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1. Introduction
Several contributions have been proposed for the phase discontinuity requirements [2][3][4]. During the discussion it was felt that there is a need to agree on the way forward for the final requirement specification. This contribution discusses the way forward on how to design a requirement to ensure good performance.

2. Background
Link performance simulations have been run using a specific power vs. phase shift profiles according to Table 1, which was copied from [2]. The simulation results are repeated in Table 3 and Table 4 for convenience. The common assumption between the different power to phase shift models in Table 1, are based on an assumption of a PA that uses two switch-points at 0dBm and 10 dBm, using hysteresis. The main difference between the models is the model of the size of the phase shift that is generated when the power transitions are crossed.
As can be seen from the simulation results, it seems that the main contributor to link performance loss is 

1) The number of significant phase-shifts occurring due to the PA switch-points that occur in the power profile.

2) The size of the significant phase-shifts occurring due to the PA switch-points that occur in the power profile.

3) The particular location of the significant phase-shifts occurring due to the PA switch-points in the power profile.

	Initial UE Tx Power = -5 dBm

	STEP
	Power Step Size [dB]
	Initial Power (dBm)
	Final Power (dBm)
	Phase shift (Degrees)

	
	
	
	
	Model # 1 [1]
	Model #2
	Model #3
	Model #4

	1
	3
	-5
	-2
	3
	3
	5
	5

	2
	6
	-2
	4
	40
	30
	20
	15

	3
	-1
	4
	3
	-2
	-2
	-5
	-5

	4
	6
	3
	9
	8
	8
	10
	15

	5
	-5
	9
	4
	-5
	-5
	-10
	-15

	6
	3
	4
	7
	3
	3
	5
	5

	7
	5
	7
	12
	30
	20
	20
	15

	8
	-6
	12
	6
	-30
	-20
	-20
	-15

	9
	1
	6
	7
	1
	1
	5
	5

	10
	-6
	7
	1
	-5
	-5
	-10
	-15

	11
	-3
	1
	-2
	-3
	-3
	-5
	-5

	12
	5
	-2
	3
	3
	3
	10
	15

	13
	-3
	3
	0
	-3
	-3
	-5
	-15

	14
	-5
	0
	-5
	-40
	-30
	-20
	-10

	15
	3
	-5
	-2
	3
	3
	5
	5

	16
	-3
	-2
	-5
	-3
	-3
	-5
	-5


Table 1: Relationship between Phase Shifts (deg) and Power Steps (dBm)
Table 3: Demodulation loss corresponding to different phase shift models

	Phase shift Model
	Demodulation loss compared to reference case [dB];

E-DPDCH target = 70% throughput



	
	AWGN
	TU3

	Model # 1
	0.2
	0.6

	Model # 2
	0.2
	0.4

	Model # 3
	0.1
	0.3

	Model # 4
	0.1
	0.3


Table 4: Demodulation loss corresponding to different phase shift models

	Phase shift Model
	Demodulation loss compared to reference case [dB];

ACK mis-detection, P(ACK -> NACK or DTX) at 

error ratio 1%



	
	AWGN
	TU3

	Model # 1
	1.3
	0.8

	Model # 2
	0.8
	0.5

	Model # 3
	0.4
	0.1

	Model # 4
	0.2
	0.1


3. Candidate requirements

As was proposed in [4], a candidate requirement would be to specify that the UE is set up to transmit according to the proposed power profile, recording the phase-shifts at each particular power step, and setting requirements on the maximum number of phase-shifts exceeding a certain size. The test could be repeated for several different output power levels, to cover the dynamic range of the transmitter. Although the principal idea of such a requirement might seem like a reasonable way forward, several questions arise:

1. Based on the simulation results, it was concluded that the underlying reason for performance loss was the number of transitions passing the PA switch points. Seeing that the proposed model is based on an arbitrary selection of PA switch-points in terms of absolute power, as well as an arbitrary selection of initial power in the power profile, it would make sense do more analysis. This could be done as follows:

a. Assuming the power profile in Table 1, investigate the number of power transitions that cross the PA switch-points.

b. Do the investigation for varying relative power difference between the PA switch-points. Investigate the range between [7-12] dB between the switch-points.

c. Do the investigation for 1

d. Do the investigation for varying initial starting point in the PA-power profile.

By doing this investigation, it would be possible to find the worst case, best case and maybe a typical case implementation, considering the way we are proposing to set the requirement

2. Given that the power profile will be exercised through the dynamic range of the transmitter, at least two ways of specifying the requirement can be envisioned
a. Specify that the requirement should be valid for each initial power setting. Because the number of switch-points over the PA dynamic range is expected to be limited, most of the test-runs will not involve any PA-switch point transitions, implying that the majority of the individual tests will pass. The few cases where the initial power is set so that a maximum number of transitions across the PA switch points occurs, will be the limiting requirement in this case. 
b. Specify the requirement in terms of a maximum number significant phase shifts recorded over all tested initial power settings. If this is done the fact that the majority of the tests will not generate any significant phase-shifts needs to be taken into account when setting the requirement level.
c. Specify the requirement according to the same procedure as in 2a), but differentiate the requirement into two levels, such that a baseline requirement should be valid for the majority of the initial power levels, but a certain number of exceptions with slightly relaxed requirements are allowed. 

It could be argued that the requirement stated in 2a has the merit that it verifies performance for a user situated in an unfortunate location which gives rise to many significant phase-steps. 

Furthermore, it could be argued that the requirement stated in 2a, could be used to verify that the average number of significant phase-steps is low enough to ensure the performance for the average user.

Whether or not the requirement should be stated along the lines of 2a, or 2b or both is an item for further discussion.

4. Considerations related to testability
It should be noted that more investigation is needed regarding how set up the final test case such that the UE under tests transmits according to the power profile that is under discussion. Particularly, it was noted that the power step profile in Table 1, will be difficult to use in a test-setup, since the CQI reporting is not periodic. An updated power step profile is provided in Figure 2 and Table 5.
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Figure 1 Original power step profile for 10 symbols (1 slot) misalignement between HS-DPCCH and DPCCH/E-DPDCH.
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Figure 2 Revised power step profile for 10 symbols (1 slot) misalignement between HS-DPCCH and DPCCH/E-DPDCH.

	Initial UE Tx Power = -5 dBm

	STEP
	Power Step Size [dB]
	Initial Power (dBm)
	Final Power (dBm)
	Phase shift (Degrees)

	
	
	
	
	Model # 1 [1]
	Model #2
	Model #3
	Model #4

	1
	3
	-5
	-2
	3
	3
	5
	5

	2
	6
	-2
	4
	40
	30
	20
	15

	3
	-1
	4
	3
	-2
	-2
	-5
	-5

	4
	6
	3
	9
	8
	8
	10
	15

	5
	-5
	9
	4
	-5
	-5
	-10
	-15

	6
	3
	4
	7
	3
	3
	5
	5

	7
	5
	7
	12
	30
	20
	20
	15

	8
	-6
	12
	6
	-30
	-20
	-20
	-15

	9
	1
	6
	7
	1
	1
	5
	5

	10
	-6
	7
	1
	-5
	-5
	-10
	-15

	11
	-3
	1
	-2
	-3
	-3
	-5
	-5

	12
	5
	-2
	3
	3
	3
	10
	15

	13
	-3
	3
	0
	-3
	-3
	-5
	-15

	14
	-5
	0
	-5
	-40
	-30
	-20
	-10

	15
	3
	-5
	-2
	3
	3
	5
	5

	16
	+5
	-2
	3
	40
	30
	20
	15

	17
	-3
	3
	0
	-3
	-3
	-5
	-15

	18
	-5
	0
	-5
	-40
	-30
	-20
	-10


Table 1: Relationship between Phase Shifts (deg) and Power Steps (dBm)
5. Way forward

It is suggested that companies will make individual investigations according to point 1. Results could be presented in the August meeting. Prior to the investigations, a more detailed specification of the power profile needs to be specified, taking testability considerations into account.

The proposed work plan is as follows:
RAN 4 #48 (Jeju)
Present results from investigations according to point 1) in section 3.

Present proposals for how to specify the requirement according to point 2) in section 3.

Agree on CR for [1].
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