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1. Introduction
In RAN4 #90-bis, the beam correspondence limits (X%-tile and Y-dB) and the SRS resource upper limit (M) were discussed [1]

 REF R4_1903025 \r \h 
[2]

 REF R4_1903044 \r \h 
[3]

 REF R4_1903071 \r \h 
[4]

 REF R4_1903358 \r \h 
[5]

 REF R4_1903359 \r \h 
[6]

 REF R4_1904237 \r \h 
[7]

 REF R4_1904266 \r \h 
[8]

 REF R4_1904469 \r \h 
[9]

 REF R4_1904555 \r \h 
[10] and the following agreements [11] were reached:

Agreements: 
RAN4 adopt X%-tile and Y dB BC tolerance requirement for PC3 UE with: 

· X = 85% Y = [2 dB, 7 dB] 
For Rel-15, value of M:

· M = 8 (as default value)

· FFS how to give UE vendor flexibility considering different UE vendors’ implementation. 

In this contribution, we contribute to the item for further study (FFS) by introducing the concept of localized beam sweeping.
2. Background

As noted in the introduction, RAN4 #90-bis discussed the beam correspondence limits and the SRS resource upper limit. A numerical summary of the discussion [11] is presented in Table 1.

Table 1 SRS resource upper limit (M) summary after RAN4 #90-bis
	
	Intel
	LGE
	Sony, Ericsson
	Huawei
	Fraunhofer
	Apple
	Samsung

	BC tolerance 
(Y dB @ X%-tile)
	X% = 80%
Y = [4.5]dB
	X%=80%
Y = 4dB
	X% = 90%
Y = 2dB
	X% = 80%
Y = 5.2dB
	
	
	X% = 90%
Y = 3dB

	SRS-Resource (M) upper limit
	M >= 8
	M = 8
	M <= 4
(based on simulation assumption with 4 elements in one antenna array)
	
	M in accordance with array dimension
	
	M = 8


With regard to the SRS resource upper limit, M, it was agreed: a) to use a default value of eight (8) in Release 15 and; b) to study methods that would afford UE vendors some flexibility in the use of this value according to their particular design implementation. The latter item is addressed herein.
3. Discussion
Many texts (e.g. [12]) teach that smaller arrays are less directive than larger arrays and by corollary; that larger arrays are more directive than smaller arrays. For example, an array comprised of a relatively small number of antenna elements (say 2x2 or 4x1) will have a radiation pattern that is much less directional than that produced by an array comprised of a larger number of elements.
Observation 1: 
Smaller arrays are less directive than larger arrays.
Observation 2: 
Larger arrays are more directive than smaller arrays.
For the assessment of BC0_UE type UEs (i.e., ones that fulfil the beam correspondence requirement through the use of uplink beam sweeping [13]), we suggested in an earlier contribution [3] that the SRS resource upper limit, M, should be determined in accordance with the dimensions of the antenna arrays used in the UE. This proposal was considered in RAN4 #91-bis. In the same meeting, values of M ranging from less than four (M<4) to greater than eight (M>8) were also discussed whereupon it was agreed to adopt a value of eight (M = 8) for Release 15 [11].
In RAN4 #90, LG Electronics presented a number of beam correspondence test procedures [13], including that of option 3 shown below in Figure 1. In the same meeting, the following agreement was made [14]:

Option 3 is agreed as baseline options. Companies are encouraged to check the testing time for option 1 and option 3. If critical issue for testing time is identified and justified, we can revisit the option 3 in next RAN4 meeting. 
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Figure 1 Test procedure 3 for BC0_UE (EIRP1 for full measurement grid points) After [13]—NB colouring has been added for the purposes of the discussion presented in this TDoc.
With reference to the agreed BC0_UE baseline test procedure of Figure 1 shown above, the uplink beam sweeping part comprises the four coloured boxes shown on the right of the flowchart. Beam correspondence assessment thus includes the measurement of the EIRP2 value associated with each beam comprising the uplink beam set—those that are used for uplink beam sweeping. Although details of the exact measurement procedure are not explained, it is clear that the beam with the highest EIRP value, i.e., EIRP2, is compared with the single value of EIRP1; from which the so-called Delta EIRP is then calculated (the numerical difference between EIRP2 and EIRP1). This procedure is repeated for all measurement grid points as defined in TR 38.810. The cumulative distribution function (CDF) of delta EIRP is determined from which beam correspondence is defined at a given level of probability or percentile, X = 85%, where the value shall not exceed Y = [2, 7] dB.
Observation 3: 
Beam correspondence is based on the CDF of “delta EIRP” and is defined at a given level of probability, X %, at which a threshold value, Y dB, shall not be exceeded.

Recalling from the beginning of this discussion that a smaller antenna array has a lower directivity than a larger array, we can now visualize the former as having a radiation pattern that looks like a potato while the latter pattern could be described as the light shining from a torch (or flashlight). Using this analogy, the reader will appreciate that there are fewer differences between two potato-like radiation patterns—no matter how they are oriented—than two torchlight-like radiation patterns that point in different directions. This illustrates: a) that the number of beams needed for uplink beam sweeping is dependent on the antenna radiation pattern of the (type BC0) UE and; b) that highly directive patterns probably need more than eight uplink beams to be assessed accurately.
Observation 4: 
The number of SRS resources needed for uplink beam sweeping is dependent on the size of the arrays and the width of the beams produced by the (type BC0) UE.

Observation 5: 
Highly directive patterns probably need more than eight uplink beams to be assessed accurately.

Figure 2 shows eight nodes, uniformly distributed over the surface of an imaginary sphere enclosing the UE, which in this example has a low directivity radiation pattern. The UE is mechanically fixed while three different downlink beams are created by the measurement equipment in a, b and c. In each measurement, the UE responds with a set of eight uplink beams (denoted by magenta end points), each assigned a unique SRS resource. The measurement equipment measures EIRP2 at the points defined by the measurement grid.
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a) θ=90°, ϕ=0°
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b) θ=90°, ϕ=45°
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c) θ=90°, ϕ=90°

	Figure 2: A unique SRS resource is assigned to each of the eight beam directions (shown in magenta), in such a manner that a uniformly distributed and non-concentrated coverage of the enclosing sphere is achieved. The device under test is shown as a box and its mechanical position is fixed while three separate beams are created in different directions as labelled above in a) to c).


The situation is somewhat different when assessing the beam correspondence of a larger array that has highly directive beams. In this case, the restricted number of SRS resources should be allocated to a set of uplink beams that are concentrated towards the direction of the downlink. In other words, the uplink beam direction is localized according to the direction or region of the detected UE receive beam as shown in Figure 3 where the detection could be based on CSI-RS measurements for example.
Although the figure shows an uplink beam set comprised of eight beams—in other words where all of the M = 8 SRS resources have been assigned—there could be situations in which not all of the resources need to be consumed even though a localized beam sweep is used. On the other hand, antenna arrays with highly directive beams might require at least all eight beams to be closely distributed around the detected receive beam.
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a) θ=90°, ϕ=0°
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b) θ=90°, ϕ=45°
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c) θ=90°, ϕ=90°

	Figure 3: A repeated use of the SRS resources achieves a localized or concentrated coverage of the enclosing sphere according to the direction of each beam created. The device under test is shown as a box and its mechanical position is fixed while three separate beams are created in different directions as labelled above in a) to c).


It should be stated that while not all type BC0 UEs need to support localized beam sweeping, all BC0 type UEs need to report their capability of supporting localized beam sweeping or not. In other words, BC0 type UEs must report their localized sweeping capability while it is optionally whether or not to support this function. Additional signalling is thus required which can be used for both test and measurement purposes as well as for real-world deployment in networks.
Observation 6: 
For small arrays M=8 may be a waste of measurement time.
Observation 7: 
For large arrays M=8 may not be sufficient and reduces the accuracy of the BC measurement.
Observation 8: 
Increasing M for larger arrays would increase measurement time.
4. Conclusion

In this contribution, we have summarized the recently agreed decisions on the beam correspondence limits (X%-tile and Y-dB) and the SRS resource upper limit (M). All relevant TDocs associated with these agreements have been cited. We have also identified some of the shortcomings that might be created due to the current value of M and have thus presented a flexible solution in the form of localized beam sweeping that aims to overcome the uncertainty created by the restricted size of M.
Observation 1: 
Smaller arrays are less directive than larger arrays.


 REF Observation_2 \h 

Observation 2: 
Larger arrays are more directive than smaller arrays.


 REF Observation_3 \h 

Observation 3: 
Beam correspondence is based on the CDF of “delta EIRP” and is defined at a given level of probability, X %, at which a threshold value, Y dB, shall not be exceeded.



 REF Observation_4 \h 

Observation 4: 
The number of SRS resources needed for uplink beam sweeping is dependent on the size of the arrays and the width of the beams produced by the (type BC0) UE.


Observation 5: 
Highly directive beams probably need more than eight uplink beams to be assessed accurately when distributed over the sphere.


Observation 6: 
For small arrays M=8 maybe a waste of measurement time.


 REF Observation_7 \h 

Observation 7: 
For large arrays M=8 may not be sufficient and reduces the accuracy of the BC measurement.


 REF Observation_8 \h 

Observation 8: 
Increasing M for larger arrays would increase measurement time.

In view of the above observations and the foregoing discussion, this contribution concludes by making the following proposal(s):
Proposal 1: 
Localized beam sweeping shall be identified as a method of overcoming M = 8 and shall be used for UEs implementing high directivity antenna arrays thus ensuring both low measurement time and high measurement accuracy.
Proposal 2: 
Localized beam sweeping is identified as a method of overcoming M = 8 and shall be used for UEs implementing high directivity antenna arrays.
Proposal 3: 
Localized beam sweeping shall be used for both test and measurement purposes and for normal operation.

Proposal 4: 
UE localized beam sweeping capability information is added as a feature to UE Capability Information
Proposal 5: 
UE support of localized beam sweeping is optional.
Proposal 6: 
UE support of localized beam sweeping is not required for UEs that have small arrays (e.g. 4 elements only).
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