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1. Introduction
In [1] there was discussion of whether it is necessary for the gNB to have knowledge of the SRS power relaxations taken by the UE so that the gNB can correct the SRS-based downlink channel estimate for these power relaxations.  In addition to the SRS power relaxations, downlink channel estimation will also be degraded if there are significant differences in the switching and trace losses between the UE receive antennas and the corresponding LNA’s. These unknown switching and trace losses are effectively part of the downlink channel, and yet are not observed during the measurement of the SRS. Thus, the gNB should correct the downlink channel estimate for these receiver insertion losses if known.
In this contribution, we focus on the possibility of unequal receiver losses and whether such losses should be included if the reporting of SRS power relaxations is agreed.
2. Effect of Unequal Receiver Losses on Channel Reciprocity
The scheduling of the downlink based on the measurement of uplink SRS transmissions depends on the assumption of channel reciprocity.  While the matrix channel  between the UE and the gNB antenna arrays is reciprocal, the conductive channels between the antenna connectors and the LNA’s and the PA’s and the antenna connectors may not be. It has already been identified that that there can be significant differences in the transmit power that reaches the antenna connectors due to unequal switching and trace losses from the PA’s to antenna connectors. As a result, substantial transmit power relaxations are allowed when transmitting SRS from receive-only antennas.  However, it is also possible that there are substantial differences in the receiver insertion losses for some, though perhaps not all, architectures.

Let  (in dB) denote the actual (uncompensated) loss from the PA to the j-th antenna connector and let  (in dB) denote the loss from the j-th antenna connector to the j-th LNA.  Let  denote  in linear terms so that

and similarly, let  denote the receiver insertion loss in linear terms, so that

As was shown in [2], the relationship between the channel measured by the gNB using SRS measurements and the effective channel  seen by the downlink transmission is given by


It is the effective channel  which determines the channel capacity and which should be used by the gNB to select the precoder and the MCS used for downlink transmission.
Observation 1:	It is the effective channel  which determines the channel capacity and which should be used by the gNB to select the precoder and the MCS used for downlink transmission.
Observation 2:	To correctly determine the effective downlink channel from measurement of uplink SRS transmissions, the receiver insertion losses  must be known to the gNB.
Observation 3: Unlike the allowed transmit insertion losses  which can be compensated at power levels below , the UE transmitter cannot compensate for differential receiver insertion losses.
Observation 4: Differential receiver insertion losses are present at all UE transmit power levels.
Observation 5:	Because the receiver insertion losses do not depend on the transmit power level, these losses do not need to be dynamically signalled.
The argument has been made in multiple contributions that the differences in the receiver insertion losses are minimal and need not be considered.  However, this is not always the case, and architectures for which the differences in the receiver insertion losses have significant differences should not be penalized.
As an example, we can consider the analysis and corresponding Figure 1 from [3]. 


Figure 1: UE architecture for SRS antenna switching capability of t4r8 (from [3])
For this example, the proposed relaxation was 2.5 dB for <3.5GHz and 3.5 dB for 4.9 GHz. Since the same DPDT switch lies between the PA and the first and second antennas, there is no difference in switch loss.  In this case, the proposed relaxation for the second antenna is entirely due to the difference in the allowed trace loss from PA to the second antenna relative to that allowed from the PA to the first antenna.  
This analysis assumes that the LNA for the second antenna is on the diversity board adjacent to the second antenna while the PA that is shared by the first and second antennas is located by the first antenna.  However, this assumption of the location of the LNA for the second antenna may not always be true. In some cases, such as for a foldable phone as in Figure 2, the LNA for the second antenna may be on the opposite side of the fold from the second antenna, and thus would see the same large trace loss when receiving as is allowed for SRS transmission. If such architectures are excluded from consideration, then the MIMO performance of these devices will be degraded relative to what could be achieved if the gNB were aware of the difference in receive insertion loss.
[image: ]
Figure 2:  Example of LNA physically separated from corresponding diversity antenna
Observation 6: The LNA for an antenna which is receive-only except for SRS transmission may not be immediately adjacent to the antenna and thus may experience significant trace loss (similar to the loss when transmitting SRS) relative to an antenna for which the LNA is assumed to be co-located with the antenna. 
Observation 7:	Ideally, the gNB should correct for the difference between the transmit loss and the receive loss given by .  If the UE reports  is large and  is also large (e.g., due to non-colocation of the LNA and the antenna) but unreported, the “correction” applied by the gNB may be in error by several dB and degrade performance relative to no signaling of .
Based on the above observations, we have the following proposal:
Proposal 1:	Static signalling of receive insertion loss or insertion loss differences should be allowed as optional in order to not penalize the performance of devices with different architectures.
3. Summary
In this contribution, we have considered whether it necessary to report differential receiver insertion losses in order to enable the gNB to properly determine the effective downlink channel from the uplink SRS measurements.  While for many architectures, this may not be necessary, there are cases such as when the form factor does not allow the placement of the LNA adjacent to the antenna for which trace losses can be large.  Based on this, we have the following observations and proposal. 
Observation 1:	It is the effective channel  which determines the channel capacity and which should be used by the gNB to select the precoder and the MCS used for downlink transmission.
Observation 2:	To correctly determine the effective downlink channel from measurement of uplink SRS transmissions, the receiver insertion losses  must be known to the gNB.
Observation 3: Unlike the allowed transmit insertion losses  which can be compensated at power levels below , the UE transmitter cannot compensate for differential receiver insertion losses.
Observation 4: Differential receiver insertion losses are present at all UE transmit power levels.
Observation 5:	Because the receiver insertion losses do not depend on the transmit power level, these losses do not need to be dynamically signalled.
Observation 6: The LNA for an antenna which is receive-only except for SRS transmission may not be immediately adjacent to the antenna and thus may experience significant trace loss (similar to the loss when transmitting SRS) relative to an antenna for which the LNA is assumed to be co-located with the antenna. 
Observation 7:	Ideally, the gNB should correct for the difference between the transmit loss and the receive loss given by .  If the UE reports  is large and  is also large (e.g., due to non-colocation of the LNA and the antenna) but unreported, the “correction” applied by the gNB may be in error by several dB and degrade performance relative to no signaling of .
Proposal 1:	Static signalling of receive insertion loss or insertion loss differences should be allowed as optional in order not to penalize the performance of devices with different architectures.
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