[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #101Bis-e	R4-2200338
Jan 2022

Title:	Discussion on UE requirement for JCE

Source:	Qualcomm Incorporated

Agenda item:	6.18.2.2
Release:	Rel-17
Work Item:	NR_cov_enh
Responsible WG:	RAN1

Document for:	Approval
1.   Introduction
In this paper we continue to discuss the method of using EVM to set requirements for UE for DMRS Bundling that we introduced in [16]. We have also provided a draft CR [17] to show how the requirements can be captured in to the 38.101-1.  
2. 	Discussion
2.1	EVM for JCE 
2.1.1	EVM test process currently in the specification
The EVM process currently as described in the Annex F of 38.101-1 includes a RF correction block. The purpose of this block is described in 6.4.2.1:
“Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.”
And further in the annex F it is stated that: 
“The basic EVM measurement interval is defined over one slot in the time domain for PUCCH and PUSCH and over one preamble sequence for the PRACH.”
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2.1.2	EVM test for JCE
The RF corrections are applied as slot by slot basis and therefore the phase and amplitude jumps between slots will get cancelled out by the RF correction block and equalizer. Our proposal in [16] was (also in CR [17]) to change this process for JCE test so that the channel equalizer and RF corrections are made in a bundle level using all DMRSs in the bundle. Figure 1 shows the principle of the current and new JCE EVM test.
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Figure 1. JCE EVM test principle compared to the current EVM test
Issue 1-3-7A in [15] however left open how many and which DMRS to use and using only the first slot for the channel estimate is still in discussion. In our view all DMRS in the bundle should be used since the DMRS after the fist slot contain information about the changing channel and receiver will be able to make more informed estimate of channel for better reception. After all, intention was to bundle DMRSs.
Proposal 1: Use all DMRSs in the bundle for the channel estimate for the JCE test for the UE
If all DMRSs are used, receiver can try to match the estimate based on all those DMRSs and minimise the error of the estimate between them. What the process exactly is should be left to TE implementation, but we used least square error (LSE) in ours.   
2.1.3	How to manage the CFO
A common frequency error shows up as constant phase slope in the received signal and phase discontinuities between slots as jumps between the slots. From the current specification, the frequency error is compensated slot by slot bases using the three DMRSs per slot as defined in the UL RMC. Separately we should discuss how the frequency error will be compensated. It can be corrected slot by slot basis or then one correction for the whole bundle can be applied. If the correction is slot by slot basis, it allows UE to apply a frequency correction during the bundle.
Observation 1: Frequency correction in the JCE test can be either slot by slot basis or one correction applied to the whole bundle. 
Using the whole bundle for the CFO estimate is tighter requirement for the UE and as agreed in the issue 1-3-6 the compensation was left for the BS receiver but technically in both options the compensation is done by the receiver but the slot by slot option allows UE to correct the frequency during the bundle and TE will compensate it. If the requirement for JCE for the UE is defined so that all DMRSs are used fo the channel estimate and EVN is specified over the whole bundle, any frequency correction during the bundle will show as an EVN degradation and if large enough, the UE fail. So with this method, no additional requirement or test is needed to verify that UE disables the frequency correction during the bundle. 

2.1.4	Sample timing offset compensation
The current EVM process corrects for the sample timing in slot by slot basis as stated in the specification. Issue 1-2-1 left two options for the discussion on how to test this yet earlier agreement assumed TA adjustments should be avoided during the bundle [12]. If the test should correct for sample timing in slot by slot basis or apply one correction based on whole bundle estimate should be discussed. Both options can work since but applying only one correction based on estimate from whole bundle sets more stringent requirement for the UE.
Observation 2: Sample timing offset correction can be either slot by slot basis as currently in EVM test or then one correction based on estimate of the whole bundle can be applied. 
Using the whole bundle for the estimate forces the UE to suspend the autonomous TA for the duration of the bundle. 
2.2	Link simulation results
We performed a simulation campaign analysing the possible phase and amplitude variation values when the performance degradation due to UE imperfection is included and with the purpose to find out what would acceptable values. 
Reference used in the following link solution results was throughput of multiple slots without the JCE. For example, the “no bundling” curve in Figure 1 represents throughput of 8 slots without JCE i.e. channel estimate is made to each slot separately. The 2 slot case is then four separate 2 slot bundles. In this way, we can read the benefit of JCE looking one fixed BER value, e.g. 10-1. 
First, we analysed the maximum duration aspect of the DMNRS bundling. The Figure 1 shows the simulation results when same amount of phase variation is applied across the slots but number of bundled slots increase. 
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Figure 1. Increase in required CINR with same phase discontinuity for longer bundles 
Comparing CINR needed for the same throughput of 8 slots to 2 slots cases, in figure shown with brown and blue, we can observe that: 
Observation 3: With longer bundles with same phase variation in UE, more CINR is needed to achieve the same throughput
This sets a good way to define the maximum duration of the bundle for the UE. 
Next we looked at what would appropriate phase variation. From Figure 2 we can see that for 8 slot bundle, the 40 degree phase variation shows significantly higher CINR but with 20 deg variation the CINR is almost the same. 
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Fig 2. Increase in CINR requirement with different phase discontinuity values for 2 and 8 slots bundles 
Observation 4: UE can be allowed for 20 degree phase variation from slot to an other without much degrading the JCE benefit
Next we compared the option 1 (compare phase to slot #0) and option 2 (compare phase to slot #n-1) of Issue 1-3-7A in [15]. Overall the difference is small between the options.
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Fig 3. Option 1 (no phase acc.) vs option 2 (phase accumulation allowed) phase modelling impact to CIRN requirement
Observation 5: Phase model option 1 (no phase accumulation) and 2 (phase allowed to accumulate) have small impact on the JCE performance and can be left undefined
A carefull observer can notice one interesting thing: the option 1 (no phase acc) is actually worse with shorter bundles (4 in Figure 3) and option 2 shows worse behaviour only with longer bundles (8 in Figure 3). The light blue curve with triangles is below the darker blue with circles and the lighter red curve with triangles is above the darker red curve with Xs. This behaviour was verified with longer 16 slot bundles. Explanation is that the accumulation of phase to same direction over multiple slots is more likely to occur in long bundles and that will cause receiver to make a poor estimate of the channel if it uses all the DMRSs in the bundle. 
Next we looked at the LCE sensitivity for the amplitude variation. In Figure 4 we plot the required CINR for 20 degrees of phase variation with different amplitude variation values. A somewhat surprising finding is that the JCE process is rather robust to the amplitude variation.   
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Figure 4. CINR requirement with different amplitude variation values for different size of bundles
Observation 6: Amplitude variation has small impact on the throughput with JCE

2.3	EVM specification values
2.3.1	Reference EVM and process
As presented in [16], the with the JCE process and random phase and amplitude offset applied between the slots, the EVM degrades with longer bundle. In this section we repeated some of the simulations with uniform phase distribution and compared option 1 and option 2 of issue 1-3-2. 
We first analysed the EVM when there are no phase or amplitude discontinuities in the process. 
Table 1. EVM with No amplitude or phase variation for DFT-s,
	Bundle length (number of slots)
	AWGN = 
-40 dB. 

	Add phase noise
	Increase AWGN to -16 dB

	1
	-40.3
	-38.4
	-16.3

	2
	-40.2
	-37.0
	-16.2

	4
	-40.1
	-34.2
	-16.0

	8
	-40.1
	-29.8
	-15.9

	16
	-40.0
	-24.6
	-15.4



The JCE seems to make the EVM worse even without phase or amplitude discontinuities when phase noise is applied. Effect gets much smaller in the presence of thermal noise of about -16 dB. It should be noted that the SNR is increased due to JCE so these results should not be used to estimate the JCE process in whole. For this EVM analysis purposes it may not make sense to compare to the case with multiple slots in JCE but use the 1 slot as the baseline. 
For the reference case, the evaluation period for the EVM is one slot according to current requirements in TS 38.101-1 and 38.101-2. This 1 slot case sent the baseline here since the EVM requirement for QPSK is 15.1 dB. 
2.3.2	Results for the EVM requirement
For the next simulations, we decided to use the 1 slot case represent the baseline EVM. In this case the DMRS’s are used for the PUSCH on the same slot and there is no additional phase or amplitude error since everything gets compensated fully. In this simulation we assumed UE does not perform mid bundle correction frequency or adjust its timing. Receiver uses all the DMRSs in the bundle to make one estimate for the frequency error and time alignement. 

Table 1. EVM with No amplitude for DFT-s, X = phase variation
	Bundle length (number of slots)
	X=10 ⁰
	X=20 ⁰

	
	Option 1
	Option 2
	Option 1
	Option 2

	1
	-16.3
	-16.3
	-16.3
	-16.3

	2
	-15.3
	-15.7
	-13.5
	-14.6

	4
	-14.7
	-15.0
	-12.5
	-12.9

	8
	-14.5
	-14.0
	-12.0
	-10.8

	16
	-14.1
	-12.4
	-11.6
	-8.2


Table 2. EVM with 1 dB amplitude variation for DFT-s, X = phase variation
	Bundle length (number of slots)
	X=10 ⁰
	X=20 ⁰

	
	Option 1
	Option 2
	Option 1
	Option 2

	1
	-16.3
	-16.3
	-16.3
	-16.3

	2
	-14.3
	-14.5
	-12.7
	-13.6

	4
	-13.4
	-13.5
	-11.5
	-11.9

	8
	-13.0
	-12.6
	-11.0
	-10.1

	16
	-12.5
	-11.4
	-10.7
	-7.8



The values are highlighted for convenience in the table 2. This shows how using JCE EVM method we can set a properly testable requirement for the UE.
We can observe from table 2 that the option 2 is better for short bundles but the results get worse with longer bundles for the same amplitude and phase variation values. This is what we observed in observation 5 in previous section. Both models behave similarly worsening the EVM with larger values of bundles.  If for example, the requirement would be set to -13 dB of EVM, then the UE with 1 dB amplitude and 20 deg phase variation would be able to support bundle size of 2 or no bundling at all and with 10 deg phase variation it would able to support bundle size of  8 or 4 depending on the type of phase variation if exhibits. 
Observation 7: EVM requirement provides a way to set the JCE requirement for phase and amplitude variation for DMRS bundling
Further looking in to 2 dB amplitude variation values we can tabulate the Table 3.
Table 3. EVM with 2 dB amplitude variation for DFT-s, X = phase variation
	Bundle length (number of slots)
	X=10 ⁰
	X=20 ⁰

	
	Option 1
	Option 2
	Option 1
	Option 2

	1
	-16.3
	-16.3
	-16.3
	-16.3

	2
	-12.1
	-12.2
	-11.1
	-11.7

	4
	-10.7
	-10.8
	-9.6
	-9.8

	8
	-10.2
	-9.9
	-9.0
	-8.4

	16
	-9.8
	-8.9
	-8.6
	-6.6



With 2 dB amplitude variation, the EVM is impacted much more. With the same -13 dB EVM limit UE would not be able to support any DMRS bundling but the limit could be set to lower value, such as 9 dB, the UE could support 16, 8 or 4 slot bundles depending on the case as highlighted in Table 3. 
2.4	Merging the understanding from link and EVM sims
Comparing the EVM results and link simulation results, the 
Observation 8: with 20 deg of phase variation and 2 dB amplitude variation, the EVM requirement for the JCE process could be set to 9 dB
Proposal 2: Define UE requirement as EVM using JCE process 
To clarify and conclude some UE behaviour in sections 2.1.3 and 2.1.4 we propose descriptions for the JCE process in the TE to ensure UE behaves accordingly:
Proposal 3: In DMRS bundling test for the UE, assume UE does not change the frequency or adjust its timing during the bundle  
One possibility is to create a JCE frequency error requirement separately and refer to its conditions in the EVM test fro DMRS bundling. 
 
Conclusion
We discussed, showed simulation results and proposed:
For the discussion on the JCE process:
Observation 1: Frequency correction in the JCE test can be either slot by slot basis or one correction applied to the whole bundle. 
Observation 2: Sample timing offset correction can be either slot by slot basis as currently in EVM test or then one correction based on estimate of the whole bundle can be applied. 
For link simulation results:
Observation 3: With longer bundles with same phase variation in UE, more CINR is needed to achieve the same throughput
Observation 4: UE can be allowed for 20 degree phase variation from slot to an other without much degrading the JCE benefit
Observation 5: Phase model option 1 (no phase accumulation) and 2 (phase allowed to accumulate) have small impact on the JCE performance and can be left undefined
Observation 6: Amplitude variation has small impact on the throughput with JCE
For a summary of DMRS bundling requirements setting:
Observation 7: EVM requirement provides a way to set the JCE requirement for phase and amplitude variation for DMRS bundling
Observation 8: with 20 deg of phase variation and 2 dB amplitude variation, the EVM requirement for the JCE process could be set to 9 dB
Proposal 2: Define UE requirement as EVM using JCE process 
Proposal 3: In DMRS bundling test for the UE, assume UE does not change the frequency or adjust its timing during the bundle  
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Figure F.1-1: EVM measurement points




