchronization procedure particularly for multi-beam HF scenarios. 
RAN1 also introduced new concepts including SS block, SS burst, and SS burst set, with the latter being composed of multiple of the formers. 
RAN1 Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
The newly introduced concepts and their parameters will impact both RAN1 and RAN2 design on beam and mobility management, initial cell selection, system information delivery, RRM measurement, and paging. Close sync-up between RAN1 and RAN2 is critical at this moment.
Random access procedure
As a part of the synchronization procedure, the random access procedure itself can be used to determine the best beam pair(s) for later data communication.
RAN1 supports multiple RACH preamble formats, and also multiple/repeated RACH preambles in a RACH resource in NR. By transmitting preamble(s) through multiple different beams by the UE and transmitting RAR through multiple beams by the gNB, beam information can be exchanged explicitly or implicitly, and one or multiple candidate DL and UL beams can be narrowed down. The candidate beams could be determined in various ways; e.g., it is possible that one or multiple best DL beams have already been identified by the UE during cell search phase and could be indicated to the gNB implicitly, for example to the UE’s selected beam directions for preamble transmission. The gNB could then transmit RAR to a limited number of DL beams accordingly.
RAN1 agreed that a 4-step RACH procedure, including RACH preamble (msg1), random access response (msg2), msg3, and msg4, is assumed as the baseline for NR from RAN1 perspective; and a simplified RACH procedure, e.g., msg1 (UL) and msg2 (DL), should be further studied. Both msg1 and msg2 may concern multiple UEs due to contention, so they may not be used reliably for beam training, but if needed, msg3 and msg4 can be used to identify the best beam pair for the UE who wins contention. 
To reduce beam training latency during the synchronization and RA procedure, different beam widths may be considered. For example, msg1 and msg2 may prefer using wide beams (at least if the UE has already identified the best DL beams during cell search phase). Msg3 and msg4 may use narrower beams based on beam directions determined from msg1 and msg2. However, even with such enhancements, this legacy RACH procedure may become very cumbersome due to beam sweeping, and certain optimizations may be necessary to take advantage of the reduced contention among UEs due to beam spatial diversity and reduce the overall RACH latency. On the other hand, the being considered 2-step RACH process may not provide a very robust beam alignment process if without careful design. Such optimizations depend on the beam alignment-optimized DL and/or UL synchronization procedures, which are FFS in RAN1 and RAN2.
The general 10 ms latency requirement for access may be difficult to meet on a standalone HF layer (apart from fixed-wireless cases where beam sweeping might not be needed), due to the intrinsic delay of waiting for the beam sweeping pattern.  It may need to be discussed if this requirement applies to the specific case of HF standalone.

Proposal 1: Beam management operations during the synchronization and random access procedure should aim to control initial access latency, UE-side power consumption, and signalling overhead.
RRM measurement and mobility handling
In LTE, the measurement model based on omni-directional RS (CRS) is as in Figure 1:
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Figure 1: LTE measurement model
The Layer 1 filtering is implementation dependent. Generally, the average method is used. The Layer 1 filtering result is an intermediate value, which is used as the input to Layer3 filtering.

In NR, there are two levels of mobility for which RRM needs to be considered: beam level mobility at L1/L2, which is more related to beam signal fluctuation and consequently TRP selections, and MAC/PHY signaling; and cell level mobility at higher layer, which is possibly associated with cell-site changes and more signalling overhead with or without RRC signaling involvement. Beam level mobility focuses on individual beam(s) switching within a single TRP or among different TRPs in a single cell, while cell level mobility focuses on combination of beams across TRPs of different cells. 
RAN2 has agreed that for cell-level mobility:
· RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration
· Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
Note that multi-beam RLM/RLF is also being considered in RAN2. However, despite that “cell” is not completely defined yet in NR, we see there are different aspects for the two levels of mobility. Therefore, we think separate  RRM measurement models and signalling process should be defined. Note that beam level operations may also be limited to beam management without any cell-site changes, for which we may consider it “beam management” rather than “mobility”. Therefore, RRM for different layers of operations should consider measuring single or multiple beam pairs for different level of combinations.
Proposal 2: Different measurement models should be defined separately, e.g., for beam management or beam level mobility and for cell level mobility. The details can be further investigated.
System information and paging handling
When standalone HF cell is deployed, system information and paging message are expected to be transmitted by beamforming to extend coverage. For non-standalone HF, we assume system information and paging would be better supported by the low frequency layer.  The overhead would be significantly high if all system information needs to be beam swept over the entire cell coverage. Therefore, we suggest that only the minimum SI is transmitted by the beam sweeping approach, while on-demand SI is transmitted by designated beam pairs for the UE(s) requesting it.
RAN1#88 [3] has reached the following agreements, which is roughly in alignment with our proposal below:
· For the minimum system information delivery, 

· Part of minimum system information is transmitted in NR-PBCH
The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH
Proposal 3:  Beam sweeping for minimum SI and designated beam transmission for on-demand SIs should be considered if standalone HF cell is to be supported.

In order to have paging message received by the concerned UE, beam sweeping over the cell coverage area is inevitable. With the existence of beam sweeping and the introduction of SS-block, etc., the PO may not be fixed to a single sub-frame due to beam sweeping time. Beam dwell time should be considered, since it is the time available for reception of the paging message if the UE happens to be within this beam.
RAN1 has the following agreements regarding paging channel design:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH
Assuming the general paging framework of LTE is kept, the parameters of PO, PF, and paging cycle should be carefully designed with respect to beam sweeping pattern and the newly introduced SS block, SS burst, and SS burst set in RAN1 [3], in order not to have the UE be awake for too long without the knowledge of its current beam, or taking too much time to discover and select a TRP and re-align its beams with the TRP. It should be guaranteed that the UE could receive the paging message at one or multiple available beams according to the configured PO with minimum awake time, irrespective of its location in the service area and which beam(s) it camps on. It could be imagined that significant complexity exists.
Proposal 4: If standalone HF cell is to be supported, new paging mechanisms have to be designed to guarantee UE’s reception of paging message at available beam with minimum awake time. 
Multi-connectivity and LF layer assistance
In a blocking environment, connectivity to multiple TRPs from one or multiple cells has the potential to improve link reliability. By keeping connections with multiple TRPs, UE or gNB can initiate fast beam switching and TRP selections by layer 1/2 procedures, e.g. adding the target beam or TRP before releasing or simultaneously maintaining the source, instead of triggering a costly L3 mobility. RRC diversity can also be achieved by layer 2 or 3 multi-connectivity to improve signaling reliability, so that handover failure and high-priority information loss rate can be reduced. Additionally, multi-connectivity with HF TRPs provides more candidate beams with high throughput.
Proposal 5: Connectivity to multiple TRPs should be supported to improve link reliability for cells where HF applies. 
In the case of multi-connectivity, an HF cell is constructed by beams that may originate from multiple TRPs. Sweeping beams of synchronization signals, minimum system information, and paging messages can be coordinated among multiple TRPs to reduce interference. A similar approach could improve the reliability of user-plane data, e.g., by sending the same information on multiple beams/TRPs to improve the link budget.  The coordination could be tightly synchronised, e.g. by SFN operation, or based on a looser coordination, depending on deployment options, RAN1 decisions, etc.
Proposal 6: Coordination among multiple TRPs to transmit minimum SI and control messages by beam sweeping should be considered when multiple TRP connectivity is deployed without the overlapped LF layer.
Proposal 7: Coordination among multiple TRPs to deliver user-plane data should be supported.

In contrast, given the assistance of LF layer, most common signals can be transmitted through the LF layer instead. Synchronization signals and SFN information may still need to be transmitted through the HF layer, but the gNB can provide the band, frequency, physical cell identifier, and even coarse synchronization of the HF cell through the LF layer. It could significantly reduce the cell detection time, complexity, and signalling overhead that would be caused by beam swept common signals on the HF cell. Paging could take place on the LF layer, avoiding significant complexity. The LF layer also provides more reliable coverage and cell level mobility handling.  In general, many of the complex issues that are difficult to resolve for standalone HF are ameliorated by having the support of a low frequency layer.
On the other hand, HF layer is naturally suited to the high rate delivery of bursty user-plane data in a short time.  This takes advantage of the high bandwidth available in the HF spectrum, but avoids the problems of longer term reliability and the complexity of beam sweeping operations for common signals. So we believe that operating the UP mainly on the HF layer and common control channels on the overlapped LF layer best exploits the strengths of both frequency layers.

Proposal 8: Multi-connectivity of HF with an overlapped LF layer should be prioritized because it significantly reduces the complexity of standalone HF cell operations and has the benefits for quick time to market deployment.
Proposal 9: In HF operation with overlapped LF, it is better to transmit the common control channels on the LF layer.
If LF and HF layers are provided by different nodes with a non-ideal backhaul in-between, it is natural that DC-like protocol architecture should be employed. When LF and HF are provided by the same NR node, or different nodes with an ideal backhaul, CA-like architecture may be considered instead. In general, there are several factors to consider when determine whether CA or DC should be employed:
· Whether the LF layer is deployed as LTE or NR; if it is LTE, then DC-like architecture is used according to RAN2 agreement.
· Synchronization requirements between LF and HF cells.
· Numerology configuration of the LF layer and HF layer; if significant differences exist, DC-like architecture may be more appropriate.
· What MAC functions are common for the LF layer and HF layer and whether they can be shared; for example, it seems that only multiplexing functions are necessarily common in all situations. For most MAC operations such as scheduling, HARQ, random access, etc., the HF layer cannot easily re-use the LF functions, due to the effects of beam sweeping and the different numerologies, so specific MAC functions operable on the HF and LF layer separately are needed, just like in the DC. Though a CA-like architecture with a common MAC may seem agile to steer user data between LF and HF layers, it is also possible to achieve the same purpose purpose at PDCP layer (e.g., by split bearer) or RRC layer (e.g., with MCG and SCG) instead.
Due to coverage differentiation, the non-collocated scenario may be typical. Also for the flexibility of deployments, numerology and looser requirements of synchronization, DC-like architecture should be the baseline, with the possibility of CA-like architecture in case significant performance improvement can be achieved.
Proposal 10: In the scenario of multi-connectivity HF links with an overlapped LF layer, DC-like architecture should be the baseline, CA-like architecture may also be considered for some NR scenarios.
3   Conclusion
In this paper, some general aspects of higher layer impacts in support of higher frequency deployment are discussed. It is proposed that:
Proposal 1: Beam management operations during the synchronization and random access procedure should aim to control initial access latency, UE-side power consumption, and signalling overhead.
Proposal 2: Different measurement models should be defined separately, e.g., for beam management or beam level mobility and for cell level mobility. The details can be further investigated.

Proposal 3: Beam sweeping for minimum SI and designated beam transmission for on-demand SIs should be considered if standalone HF cell is to be supported.

Proposal 4: If standalone HF cell is to be supported, new paging mechanisms have to be designed to guarantee UE’s reception of paging message at available beam with minimum awake time.
Proposal 5: Multi-connectivity should be supported to improve link reliability for cells where HF applies. 
Proposal 6: Coordination among multiple TRPs to transmit minimum SI and control messages by beam sweeping should be considered when multi-connectivity is deployed without the overlapped LF layer.
Proposal 7: Coordination among multiple TRPs to deliver user-plane data should be supported.
Proposal 8: Multi-connectivity of HF with an overlapped LF layer should be prioritized because it significantly reduces the complexity of standalone HF cell operations and has the benefits for quick time to market deployment.
Proposal 9: In HF operation with overlapped LF, it is better to transmit the common control channels on the LF layer.
Proposal 10: In the scenario of multi-connectivity HF links with an overlapped LF layer, DC-like architecture should be the baseline, CA-like architecture may also be considered for some NR scenarios.
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