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Introduction
Based on the first meeting discussion for Rel-19 LP-WUS, the issues to be further studied on Rx requirements excluding REFSNES, ACS and ASCS are captured in WF [1].
Agreement: 
· Apart from REFSENS, ACS, Rx requirements of IBB, OBB, intermodulation as well as spurious emissions should be specified for LP-WUR. 
· Other legacy receiver requirements are not precluded
This contribution provides analysis on other Rx requirements beyond REFSENS, ACS and ASCS.
Discussion
IBB and OBB
The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. Noted that spurious response is a measure to avoid failure for blocking test due to instinct character of some UE architectures design, e.g. IF architecture. In that sense, it is reasonable to keep the spurious response requirement for LP-WUR as well.
In the specification, the absolute interferer levels are adopted for both in-band blocking (IBB) and out-of-band blocking (OBB). IBB refers to interference that occurs within the second adjacent and next adjacent channels, while OBB occurs outside a frequency range 15 MHz below or above the UE receive band. The interference of IBB and OBB are higher than ACS. A figure in [2] is a good reference to illustrate the interfering levels of ACS, IBB and OBB, which is reproduced as below:


[bookmark: _Ref162425097]Figure 1: Interference of ACS, IBB and OBB [2]
The main challenges for receiver design in presence of strong interferer are the Rx chain dynamic range as well as the filter suppression capability, which could be the channel filters to alleviate interfering by ACS or IBB, or could be the band filter/duplexer to suppress OBB. 
Regarding the dynamic range, the main determining component is ADC. The more ADC bits, the larger dynamic range for the receiver. However, the ADC bits cannot be increased without limitation. The relationship between ADC bit depth and power consumption is typically inversely proportional. Higher bit-depth ADCs generally offer greater precision and resolution but tend to consume more power due to the increased complexity of circuitry required for finer quantization and digitalization. Conversely, lower bit-depth ADCs consume less power but sacrifice resolution and dynamic range.
In the context of 5G smartphones, ADCs with 12 bits or higher are commonly employed. These higher precision ADCs are favored to accommodate the demanding requirements of 5G communication, such as higher data rates and broader spectrum ranges. While some 5G smartphones may opt for even higher bit-depth ADCs like 14 or 16 bits for enhanced performance, the general trend revolves around 12 bits.
However, there's a trade-off to consider. LP-WUS which aims to minimize power consumption in smartphones, often utilize lower bit-depth ADCs to reduce power consumption. While this approach yields power-saving benefits, it may compromise the dynamic range and overall performance of the ADC. During the SI evaluation, 4 bits, 6 bits and 8 bits are considered for LLS simulation. Apparently, if low power consumption is the main target for LP-WUR design, it may not be possible that a LP-WUR could adopt the same ADC as MR, which means the dynamic range for LP-WUR could be sacrificed to some extent. 
On the other hand, due to the limited suppression capability of the LP-WUR filters, it cannot guarantee the same level of resistance against strong IBB and OBB interference as the main receiver (MR). 
Observation 1: LP-WUR may have less dynamic range and capability to resist against strong blocking interference as MR could do owing to the tradeoff for the implementation of low power consumption.
[bookmark: _GoBack]From requirements perspective, if the dynamic range and filter suppression capability for LR is not as good as MR, which end should be compromised for specifying the requirement? We think that better REFSENS to guarantee the coverage should have higher priority, as the NF is already expected much worse than MR. In this sense, probably the interference level should be relaxed to make it feasible for LR implementation. It is noted that the in-band blocking is from the non-coordinated NW and out-of-band blocking may come from other systems, if MR experiences such strong interference, LR will also be affected by these strong interferences. Due to the inherent low-power characteristics in the design of LP-WUR circuits, reliability may be compromised in scenarios with significant interference. If LR is blocked by strong interference, it may fail to timely awaken the main receiver. In such scenario, further consideration may be needed to determine if LR can operate effectively under strong interference.
Proposal 1: In order to guarantee the coverage of LP-WUR, the interference levels for IBB and OBB could be relaxed compared to the values defined for MR.
Proposal 2: FFS whether LR can work well in presence of strong interference. 
Intermodulation
Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal
This requirement is designed to verify the linearity of the Rx chain. Similar to the analysis of blocking requirement, the implementation of LR, specifically the linearity of the receiver may not as good as that for MR, thus, whether the LR can handle the same level of interferers should be further studied. 
Proposal 3: FFS whether intermodulation requirement needs to be relaxed for LP-WUR. 
Spurious emissions
The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector. In current specification, the power of any narrow band CW spurious emission shall not exceed the maximum level specified in Table below:
Table 1: General receiver spurious emission requirements
	Frequency range
	Measurement
bandwidth
	Maximum level
	NOTE

	30 MHz  f < 1 GHz
	100 kHz
	-57 dBm
	

	1 GHz  f  12.75 GHz
	1 MHz
	-47 dBm
	

	12.75 GHz  f  5th harmonic of the upper frequency edge of the DL operating band in GHz
	1 MHz
	-47 dBm
	2

	12.75 GHz – 26 GHz
	1 MHz
	-47 dBm
	3

	NOTE 1:	Unused PDCCH resources are padded with resource element groups with power level given by PDCCH as defined in Annex C.3.1.
NOTE 2:	Applies for Band that the upper frequency edge of the DL Band more than 2.69 GHz.
NOTE 3:	Applies for Band that the upper frequency edge of the DL Band more than 5.2 GHz.


For receiver, the emissions at the antenna connector usually come from the reverse LO leakage. Since the emissions could be considered as kind of regulatory requirements, the same levels for MR should also be defined for LR.
Proposal 4: The same level of receiver spurious emissions for MR shall be defined for LR as well. 
Spurious response
The source of generating spurious response includes mirror frequency interference, intermediate frequency interference, high-order mixing products of mixers, and other Nyquist zone aliasing of ADCs that happen to fall within the receiving band. These interferences cannot be processed by the receiver, thus causing a decrease in sensitivity. The only way to address this is by selecting appropriate intermediate frequency points, ADC sampling frequencies, and mixers with high-order suppression to reduce the number of spurious response points.
Spurious response reflects situations where the UE receiver architecture generates response points that cannot be adequately processed by the receiver. Blocking requirements cannot pass the test on these scattered points, therefore, spurious response can serve as a remedial measure for blocking tests. 
When encountering spurious response, the level of the interfering signal is uniformly relaxed to -44dBm, while the wanted signal remains the same as that for out-of-band blocking. 
Proposal 5: spurious response as a remedial measure for blocking tests needs to be considered for LP-WUR.
Conclusion
This contribution provides 
Observation 1: LP-WUR may have less dynamic range and capability to resist against strong blocking interference as MR could do owing to the tradeoff for the implementation of low power consumption.
Proposal 1: In order to guarantee the coverage of LP-WUR, the interference levels for IBB and OBB could be relaxed compared to the values defined for MR.
Proposal 2: FFS whether LR can work well in presence of strong interference. 
Proposal 3: FFS whether intermodulation requirement needs to be relaxed for LP-WUR. 
Proposal 4: The same level of receiver spurious emissions for MR shall be defined for LR as well. 
Proposal 5: spurious response as a remedial measure for blocking tests needs to be considered for LP-WUR.
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