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1. Introduction
Beamforming procedure of NR can be divided into two parts: beamforming in the initial access process can be called beam training, while beamforming among data transmission can be called beam tracking. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Beam training in the initial access stage can be done by the multi-beam based synchronization, broadcast and random access procedure. And the initial optimal transmit beam of TRP and the initial best receive beam of UE can be acquired during those procedure. If the spatial reciprocity of wireless channel can be satisfied, the best transmit beam is just the best receive beam. Then the best transmit and receive beam of TRP or UE can be trained in those initial access procedure.
However, because of UE movement, UE rotation and beam blocking, beam tracking is needed to track the best transmission and receiving beams between TRP and UE. Based on this reason, the following agreements were approved in TSG RAN1 #85:
Agreements:
· 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
In this contribution, two key components of beam tracking, beam tracking request configurations and beam tracking procedures are discussed in detail. 
2. Beam training in initial access procedure
In order to guarantee the reliable receive SNR of cell edge users, beam sweeping based beamformed synchronization and broadcast can be designed in NR. One possible approach is that master information block can be repetitively delivered in different beams, with which different PRACH resources are also associated. If directional array is also used at UE side, UE can listen to the system broadcast through different receive beams to train its best receive beam. If space reciprocity is applicable for target UE and TRP. UE will select a PRACH resource corresponding to the best transmit beams of TRP by using its best receive beam for random access. TRP can acquire its best transmit beam by receiving the PRACH transmitted by UE. TRP and UE can obtain their optimal transmit and receive beams.
3. Beam tracking procedure
If space reciprocity can be satisfied, TRP and UE can acquire their initial optimal transmit and receive beams. Beam tracking during data transmission is mainly discussed in this subsection.  There are two core steps of beam tracking: how to request and configure beam tracking, and how to execute beam tracking procedure.
3.1 How to request and configure beam tracking
For different deployment scenarios and different UE behaviors, there should be different beam tracking configurations. For example, TRP can configure periodic beam tracking for the macro scenarios with lower speed UE. However, in order to reduce the tracking overhead, NR should allow TRP or UE request beam tracking for different situations on demand. Based on this point, two types of beam tracking configurations are introduced.
3.1.1 Periodic beam tracking configured by RRC signalling
This scheme is suitable for macro and micro scenarios with middle-low speed UE.  Parameters for beam tracking, which include the tracking period, reference signal ID, antenna weight vectors (AWV), number of tracked beams and resource for UE feedback, are configured through RRC signalling by TRP using its current best transmit beam. The first RRC signalling can be transmitted in step 4 of random access procedure by TRP using its best transmit beam, and UE receive this RRC signalling by using its best receive beam trained by the procedure described in section 2.
Beam tracking can be performed through the following steps:
· Step 1: TRP repeats reference signal by using different AWVs as illustrated in fig.1. RS in Fig 1 is the reference signal for beam tracking, AWVi is the AWV of different beam, N is beam number indicated in RRC.
· Step 2: The target UE receive those RSs by using different beams or omni-directional beam and calculate the optimal transmit and receive beams between TRP and UE.
· Step 3: UE feedbacks TRP’s best beam index at the report time indicated in RRC signalling by using its best receive beam trained in step 2.
· Step 4: TRP transmits downlink information including data and control information by using the best AWV reported by UE, and the UE receives downlink data using its optimal AWV trained in step 2.



Figure 1 Data packet format for beam tracking
Proposal 1: Periodic beam tracking can be configured by RRC signaling. Frame structure shown in Fig.1 can be introduced in NR to perform beam tracking.
3.1.2 Aperiodic beam tracking configured by DCI
[bookmark: OLE_LINK6]For this scheme, beam tracking can be trigged by TRP or UE by using a special DCI and UCI format on demand. When TRP decide to request beam tracking according to uplink quality, parameters of beam tracking can be configured by a special DCI format. When UE needs to request beam tracking according downlink quality, UE send beam tracking request using a special UCI format through NR PUCCH. When TRP receives this kind of UCI, it can start beam tracking procedure and send the configuration parameters through DCI. 
Configuration parameters for beam tracking include the reference signal ID, AWVs of TRP, number of tracked beams and resource for UE feedback. Beam tracking can be implemented by the steps described in section 3.1.1.

Proposal 2: Aperiodic beam tracking can be triggered by UCI or DCI on demand.

3.2 How to execute beam tracking procedure
Different beam training or beam tracking algorithms had been proposed, for example the sector level sweep and beam refined procedure defined in IEEE 802.11ad and the codebook based beam training mechanism used in IEEE 802.15.3c. However, the over-head of those schemes are too high to be used in NR. Two low-complexity beam tracking algorithm are proposed in the following subsections.
3.2.1 Special beam tracking procedure for UE rotation
UE rotation is the most common phenomenon during data transmission, and beam tracking is only needed at UE side for this situation. For this reason, a special data packet shown in fig.2 can be used for data transmission. RS in fig 2 is a special reference signal sequence or just the downlink DMRS, which is repeated by TRP using its optimal AWV, and the number of RS equal to the available receiving beam number of UE. UE receive those RS through different beams and calculate the best receive beam to receive the data part. By this means UE can track its optimal receiving beams before every transmission block.


Figure 2: Downlink data packet for receive beam tracking
Proposal 3: Frame structure shown in Fig. 2 could be introduced to assist receiving beam tracking.
3.2.2 Compressive sensing based beam tracking procedure
In [1], a compressive sensing based beam training algorithm is introduced. The simulation results show that the proposed scheme can significantly reduce the beam training overhead with acceptable performance degradation. Compressive sensing can also be used for beam tracking, which is called compressive sensing based beam tracking algorithm. Random beams covering a small range of AoA, whose antenna weight is randomly generated, are used to instead of the directional beam both at TRP and UE side configured by RRC or DCI. However, the number of required random beams is much less than that of directional beams. If we assume that there are M and N beams should be tracked at TRP and UE respectively, TRP only needs to repeat RS by using klog2(MN) random AWVs, and UE also uses klog2(MN) random beams to receive those RSs to calculate the best beam-pair between TRP and UE by using compressive sensing algorithm, where k is an adjusting factor less than or equal to 3. The only requirement is that the random AWVs used by TRP should be shared between TRP and UE side. The more detailed description of compressive sensing based beam training algorithm can be found in [1].
Another superiority of compressive sensing based beam tracking algorithm is that multiple UE can track their beams simultaneously with the same random AWV at TRP, so it is also suitable for multi-point scenarios with some modifications. However, the generation of random AWV will introduce additional implementation complexity, especially for analog and hybrid array architecture.
Proposal 4: Compressive sensing based beam tracking approach should be studied and carefully designed for NR.
3.3 Analysis
The proposed schemes can be used in both low band and high band system. And if space reciprocity is applicable, training and tracking over-head can be reduced. Multiple digital chains and multiple TXRU can further improve the efficiency of beam tracking, because several beams with different direction can be generated simultaneously, so they will show better performance for digital and hybrid TXRU virtualization antenna array.
Different antenna structure at TRP or different antenna implementation may affect the implementation of the proposed schemes, because special AWV or codebook should be designed for different antenna structure.
Although those schemes are designed based on single cell scenarios, they can be easily extended to the multi-cell scenarios with some special configurations. In CoMP scenarios with joint transmission TRPs in a CoMP set can simultaneously transmit signals to target UE using separated beams, and UE can receive signals from different directions by using omni-directional pattern. Periodic beam tracking can be configured to track the optimal transmit beams of each TRP. In CoMP scenarios with dynamic point selection mode, aperiodic beam tracking can be configured to track the best transmit and receive beams between TRP and UE, because only one TRP transmits signal to target UE at each subframe.
Observation 1: The proposed schemes can be used in both low band and high band system. And if space reciprocity is applicable, training and tracking over-head can be reduced.
Observation 2: The proposed schemes will benefit from the multiple digital chains of digital or hybrid antenna architecture.
Observation 3: Compressive sensing based beam tracking can be useful to CoMP scenarios, because it allows multi-user beam tracking operation.
4. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Simulation results
In this section, we show the performance of the proposed compressive sensing based beam tracking approach. Table 1 shows the detailed parameters of simulation.
Table 1 Simulation assumption
	Parameters
	value

	Antenna parameters at TRP
	(M,N,P,Mg,Ng)=(8,8,2,1,1)

	Antenna element space
	0.5lamda

	Antenna parameters at TRP
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14](M,N,P,Mg,Ng)=(1,1,1,1,1) for fig.1 (a)
(M,N,P,Mg,Ng)=(4,4,1,1,1) for fig.1 (b)

	Port mapping for CRS-0
	64 antenna elements in the same polarization

	Channel model
	CDL-D(InH LOS case) with DS=29ns

	Number of beams be tracked at TRP
	25

	Codebook 
	DFT based

	AWV for random beam
	Random Bernoulli sequence



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Fig. 1. shows the performance comparison between the compressive sensing based beam tracking algorithm and exhaustive based approach with different UE antenna configurations. Omni-directional antenna pattern is used in Fig.1. (a) at the receive antenna of UE side, and the number of random beams used for compressive sensing based approach is , while 25 beams are monitored in exhaustive search.

16 antenna elements array is equipped at UE side in Fig.1. (b), so it can form 16 independent receive beams. The number of random beams used for compressive sensing based approach is  both for TRP and UE, while 400 is needed for exhaustive search. 
For both simulation scenarios of fig.1, only 25 beams of total 128 beams required to be tracked to find the best transmit and receive beams between TRP and UE. It can be seen that because only the best transmit beam should be tracked for Fig.1(a), its SNR loss is smaller than that of fig.1(b).
[image: ][image: ]
  (a)                                (b)
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Fig. 1. Performance comparison between compressive sensing based scheme and exhaustive based scheme (refers to the upper bound in figures). Omni-directional antenna is used in (a) at UE side, and directional antennas are used in (b) at UE side.

It can be seen from fig.1 (a) that if only the transmit beam required to be tracked, SNR loss of compressive sensing based approach is less than 3dB compared with the ideal beam. While directional beams should be sent for exhaustion based approach with the same SNR loss. So compressive sensing based still can reduce almost 45% tracking overhead.

Similar conclusion can be reached from fig.1 (b). However, double side beam tracking will lead to more SNR loss (about 5dB), because of the mismatched beam-pair between TRP and UE. directional beams are needed for exhaustion based approach with the same SNR loss. So compressive sensing based still can reduce almost 86% tracking overhead.
Based on the simulation results of Fig 1, the following observations can be obtained:
Observation 4: Compressive sensing based beam tracking can reduce large amount of overhead compared to exhaustive search. 

5. Conclusions

Proposal 1: Periodic beam tracking can be configured by RRC signaling. Signal structure shown in Fig.1 can be introduced in NR to perform beam tracking.
Proposal 2: Aperiodic beam tracking can be triggered by UCI or DCI on demand.
Proposal 3: Frame structure shown in Fig. 2 could be introduced to assist receiving beam tracking.
Proposal 4: Compressive sensing based beam tracking approach should be studied and carefully designed for NR.

Observation 1: The proposed schemes can be used in both low band and high band system. And if space reciprocity is applicable, training and tracking over-head can be reduced.
Observation 2: The proposed schemes will benefit from the multiple digital chains of digital or hybrid antenna architecture.
Observation 3: Compressive sensing based beam tracking can be useful to CoMP scenarios, because it allows multi-user beam tracking operation.
Observation 4: Compressive sensing based beam tracking can reduce large amount of overhead compared to exhaustive search. 
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