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1.	Introduction
During RAN4 #101-e the following tentative agreement was made [1]:
For definition of RF requirements, the following options will be further discussed in the future meetings
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly
· Option 1a: relative to slot #n-1
· Option 1b: relative to slot #0 and define maximum duration explicitly
· Option 2: Define UE requirement as EVM value using JCE process
· FFS EVM simulation assumptions
· Encourage the test equipment vendor to provide the feedback on the testability of option 1 and option2.

This contribution investigates the feasibility of options 1a, 1b and 2.

2.	Discussion
2.1. Feasibility analysis of Option 1
Option 1 is described in [2] and repeated below:
[2] Requirement text proposal: 
For the joint channel estimation in uplink coverage enhancement and for the same [reference] signal transmitted repeatedly in time slots during a time window defined in Table 6.4x-1, the maximum allowable difference between the phase and amplitude of the complex received signal in first time slot in one DMRS port and those in any other time slots is listed in Table 6.4x.-1. The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
Table 6.4x-1: the maximum allowable difference between the phase and amplitude of the complex received signal in first time slot and those in any other time slots
Difference of relative phase error
Difference of relative power error
Time window
x degrees
y dB
z msec
The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of antenna ports, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
· To be added for other conditions.

As mentioned in the introduction, Option 1 has sub-options regarding the reference slot used:
· Option 1a: relative to slot #n-1
· Option 1b: relative to slot #0 and define maximum duration explicitly
The equation (1) shown below is generally used to calculate phase error. However, when modulated wave (CP-OFDM and DFTs-OFDM) is transmitted, arctan Q(t)/I(t) itself rotates in time. In other words, (1) is not valid for any pair of 𝑡_ref and 𝑡_meas.
 

Equation (1) can be simply used when transmitted signal s(𝑡_ref) and s(𝑡_meas) are the same. Besides, UE sends DMRS which is unique to time slot index in frame. For example, DMRS for slot #N is different from DMRS for slot #N-1. Therefore, Option 1a cannot use (1) simply, and then is not feasible.
On the other hand, DMRS for slot#0 and slot#0 in the next frame (10ms later) is same. Option 1b is then feasible but under following conditions:
· UE sends the same data on DMRS and PUSCH on the same time slot index.
· not done in Test mode on UE side currently.
· Time window is 10/20/…ms which is equivalent to frame period.
· not same definition as Option 1b
· 10ms between measurement slots is a very long time, also depending the higher the subcarrier spacing the higher the number of slots. Both aspects are in contradiction with the intention of Option 1 and JCE
In Figure 1 is shown current Anritsu’s assumption/possible implementation of Option 1.
[image: ]
Figure 1 – Assumption/possible implementation of Option 1
Observation 1: Option 1a is not possible as DMRS for slot #N is different from DMRS for slot #N-1. Option 1b is possible as DMRS for slot#0 and slot#0 in the next frame (10ms later) is the same.
Observation 2: For Option 1, to determine the phase error correctly the same data for PUSCH would need to be used with a periodicity of 10ms, which is contradiction with actual deployments where data are expected to be different, conformance testing should be performed in realistic conditions.
Observation 3: For Option 1, DMRS periodicity is 10ms whatever the SCS so 120kHz SCS would mean that the 2nd slot used for measurement would happen 80 slots after the 1st slot used for measurement, which is not acceptable as the periodicity in number of slots should be much smaller to be in the spirit of JCE.
Observation 4: For Option 1, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
2.2. Feasibility analysis of Option 2
Option 2 is described in [3] and is based on EVM measurement. In Figure 2 is shown current Anritsu’s assumption/possible implementation of Option 2.
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Figure 2 – Assumption/possible implementation of Option 2
Observation 5: For Option 2, there are no requirements on the data that shall be loaded on DMRS and PUSCH in the slots contrary to Option 1. This flexibility allows a flexible time window duration and a reasonable number of slots is required even for high subcarrier spacing.
Observation 6: For Option 2, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
Proposal: Study Option 2 in more details but also look at implementation improvements of Option 1b.

3. Conclusion
[bookmark: _GoBack]We discussed both options 1 and 2 and made the following observations:
Observation 1: Option 1a is not possible as DMRS for slot #N is different from DMRS for slot #N-1. Option 1b is possible as DMRS for slot#0 and slot#0 in the next frame (10ms later) is the same.
Observation 2: For Option 1, to determine the phase error correctly the same data for PUSCH would need to be used with a periodicity of 10ms, which is contradiction with actual deployments where data are expected to be different, conformance testing should be performed in realistic conditions.
Observation 3: For Option 1, DMRS periodicity is 10ms whatever the SCS so 120kHz SCS would mean that the 2nd slot used for measurement would happen 80 slots after the 1st slot used for measurement, which is not acceptable as the periodicity in number of slots should be much smaller to be in the spirit of JCE.
Observation 4: For Option 1, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
Observation 5: For Option 2, there are no requirements on the data that shall be loaded on DMRS and PUSCH in the slots contrary to Option 1. This flexibility allows a flexible time window duration and a reasonable number of slots is required even for high subcarrier spacing.
Observation 6: For Option 2, the same principle can be used for FR1 and FR2, and for CP-OFDM or DFTs-OFDM.
Based on the discussion above, we propose the following:
Proposal: Study Option 2 in more details but also look at implementation improvements of Option 1b.
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*1: data with sample length of a slot including CP

block diagram from 38.521-1 Annex E.2.5




