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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
This contribution is resubmission of the tdoc R1-2305838 in RAN1#113.
[bookmark: _GoBack]In [1], RAN4 asked RAN1 to consider the issue of insertion loss (IL) for the diversity branches and three potential solutions are provided in the Annex. In this contribution, we provide our views on this issue with simulation results. In the LS, it is assumed that Tx branches and Rx branches at UE are separate, and only IL differences among Tx branches are considered. However, it is common in UE hardware design target that Tx chains and Rx chains loss are the same except for the switches for SRS antenna switching.

2. Discussion 
Simulation assumption
[bookmark: _Hlk127519505][bookmark: _Hlk127519460]Below we evaluate impact of insertion loss in diversity branch on CSI acquisition on SRS. Table 1 lists the simulations assumptions.
Table1: Simulation assumptions
	Parameter 
	Value 

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30kHz

	Channel Model
	CDL-B, DS=100ns

	UE velocity
	3km/h

	Allocation bandwidth
	20MHz

	BS antenna configuration
	32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	1T8R: (M, N, P, Mg, Ng, Mp, Np) = (2,2,2,1,1,2,2), (dH,dV) = (0.5, 0.5)λ
1T4R: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ
1T2R: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	SU-MIMO layers
	2

	Link adaptation
	MCS adaptation

	Precoding and precoding granularity
	SVD based precoding with PRG=4

	SRS periodicity
	80ms

	SRS channel estimation
	Realistic channel estimation

	Receiver type
	MMSE



IL imbalance of SRS transmission
According to simulations assumptions in Table 1, following three cases are simulated with 1TXR antenna switching, where specific IL imbalances of SRS transmission are assumed for 2/4/8 Rx separately.
· Case 1: 1T8R, SRS IL imbalance = [0, -3, -3, -3, -4, -4, -4, -4] dB
· Case 2: 1T4R, SRS IL imbalance = [0, -2, -3, -3] dB
· Case 3: 1T2R, SRS IL imbalance = [0, -3] dB
In the simulations results below, we compare the PDSCH throughput performance of “no SRS IL imbalance”, “SRS IL imbalance without gNB compensation”, and “SRS IL imbalance with ideal/non-ideal gNB compensation” based on UE reporting in Figure 1.
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  c) 1T2R
Figure 1. Throughput evaluation for SRS IL imbalance


In Figure 1, for 1T8R and 1T4R, it’s observed that SRS IL imbalance would bring about 1dB throughput performance loss compared with the case of no SRS IL imbalance. Although UE reporting IL and gNB compensating the IL is a potential way to handle the IL imbalance, non-ideal UE reporting (including IL measurement error and IL reporting quantization error) and gNB compensation may not provide performance gain as expected. Especially, for 1T4R, non-ideal gNB compensation with 1dB power offset almost has no help for SRS IL imbalance. Moreover, for 1T2R, we can find that there is almost no performance loss caused by SRS IL imbalance, and gNB compensation is not helpful for 1T2R.
Observation 1: Performance loss due to SRS IL imbalance is limited for 1T4R and 1T8R, while there is almost no performance loss for 1T2R.
Observation 2: Due to non-ideal UE reporting and gNB compensation, including IL measurement error and IL reporting quantization error, performance gain of gNB compensation is marginal.

IL imbalance between UL and DL
In addition to IL imbalance caused by antenna switching between Tx and Rx, IL imbalance would also exist at different Rx chains when UE receiving downlink transmission. In this case, even if the IL imbalance caused by Tx antenna switching could be large, considering the IL imbalance at multiple Rx chains, the overall effect of IL imbalance would be limited. For instance, assume 1T8R, when IL imbalance of antenna switching between Tx and Rx are [0, -3, -3, -3, -4, -4, -4, -4] dB and IL imbalance existing at different Rx chains when UE receiving downlink transmission are [0, -2.5, -2.5, -2.5, -3, -3, -3, -3] dB, the equivalent IL imbalance between UL and DL would be [0, -0.5, -0.5, -0.5, -1, -1, -1, -1] dB. Moreover, the values of IL imbalance between UL and DL are variant, which depend on the frequency band and power class of UE.
For evaluating the performance loss caused by mentioned IL imbalance between UL and DL, following three cases are simulated with 1TXR antenna switching, where specific IL imbalances between UL and DL are assumed for 2/4/8 Rx separately.
· Case 1: 1T8R, IL imbalance between UL and DL = [0, -0.5, -0.5, -0.5, -1, -1, -1, -1] dB
· Case 2: 1T4R, IL imbalance between UL and DL = [0, -0.5, -1, -1] dB
· Case 3: 1T2R, IL imbalance between UL and DL = [0, -0.5] dB
In the simulations, the PDSCH throughput performances of no IL imbalance, IL imbalance without gNB compensation, and IL imbalance with ideal gNB compensation are evaluated. As shown in Figure 2, it can be observed that there is almost no performance loss for 1T8R/1T4R/1T2R, when considering the IL imbalance between UL and DL together.
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  c) 1T2R
Figure 2. Throughput evaluation for IL imbalance between UL and DL


Observation 3: Almost no performance loss is caused by IL imbalance for 1T8R/1T4R/1T2R, when considering the IL imbalance between UL and DL together.
Proposal 1: From PDSCH performance perspective, no enhancement is needed to address the UE IL imbalance issue.

3. Conclusion
In summary, the following observations and proposals are made for the UE SRS IL imbalance issue.
Observation 1: Performance loss due to SRS IL imbalance is limited for 1T4R and 1T8R, while there is almost no performance loss for 1T2R.
Observation 2: Due to non-ideal UE reporting and gNB compensation, including IL measurement error and IL reporting quantization error, performance gain of gNB compensation is marginal.
Observation 3: Almost no performance loss is caused by IL imbalance for 1T8R/1T4R/1T2R, when considering the IL imbalance between UL and DL together.
Proposal 1: From PDSCH performance perspective, no enhancement is needed to address the UE IL imbalance issue.

Reference
[1] R1-2302267, “LS on the UE SRS IL imbalance issue” RAN4, Huawei
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