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1.	Introduction
In this contribution we provide some supplemental information to the previously submitted contribution [1] at RAN4 #94-e. Most of contents except one are already provided as reply comments during the second round discussion at #94-e [2], and we summarize them in this contribution. We also raise one justification to apply the higher transmission power to the uplink signals.
 
2.	Discussion
2.1 Background
A testability issue with the out of band blocking requirement was raised at the RAN4 #94-e meeting [1]. The root cause of this issue is coming from a lack of dynamic range within a commercially available 14-bit AD converter in our test equipment (e.g. spectrum analyzer). However there was a misalignment of assumptions between companies to estimate a dynamic range of the test equipment at following points.
· Assumption of ADC dynamic range
· Noise floor of test equipment across the channel bandwidth
· Required SNR to receive the signals from UE
 There was also a concern raised by chipset vendor and UE vendor regarding the additional IMD issue caused by the consequences of changing uplink power whose downlink is being tested.
 We explain each item from next sub clause.

2.2 Assumption of ADC dynamic range
Figure 2.2-1 is extracted from the previous paper [1] for reference. 
ADC upper limit
ADC floor noise -60dBFS/1GHz
15 dB – crest factor margin
30 dB – measurable UL signal range
15 dB – Necessary SNR for QPSK (EVM: 17.5%)
Full scale
60dB

Figure 2.2-1: Available dynamic range for UL signal measurement
 Here you can see our assumption of dynamic range with ADC as 60 dB full scale. On the other hand, there was an indication that the dynamic range of 14 bit ADC should be approximately 14*6 =84 dB based on the idea of quantization noise. However this equation applies only to the calculation of ideal cases and it is not realistic to use it during the estimation of actual dynamic range. If we see the datasheet of commercially available ADC, we can find the specification called “Effective number of bits (ENOB)”. We have to use this parameter when we calculate the actual SNR, and the average ENOB in a case of 14 bit ADC is around 10 or less. Table 2.2-1 is an extract from the datasheet of ADC32RF45 14 bit 3GSPS ADC as an example [3]. 
Table 2.2-1: Extract of 14bit 3GSPS ADC datasheet
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Observation 1: It is not practical to use the ideal equation to derive dynamic range based on the quantization noise.
Observation 2: Effective number of bits with 14-bit ADC (3 GSPS) is approximately 10 bits or less. 
Therefore 10-bit * 6 = 60 dB is already the same range which is defined as the current test condition (difference of power level between two UL signals) even if we do not take account of other factors such as the noise floor level and the crest factor margin. And we think we already have the enough reason to say we have the testability issue.
There might be an idea to use 16-bit ADC, but we believe we cannot find a product which has enough dynamic range like 80 or 90 dB even within the state-of-the-art products.
Observation 3: Even the 16-bit ADC cannot achieve the current required dynamic range.

2.3 Noise floor of test equipment across the channel bandwidth
 There was another indication that the noise floor is calculated across the whole 1GHz bandwidth, and since the LTE/NR signals (channel bandwidth) are much narrower, this will result in an additional dynamic range increase.
 We think this indicates that we can have an improvement of dynamic range by an oversampling effect. However as we showed in our previous paper [1], we are assuming the NR case whose channel bandwidth is up to 800 MHz. Compared to the 1 GHz bandwidth, we cannot obtain sufficient effect by this oversampling. Even though we may limit the channel bandwidth up to 400 MHz, we still have only 4 dB gain or so, which is not enough to compensate the crest factor margin and noise floor level.
Observation 4: We cannot obtain increase of dynamic range by oversampling effect which is sufficient to compensate for the crest factor margin and noise floor level of test equipment.

2.4 Required SNR to receive the signals from UE
 Last indication is that the required SNR to receive the signals from UE should be much lower than 15 dB. This might be true with the product from other TE vendors and also if we allow some level of increase in an error rate. We appreciate if we can hear views from other TE vendors. But again, even though we may be able to reduce this part down to 10 dB it is not possible to reduce this down to 0 dB. And the situation is still same, we run short of the total dynamic range in the test equipment. 
Observation 5: If we allow some level of increase in an error rate, we may be able to lower the required SNR to receive the signals from UE. But it cannot be 0 dB. 

2.5 Additional IMD product issue
  For the concern raised by companies on the additional IMD product issue, we assume the increase of uplink power should be allowed based on the already existing out of band blocking requirements for inter-band CA cases in both TS 36.101 [5] and TS 38.101-1 [6]. As mentioned below in the extracts, current OoBB requirements of inter-band CA for both E-UTRA and NR are defined with uplink power set to 7 dB below PCMAX_L,c  for each serving cell c. Therefore the OoBB test requirements for EN-DC should be able to satisfy the same requirement regardless of the RAT and thus the uplink power whose downlink is being test should be able to be raised upto 7 dB below PCMAX_L,c. also in the EN-DC requirements.
Observation 6: Compared to the inter-band CA requirements in both E-UTRA and standalone NR, Transmitter power for the uplink shall be able to be set upto 7 dB below PCMAX_L,c also with EN-DC requirements. 
Extract from TS 36.101
	[bookmark: _Toc368026382]7.6.2.1A	Minimum requirements for CA
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The throughput in the downlink measured shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0. For E-UTRA CA configurations including an operating band without uplink operation (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the uplink active in the band(s) capable of UL operation. For the E-UTRA CA configurations  with band 46 or Band 49, the parameters specified in Table 7.6.2.1A-0 are replaced by those specified in Table 7.6.2.1A-0a. The UE shall meet these requirements for each component carrier while all downlink carriers are active.
For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the out-of-band blocking requirements specified above shall be met with the transmitter power for the uplink set to 7 dB below PCMAX_L,c  for each serving cell c.


Extract from TS 38.101-1
	[bookmark: _Toc21344483][bookmark: _Toc29801971][bookmark: _Toc29802395][bookmark: _Toc29803020]7.6A.3.3	Out-of-band blocking for Inter-band CA
For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one NR band, the out-of-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. For NR CA configurations including an operating band without uplink band or an operating band with an unpaired DL part (as noted in Table 5.2-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of UL operation. The UE shall meet the requirements specified in clause 7.6.3 for each component carrier while all downlink carriers are active.
For inter-band carrier aggregation with uplink assigned to two NR bands, the out-of-band blocking requirements specified in clause 7.6.3 shall be met with the transmitter power for the uplink set to 7 dB below PCMAX_L,f,c  for each serving cell c.



2.6 Summary 
 By the analysis from 2.2 to 2.4 above, there might be a way to slightly improve the dynamic range in the test equipment. However there is still a huge gap between the current test condition and the achievable dynamic range with the test equipment such as approximately 20 dB. 
Observation 7: Even with some solutions which are applicable to the measurement assumptions, there is still a huge gap between the current test condition and the achievable dynamic range with the test equipment.
 Considering the original discussions while the OoBB requirements were introduced in TS 38.101-3 and also for taking into account of comments at the #94-e meeting [2], we down selected option 3 from possible options. Options which were proposed at the last meeting [1] are extracted for reference below.
Option 1: PCMAX_L – 4 dB for both E-UTRA and NR UL 
Option 2: PCMAX_L – 7 dB for both E-UTRA and NR UL 
Option 3: PCMAX_L – 4 dB (UL for the source of IMD) and PCMAX_L – [14] dB (UL whose DL is being tested) 

 One possible compromise is to separate the test conditions depending on the antenna configuration in the DUT. As we described in the previous paper, the issue occurs only when one antenna is shared between E-UTRA and NR in FR1 EN-DC UE.  However variety of the test conditions depending on the UE design should be avoided. 
Observation 8: The test condition might be able to be separated depending on the antenna configuration in the DUT. But variety of the test conditions depending on the UE design should be avoided.
Proposal 1: Change UL signal level settings of out-of-band blocking requirement for FR1 EN-DC UE as follows.
	 PCMAX_L – 4 dB (UL for the source of IMD) and PCMAX_L – [14] dB (UL whose DL is being tested) 


3. Conclusion
In this contribution we summarized our previous discussion points during the last #94-e meeting in February and also added one idea for justification to apply higher UL power for OoBB test.
Observation 1: It is not practical to use the ideal equation to derive dynamic range based on the quantization noise.
Observation 2: Effective number of bits with 14-bit ADC (3 GSPS) is approximately 10 bits or less. 
Observation 3: Even the 16-bit ADC cannot achieve the current required dynamic range.
Observation 4: We cannot obtain increase of dynamic range by oversampling effect which is sufficient to compensate for the crest factor margin and noise floor level of test equipment.
Observation 5: If we allow some level of increase in an error rate, we may be able to lower the required SNR to receive the signals from UE. But it cannot be 0 dB. 
Observation 6: Compared to the inter-band CA requirements in both E-UTRA and standalone NR, Transmitter power for the uplink shall be able to be set upto 7 dB below PCMAX_L,c also with EN-DC requirements. 
Observation 7: Even with some solutions which are applicable to the measurement assumptions, there is still a huge gap between the current test condition and the achievable dynamic range with the test equipment.
Observation 8: The test condition might be able to be separated depending on the antenna configuration in the DUT. But variety of the test conditions depending on the UE design should be avoided.
Proposal 1: Change UL signal level settings of out-of-band blocking requirement for FR1 EN-DC UE as follows.
	 PCMAX_L – 4 dB (UL for the source of IMD) and PCMAX_L – [14] dB (UL whose DL is being tested) 
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