[image: image7.png]Gain [dB]

-2

-4

-6

-8

3dB beamwidth

1
I<

>

1
J———— 1

Ideal

k

-10
160

165

170

1
1
5 190

175 180 18!
Incident angle [degree]

195 200



3GPP TSG RAN WG1 Meeting #89

R1-1707831
Hangzhou, China, 15th –  19th May 2017
Agenda Item: 7.1.2.2.1
Source: MediaTek Inc.

Title: Discussion on UL beam management and imperfect beam correspondence
Document for: Discussion
1.  Introduction

In previous RAN1 meetings, beam correspondence and UL beam management have been discussed. Following agreements were reached in RAN1 88bis meeting [1]:
Agreements (RAN1 NR AH01):
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence

· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available

Current RAN1 definition on beam correspondence is qualitative so that its impact on system performance conditioned on imperfect beam correspondence is not clear. In our previous contribution [2], beam control variation was discussed. Due to transceiver architecture, beam control variation between TX and RX chains are almost not avoidable. System performance degradation due to such imperfection was shown. In this contribution, we further analyze a simple method for reducing UL beam management overhead when perfect beam correspondence does not hold.
2.  Impacts of Imperfect beam correspondence
2.1 Impacts on array pattern

Figure 1 illustrates TX and RX paths of an array element. Although same phase shift is shared, its response is not necessarily the same when signal passes through from different directions. When a specific set of gain and phase parameters is configured, the responses of TX path and RX path deviate from theoretical array pattern independently. This means that the difference between realized TX and RX patterns is possible to be even bigger than from theoretical array pattern.
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Figure 1: Illustration of TX and RX paths of an antenna array element.
The control variation can be confined to be within quantization error if a concerned UE is actually calibrated. For more general cases, the difference can be modelled as a uniformly distributed quantization error plus a Gaussian variation. In the following demonstration, we assume a Gaussian variation term in phase control and uniform variation term in gain control.

In Figure 2, an 8-element ULA with phase control variance of 2π/16 and gain control variation up to 3dB is assumed. In the figure, the pattern with ideal control together with two patterns drawn from two independent error-modeled realizations to serve as DL (RX) and UL (TX) patterns, respectively, are shown. It is observed that while beam pointing error is not substantial, beam patterns deviate from each other significantly. Within 3-dB beamwidth of ideal pattern, the gain difference for a given incident angle between DL(RX)/UL(TX) patterns can be easily more than 3dB and up to 10 dB in the figure. It is noted that while Figure 2 simply shows the result of one snapshot, it is not uncommon to observe meaningful deviation between DL/UL patterns.
Observation 1: Beamformer control variation can result in imbalanced RX/TX beam patterns. The imbalance can cause significant deviation on array gain for a given incident angle within 3-dB beamwidth, though it has minor impact on beam pointing error.

[image: image2]
Figure 2: Effect of phase and gain control variation on array pattern realization for a 8-element ULA.

2.2 Impacts on system performance

With the control error model in the previous section, we show how such imbalanced TX/RX beam patterns degrade system performance. For evaluation, 3D UMi-street canyon channel model [3] is used. We assume a 28GHz hexagonal network with ISD=200 meters. UE is uniformly dropped within the NW. Beam formation is based on 8-element ULA at gNB side and based on 4x2 UPA at UE side. Beam control error is only considered at UE beamforming. After cell association, for each serving UE, two sets of beamformers are used for evaluating its performance. The difference on the two sets of beamformers is modeled by the control error model elaborated earlier and we would like to assess the impact on system performance due to the difference.

Specifically, the first set of beamformers is determined based on exhaustive beam search. In the exhaustive beam search, control error is applied at UE side to model non-ideal control on UE beamforming. The second set of beamformer is based on the results of the first set so that any kind of search is not needed. However, UE beamformer of the second set is further subject to additional independent beam control error to model its deviation from the first set. For the first beamformer set, we intend to model the case where DL beam pair is determined based on e.g., beam sweeping, though beam control is not ideal. For the second beamformer set, it models e.g., the case where DL beam pair is determined based on UL beam management. Apparently, the difference on DL performance between the first and the second set of beamformers shows the impact of RX/TX beam pattern imbalance at UE side.
In our evaluation, phase control error is modeled by either Normal distribution or uniform distribution. While Normal distribution provides a worse case assessment, uniform distribution provides a more optimistic assessment. For gain control error, we assume a uniform distribution with 3dB dynamic range. Since we are interested in relative performance, only important simulation parameters are summarized as in Table 1.
	Parameters
	Value

	Carrier Frequency
	28 GHz (TDD)

	ISD
	200 meter

	BS Antenna Array
	8x1 ULA

	UE Antenna Array
	4x2 UPA

	Phase control error
	1. Normal distribution: 2π/32 variance

2. Uniform distribution: [-π/32, π/32]

	Gain control error
	3 dB


Table 1 Selected Simulation Parameters
Figure 3 illustrates the performance difference between the cases with and without imbalanced TX/RX beam patterns. In particular, the difference of realized throughput of the two cases is normalized to the throughput realized by balanced TX/RX beam pattern. Blue curve shows the results for Normally distributed phase control error and red curve shows the results for uniformly distributed phase control error. Both curves reveal obvious impact on the system performance when TX/RX beam patterns are not the same (the higher the value, the more the degradation). Impact can be significant since the curves show that the throughput can degrade a substantial portion from the throughput realized by balanced TX/RX patterns.
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Figure 3: Ratio of throughput difference to throughput of balanced TX/RX patterns. The blue curve assumes Normally distributed phase control error and uniformly distributed gain control error. The red curve assumes uniformly distributed phase control error and uniformly distributed gain control error.

Observation 2: The impact of imbalanced TX/RX beam patterns on system performance is not negligible.
3. UL Beam Management based on Imperfect Beam Correspondence
To recover the degraded performance due to imperfect beam correspondence, UL beam management is required. From Figure 2, it is also noted that RX beam and RX beam at one node are correlated. Essentially, with a DL beam pair selected based on DL beam management result, the selection of UL beam does not need to start from scratch. The concept is illustrated in Figure 4. It should be noted that re-selection of UL beam pair is not to find a beam with better beam pattern similarity with current DL beam. Rather, it is to find an UL beam pair that performs better, if not best, for UL transmission.
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Figure 4: UL local beam search conditioned on DL beam management results
Observation 3: Correlation between selected RX beam and its corresponding TX beam at one node is observed, which can be utilized in UL beam management process to reduce beam training overhead.
Proposal 1: Correlation between a selected RX beam from DL beam management and its corresponding TX beam at one node should be utilized to benefit UL beam training overhead in imperfect beam correspondence case.
In the following, we analyse the potential overhead reduction based on hierarchical beam search principle:
· Assumption on gNB beamforming capability

· Ng analog beams per level, Kg levels of beams

· Assumption on UE beamforming capability

· NUE analog beams per level, KUE levels of beams
To find a beam pair in deepest levels at both ends, P-1, P-2 and P-3 procedures are needed. The number of search attempts for a simple implementation on hierarchical beam search can be calculated as:
· Full hierarchical search: 
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· Local search (based on TX/RX beam correlation): 
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· Mg: UL Rx beam ambiguity at gNB conditioned on a selected DL gNB Tx beam
· MUE: UL Tx beam ambiguity at UE conditioned on a selected DL UE Rx beam
· Note that this is the number when beam correspondence is not hold at neither gNB nor UE. When beam correspondence holds at one side, the search count is reduced to either Mg or MUE.
To quantify the amount of overhead reduction, Table 2 assumes two parameter sets and calculate their search overhead reduction that can be achieved by using TX/RX beam pattern correlation. As shown, over 60% of resource reduction can be achieved in both of the parameter sets. It is also noted that beam ambiguity is not necessarily related to the hierarchical beamforming implementation.
	Hierarchical search type
	Ng
	NUE
	Kg
	KUE
	Mg
	MUE
	# beam pair search attempt
	Search overhead

	Full search
	8
	4
	2
	1
	N/A
	N/A
	40
	100%

	Local search
	N/A
	N/A
	N/A
	N/A
	3
	3
	9
	22.5%

	Full search
	8
	4
	2
	2
	N/A
	N/A
	44
	100%

	Local search
	N/A
	N/A
	N/A
	N/A
	4
	4
	16
	36%


Table 2: Examples on UL beam management training overhead reduction.
In previous RAN1 meetings, agreements on SRS configuration provide the possibility to configure UE UL transmissions for UL beam management purpose. However, the knowledge on UE side beam uncertainty level, when beam correspondence does not hold, cannot be properly utilized for SRS configuration. With clear benefit on UL beam management training overhead reduction as shown in Table 2, it is sensible to provide such information to gNB.
Observation 4: Current agreements do not support utilizing UE knowledge on TX/RX beam pattern correlation when beam correspondence does not hold.

One simple solution for providing such UE knowledge on TX/RX beam pattern correlation is via e.g., capability signalling. Instead of using 1 bit for expressing “yes” and “no” for beam correspondence, more bits can be used to notify UE uncertainty level between TX and RX beams, e.g., the bit string value indicates the number of SRS resources that is needed to train UE TX beams based on DL beam management results. A firmly “yes” and “no” indication can thus be expressed by all-zero and all-one bits, respectively.

Proposal 2: NR supports higher resolution beam correspondence indication from UE to NW in e.g., capability signaling. The high resolution beam correspondence state is represented by a bit string for expressing different amount of UL training resources that is needed for UE TX beam training based on a determined DL beam pair link. A firm “yes” and “no” indication can be expressed by all-zero and all-one bits.
4. Conclusion
In summary, based on the above discussion we have the following observations and proposals for UL beam management for NR: 

Observation 1: Beamformer control variation can result in imbalanced RX/TX beam patterns. The imbalance can cause significant deviation on array gain for a given incident angle within 3-dB beamwidth, though it has minor impact on beam pointing error.
Observation 2: The impact of imbalanced TX/RX beam patterns on system performance is not negligible.
Observation 3: Correlation between selected RX beam and its corresponding TX beam at one node is observed, which can be utilized in UL beam management process to reduce beam training overhead.
Proposal 1: Correlation between a selected RX beam from DL beam management and its corresponding TX beam at one node should be utilized to benefit UL beam training overhead in imperfect beam correspondence case.
Observation 4: Current agreements do not support utilizing UE knowledge on TX/RX beam pattern correlation when beam correspondence does not hold.
Proposal 2: NR supports higher resolution beam correspondence indication from UE to NW in e.g., capability signaling. The high resolution beam correspondence state is represented by a bit string for expressing different amount of UL training resources that is needed for UE TX beam training based on a determined DL beam pair link. A firm “yes” and “no” indication can be expressed by all-zero and all-one bits.
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