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1   Introduction
The Study Item on new radio access technology for the next generation wireless system was approved at RAN#71 [1]. The NR will consider frequency ranges up to 100GHz. Beamforming is an essential means to enhance cell coverage due to large attenuation with high frequency radio propagation. In RAN2#94 meeting, some high level guidelines are proposed for the control plane aspects of higher frequency [2]. In this contribution, we further elaborate on some general considerations to support higher frequency.  
2   Discussion

Random access 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. Random access procedure can be used to determine the best beam pair for later data communication. For example, by transmitting preamble through multiple different beams by the UE and transmitting RAR through multiple beams by the eNB, beam information can be exchanged explicitly or implicitly, and one or multiple candidate DL and UL beams can be narrowed down. It is possible that one or multiple best DL beams have already been identified by the UE during cell search phase. The UE may notify eNB that information implicitly, e.g., by transmitting preambles to beam directions according to channel reciprocity based on the identified DL beams. The eNB may transmit RAR to a limited number of DL beams accordingly. The UE and the eNB may also form Rx beams for better reception performance. 
RAN1 agreed that a 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 are common signals and may concern multiple UEs, while msg3 and msg4 can be further used to determine the best beam pair dedicated for the UE(s) who win the contention. To reduce beam training latency during the synchronization and RA procedure, different beam widths may be considered, e.g., msg1 and msg2 may prefer using wide beams, or use narrower beams if the UE has already identified the best DL beams during cell search phase. Msg3 and msg4 may use narrower beams within the scope of DL/UL beams determined during the phase of msg1 and msg2. However, this legacy RACH procedure given beam sweeping may become very cumbersome, and certain optimizations may be necessary to take advantage of the reduced contention among UEs due to beam spatial diversity to reduce the overall RACH latency. Such optimizations should be further based on any beam alignment-optimized DL and/or UL synchronization procedure as FFS by RAN1, e.g., a swapped DL and UL synchronization procedure for UE-side power saving or any PRACH-related optimization.
Proposal 1: Random access procedure may accompany beam management operations. Means to reduce latency and signalling overhead should be considered.
RRM measurement and mobility handling
Reference signal for RRM measurement (RRM_RS) for mobility is transmitted by beamforming. Whether RRM_RS for different beams are identical or different is a RAN1 issue. It is reasonable that beam level dynamics is invisible to RRC. It can be assumed that RRM measurement here only needs to concern cell level mobility. How to average/filter measurement results in different beams needs to be investigated. For example, the UE may always select the highest/average RSRP for each sample if the UE can receive multiple different RRM_RS resources for a measurement sample. A measurement sample may concern a time window according to RRC configuration or an eNB triggered measurement opportunity. For the measurement report, UE can report layer 2 or layer 3 (L2/L3) filtered RSRP of the cells or individual beams, or functions of multiple beams, for example. Based on the report, eNB determines whether UE needs to be handed over to other cells or remain in the serving cell. UE controlled cell level mobility can also be supported by this scheme.
RAN1 has agreed to support the DL based RRM measurement at least. RRM measurement for multi-beam based operation is FFS. It may impact UE measurement configurations and UE measurement behavior. UL based measurement has the potentials to reduce UE-side power consumption, RS overhead, handover latency, and signaling overhead for mobility, and to improve robustness in some scenarios. The combination of DL and UL based measurements can be utilized to improve robustness, flexibility, and efficiency.
Proposal 2: Beam may not need to be visible to RRC regarding RRM measurement for mobility. Combination of DL and UL based measurement should be supported.
System information and paging handling
When standalone HF cell is deployed, system information and paging message have to be transmitted by beamforming to extend coverage. (For non-standalone HF, we assume system information and paging would be 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. It should be considered that SIs are divided into essential SIs and non-essential SIs. Only essential SIs are transmitted by the beam sweeping approach.
Non-essential system information may be transmitted on demand, e.g. triggered by UE or eNB and only transmitted by specific beams.  RAN1 agreed to study the single beam and multi-beam approaches for synchronization signals, random access channels, system-information delivery, RRM measurement and feedback, L1 control channel, etc., employed at TRPs. Single/multiple beam can be transmitted/received on multiple time instances in finite time duration or in a single time instance. RAN2 should study L2/L3 related procedures and signaling support.
Proposal 3:  Beam sweeping for essential SI and on-demand transmission for other 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. The PO may not be fixed to a single sub-frame due to beam sweeping time. Beam dwell time should be considered. The dwell time is the time during which UE can complete reception of the paging message if the UE happens to be within this beam. The parameters of PO, PF, and paging cycle should be carefully designed in order not to have the UE be awake for too long without the knowledge of its current beam. It should be guaranteed that the UE could receive the paging message at any beam according to the configured PO with minimum awake time. It could be imagined that significant complexity exists.
Proposal 4: New paging mechanisms have to be designed to guarantee UE’s reception of paging message at any beam with minimum awake time if standalone HF cell is to be supported. 
Multi-connectivity
Blockage is an important issue identified for HF cell, resulting in sudden SINR drop, etc. How to quickly detect such situation and remedy it is a key to solve this problem. False alarm should be avoided, e.g. too early handover resulting from a temporary drop in SINR. Multi-connectivity has the potential to improve link reliability. By connections with multiple TRPs from the same cell or different cells, UE or eNB can initiate fast beam switching by layer 1/2 procedures instead of triggering L3 mobility. RRC diversity can be achieved to improve signaling reliability so that handover failure and high-priority information loss rate can be reduced. Multi-connectivity with HF TRPs provides more candidate beams with high throughput. Low frequency (LF) assisted multi-connectivity provides guaranteed coverage layer as a fallback due to RLF of all connected HF TRPs.
Proposal 5: Multi-connectivity should be supported to improve link reliability for cells where HF applies. 
RAN1 agreed that both intra-TRP and inter-TRP beamforming procedures are considered. In the case of multi-connectivity especially without an overlapped LF layer, a HF cell may be constructed by beams from multiple TRPs. Beams of synchronization signals, essential system information like MIB and paging messages can be coordinated among multiple TRPs to reduce potential interference. Each TRP may only need to sweep through the beams for part of the cell coverage. As depicted in Figure 1, the timing, frequencies, directions, and coverage areas for beamformed common signals are coordinated among multiple TRPs to reduce the potential interference. The TRP that needs to transmit non-essential system information may vary at different periods according to UE position. 
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Figure 1: Timing and coverage area coordination among multiple TRPs in one cell
A similar multi-connectivity approach could help with the reliability of delivering 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. SFN operation, or potentially based on a looser coordination depending on deployment options, RAN1 decisions, etc.

Proposal 6: Coordination among multiple TRPs to transmit essential SIs and paging messages by beam sweeping should be considered when multi-connectivity is deployed without the overlapped LF layer.
Proposal 6bis: Coordination among multiple TRPs to deliver user-plane data should be studied further.

With the assistance of LF layer, it may be possible that most of the common signals can be transmitted through the LF layer. Synchronization signals and SFN information may still need to be transmitted through the HF layer. eNB can provide the band, frequency, physical cell identifier, and even rough timing of the synchronization signal of the HF cell  through the LF layer. It could significantly reduce the cell detection time, complexity, and signalling overhead due to beamformed common signals on the HF cell. Paging does not need to be supported on HF layer and hence the significant complexity can be avoided. LF layer also provides more reliable coverage and cell level mobility handling.
On the other hand, HF layer is naturally suited to the high rate delivery of 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 potential complexity of beam sweeping operations for common signals.  So we consider that operating HF multi-connectivity as mainly a UP layer, with the common control on the overlapped LF layer, best uses the strengths of both frequency layers.

Proposal 7: Multi-connectivity with overlapped LF layer should be prioritized because it can significantly reduce the complexity of standalone HF cell operations and has the benefits for quick time to market deployment.
Proposal 7bis: In HF operation with the overlapped LF layer, the common signals can be transmitted on the LF layer.
It should be discussed whether DC or CA like protocol architecture should be employed. It seems that principles in LTE are still valid to determine whether CA or DC like architecture according to the backhaul status. If LF layer and HF layer are provided by different nodes and the backhaul between them is non-ideal, it is natural that DC like protocol architecture should be employed. When LF layer and HF layer are provided by the same node, or different nodes with ideal backhaul, CA-like architecture may be considered instead if both layers are NR. 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 difference exist, DC like architecture may be more appropriate; CA-like architecture may also be possible if the backhaul is ideal and both layers have  scalable and similar configurations and channel structure;
· How many common MAC functions are needed for the LF layer and HF layer; For example, it seems that only multiplexing functions are necessarily common. For scheduling, HARQ, random access etc, specific MAC functions at the HF layer are needed if considering beam related operations. A common MAC may seem agile to steer user data between LF and HF layers. However it is also possible to achieve this purpose at PDCP layer (e.g., by split bearer) or RRC layer (e.g., with MCG and SCG).
Due to coverage differentiations, non co-located scenario may be more dominant. Also considering the flexibility of deployments, numerology and loosen requirements for synchronization, it seems DC like architecture should be the baseline, with the possibility of CA-like architecture when significant performance improvement can be achieved.
Proposal 8: In the scenario of multi-connectivity with overlapped LF layer, DC like architecture should be the baseline, CA like architecture may also be considered for some scenarios.
RLF handling considering beam based transmission
Due to channel variations, the serving TX beam or best TX beam may change rapidly. The UE has to perform beam tracking and report failure to the eNB to maintain the radio link. As the serving beam may change frequently, there is possibility of beam tracking failure.
In LTE, if UE receives N310 “out of sync” indications for the PCell from lower layers, it will start timer T310. Then if timer T310 expires, it will trigger RLF. If N311 consecutive "in-sync" indications for the PCell from lower layers are received, the T310 will be stopped. For HF NR, similar RLF triggering procedure can be assumed. However the determination of “out of sync” and "in-sync" situation should consider beam based transmissions. For example, “out of sync” may be reported if the best DL beam quality is lower than a threshold, or if detectable beams’ failure rate is higher than a threshold. RAN2 may need to discuss whether per-beam RLF is necessary. Because the channel condition of a single beam may vary rapidly, e.g., due to blockage, it is rational to consider the RLF by evaluating all detectable beams within a cell for robustness. Both RAN1 and RAN2 should be involved for this multi-beam RLF and RLF determination procedure. 
Proposal 9: RAN2 should study the multi-beam RLF procedure together with RAN1. 
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: Random access procedure may accompany beam management operations. Means to reduce latency and signalling overhead should be considered.
Proposal 2: Beam may not need to be visible to RRC regarding RRM measurement for mobility. Combination of DL and UL based measurement should be supported.
Proposal 3: Beam sweeping for essential SI and on-demand transmission for other SIs should be considered if standalone HF cell is to be supported.

Proposal 4: New paging mechanisms have to be designed to guarantee UE’s reception of paging message at any beam with minimum awake time if standalone HF cell is to be supported.
Proposal 5:  multi-connectivity should be supported to improve link reliability for cells where HF applies. 
Proposal 6: Coordination among multiple TRPs to transmit essential SIs and paging messages by beam sweeping should be considered when multi-connectivity is deployed without the overlapped LF layer.
Proposal 6bis: Coordination among multiple TRPs to deliver user-plane data should be studied further.
Proposal 7: Multi-connectivity with overlapped LF layer should be prioritized because it can significantly reduce the complexity of standalone HF cell operations and has the benefits for quick time to market deployment.
Proposal 7bis: In HF operation with the overlapped LF layer, the common signals can be transmitted on the LF layer.
Proposal 8: In the scenario of multi-connectivity with overlapped LF layer, DC like architecture should be the baseline, CA like architecture may also be considered for some scenarios.
Proposal 9: RAN2 should study the multi-beam RLF procedure together with RAN1.
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