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1 Introduction

Beam based transmissions have been discussed extensively for NR as a key technology to ensure coverage. Specifically, in RAN1#85, some agreements were achieved for beam management [1]:
· Both intra-TRP and inter-TRP beamforming procedures are considered.

· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:

· UE movement, UE rotation, beam blocking:

· Change of beam at TRP, same beam at UE

· Same beam at TRP, change of beam at UE

· Change of beam at TRP, change of beam at UE

· Other cases are not precluded

· Study beam (e.g. TRP beam(s) and/or UE beam(s)) management procedure (e.g. beam determination and change procedure) with/without prior acquired beam(s) information

· For both data and control transmission/receptions

· The procedures may or may not be the same for data and control.

In this contribution, we discuss and provide our views on the procedures of both intra-TRP and inter-TRP beam management for the data and control channels. 
2 Overview of Beam Management  
As discussed in [2], due to increased free space path loss in higher frequency band supported in NR, channel/signal transmission relies on highly directional links. In other words, directional beam based communication is needed rather than the omni-directional communication in traditional LTE system. However, due to possible UE movement, UE rotation and blocking, the directional beam pairs should be updated from time to time to maintain the link quality between TRP and UE. Normally, the data channels require high SNR to provide high rate transmission, whereas the control channels require high reliability and enough coverage. In the contribution, we will discuss the beam management for data and control channel. For the latter, some reliability enhancements will also be considered. 
In a multi-beam based communication system such as in above 6GHz bands, the whole communication procedure should at least contain two stages. The first stage is beam training for initial beam alignment between TRP and UE, where UE is synchronized with the system and being ready to be scheduled by the TRP. It can be regarded as the beam determination procedure as per the agreements above. The second stage is beam tracking based on the previous knowledge of the beam alignment, where the TRP tracks the UE such as UE movement. It can be regarded as the beam change procedure as in the agreements.
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Figure. 1 An example of from coarse to fine beam alignment

A typical example from coarse to fine beam alignment is given in Figure 1, where the TRP and UE have first a coarse alignment and UE has initial access with the TRP. Then TRP tracks the UE based on narrow beam alignment for data communications. The first stage will be elaborated in our companion paper [3], and we would elaborate the beam management in the second stage in this contribution. 
3 Beam Management for Data Channel
In this section, we describe the beam management for data channels.
3.1 Procedures
Note that TRP and UE should update the beams from time to time, due to UE movement, rotation and blockage. The beams update procedure can be regarded as beam refinement procedure, which is based on the previous knowledge of the beam pairs at TRP and UE. 
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Figure 2. Six basic beam refinement procedures
The six basic beam refinement procedures can be generally categorized into the following three procedures that are detailed further below.
· DL or UL based  joint TRP and UE beam refinement

· DL or UL based UE beam refinement only
· DL or UL based TRP beam refinement only
1. Joint TRP and UE beam refinement 

Joint TRP and UE beam refinement could quickly align the best TRP and UE candidate beams, and achieve the best performance for reliability. Examples are given in (a) and (b) of Figure 2, for DL and UL, respectively. Note that TRP and UE should jointly switch to the new updated beam pair by additional control signaling to avoid unilateral beam pair switching. For example, in (a) of Figure 2, given previous beam pair (1,2) and updated beam pair (3,1), TRP needs to notify UE when to change RX beam from 2 to 1. It should be the same time that TRP changes from beam 1 to beam 3.
2. UE beam refinement only
In DL based UE beam refinement only, UE does not need to feed back the refinement results. On the other hand, the feedback is needed in UL based UE beam refinement. However, UL based beam refinement could be UE centric for network power saving and interference reduction.
3. TRP beam refinement only
In UL based TRP beam refinement only, TRP does not need to feed back the refinement results. On the other hand, the feedback is needed in DL based TRP beam refinement. However, when the number of UEs to TRP port number ratio is large, it makes sense to have DL based beam refinement shared among the active UEs.
Note that joint TRP and UE beam refinement will introduce too much overhead. For example, given both 9 candidate beams at TRP and UE as in (a), it requires 81 possible beam pairs. On the other hand, it only requires 9 TRP beam refinement only (as in (e)) plus 9 UE beam refinement only (as in (c)), i.e., 18 tries. Yet it will only find the suboptimal beam pair(s). 
Considering the pros and cons as discussed above, our proposal is given by:
Proposal 1:  The following beam refinement procedures should be studied in NR, including reliability performance, overhead and so on.
· DL or UL based  joint TRP and UE beam refinement

· DL or UL based UE beam refinement only
· DL or UL based TRP beam refinement only
3.2 Beam Probing 
Beam refinement is beam sweeping between a set of predefined beams. Probing multiple beams around current data beam and choose the best one(s) is a robust way with low detection complexity. The receiver only needs to estimate the quality of the probing beams, and feeds back to the transmitter if transmitter beam refinement is included. 
Another approach is to use wide beams around current data beam and compute the angle of the moving object from these wide beams as illustrated in Figure 3. Wide probing beams can be obtained by muting some antenna elements in the antenna array or by some advanced beamforming codebook design. Wide beams can be transmitted in for example TDM fashion, but other approaches are not excluded. Note that this approach is more sensitive to the angle estimation errors, where the correctness will be influenced by lower SNR of wide beam and analog beamforming calibration errors.
[image: image3.emf] 
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Figure 3. Beam refinement with wide beams
Proposal 2: Beam probing for best beam(s) and angle estimation should be considered in NR.
3.3 Link Failure Recovery
Figure 4 illustrates an event of link failure for UE. With inter-TRP beam management, some neighboring TRPs may cover the lost UE. Thus, mechanisms for fast link recovery among TRPs should be studied and supported. For example, after the link failure, the network could notify the neighboring TRPs (e.g. via fast search requests) for fast link recovery. The notified TRPs will try to build a connection with the lost UE. One possible way is to allocate some specific resources to quickly search the lost UE, i.e., beam alignment between TRPs and UE.
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Figure 4. An example for inter-TRP beam switching scenario
Through DL beam alignment, UE determines the preferred DL beam measure resource allocations and the best receive beam for each allocation, and then indicates the network these preferred resource allocations. UE does not need to know which beam is actually sent from which TRP. To support DL CoMP with dynamic TRP selection and quick link recovery due to blockage, where transmit beam to be used may switch fast from one TRP to another, UE receive beam needs to be switched promptly to guarantee reliable data transmission. In this case, as long as UE is indicated one or more of the preferred DL resource allocations, by looking up the mapping between resource allocations and receive beams it maintains, UE can find and adjust its receive beam(s) accordingly. Similarly, through UL beam alignment, the network selects and indicates the preferred UL beam measure resource allocations to UE. In order to support UL CoMP and fast link recovery, the transmit beam(s) used at UE can be managed by indicating the corresponding one or more of the preferred resource allocations. 
Proposal 3: A mechanism and signaling for fast link recovery among TRPs should be supported in NR.
4 Beam Management for Control Channel
In this section, we shall discuss the beam management for control channel.
One scheme is that UE measures the quality of the beams that are used for first stage initial beam alignment and synchronization, since such synchronization beams are transmitted periodically in the radio frame, i.e., always on. After the measurement, UE could feedback the best beam(s) to TRP and TRP could use such beam(s) for control signal transmission. However, it may be out of date, since the synchronization signal is transmitted with long periodicity.
Another implementation based scheme is that the control beam could be inferred from the data beam as indicated in Figure 5. To be specific, the wide control beam could cover several narrow data beams to provide control information to the covered users. The SNR reduction by using the wide control beam compared with the narrow beam could be inferred from the beamforming gain differences. For UE specific control beam, reuse of the data beams that have already provided sufficient SNR for data transmission can be adopted.
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Figure 5. Illustration of data and control beams
In addition, the multiple beams used in the beam refinement as illustrated in Figure 2 could also be used for the control signal transmission. For example, the control signal is retransmitted in every refinement beam, and it can be decoded via at least one aligned beam pair.
Proposal 4:  Control beam(s) derived from the data beam(s) and using the refinement beams for control signal transmission should be considered in NR
Beam management procedures for HF can be made more reliable when the UE has a LF control channel connection with the legacy macro TRP (via dual connectivity) as illustrated in Figure 6. Such a control channel is much more reliable than a control channel over HF itself as it is less susceptible to path loss and blockage. Such a LF control channel is particularly useful for the beam acquisition stage where there is no established HF connection or when the HF link is temporally lost. 

Furthermore, in order to avoid frequent handover between beams in HF, some assisted information, e.g. cross-carrier scheduling information can be carried at control channel in LF. HF retransmission could also be utilized via LF, especially after several unsuccessful retransmissions, where the HF link may be temporally lost in a high probability.
In addition to such a user specific LF control channel to  provide reliable feedback for beam training for each UE, the LF control channel could also be site specific (i.e. broadcast control channel), and hence provide beamforming  configuration information of the HF TRPs to the UEs. 
[image: image6.emf] 


Figure 6. Illustration of LF assisted HF control

Proposal 5: Beam management procedures taking LF assisted control signalling transmission for HF should be taken into considerations in the overall beam management.
5 Conclusions
This contribution discusses both intra-TRP and inter-TRP beam management for data and control channels and concludes with the following proposals.
Proposal 1:  The following beam refinement procedures should be studied in NR, including reliability performance, overhead and so on.

· DL or UL based  joint TRP and UE beam refinement

· DL or UL based UE beam refinement only
· DL or UL based TRP beam refinement only
Proposal 2: Beam probing for best beam(s) and angle estimation should be considered in NR.
Proposal 3: A mechanism and signaling for fast link recovery among TRPs should be supported in NR.
Proposal 4:  Control beam(s) derived from the data beam(s) and using the refinement beams for control signal transmission should be considered in NR
Proposal 5: Beam management procedures taking LF assisted control signalling transmission for HF should be taken into considerations in the overall beam management.
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