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1. Introduction
In a previous contribution [1], we highlighted some of the mechanisms that can affect net throughput in a system employing coherent UL-MIMO. In [2], we discussed different types of UL-MIMO, and proposed a guideline specification format for parameters that are critical to successful implementation of coherent UL-MIMO. In [3], several network simulation assumptions were proposed as a reasonable starting point for efforts to quantify UE parameter variation limits for coherent UL-MIMO.
In this contribution we present our network simulation results on coherent UL-MIMO operation. We discuss conclusions that can be drawn from the data. Finally, we propose a spec limit on UE performance that would allow retention of most of the benefits of ideal coherent UL-MIMO performance.
2. Discussion

We present our network simulation parameters first. We then present results from our simulations, along with our observations, finally leading up to a UE spec proposal.
 Network Simulation Assumptions

The following network assumptions were employed in the simulation:
· UE antenna : 2 ports (V-pol)
· gNB antenna : { 2, 32 } ports 
· 8 tx elements combined in vertical domain for each port, V-pol
· Precoder: NR 2 Tx codebook
· Scheduler: Joint FDMA (4 subbands) and SDMA (SU and MU MIMO)
· Layout: 57-cell, 10 UEs/cell, RMA (ISD = 1732m) and UMA (ISD = 500m)
· Power error limit (dB) Q 
= 0 to 10 dB, between chains
· Phase error (degrees) θ 
= 0 to 60 degrees, between chains
· Other assumptions: 
· Full-buffer traffic
· 3.5 GHz carrier frequency, 20 MHz system bandwidth 
· Power control: Open-loop, alpha = 0.9, 23 dBm max power
· Simulation duration: 2 seconds (4000 slots)
Network Throughput Performance Simulation Results

We investigate the effects on throughput from the mechanisms highlighted in [2].
Time Gap Between SRS and PUSCH
The network may choose to assign the UL-MIMO pre-coder matrix several slots in advance of the actual transmission. The resultant latency between the SRS sent by the UE and the UL-MIMO PUSCH causes the BS to lose visibility on how the channel progressively de-correlates over that time gap. This phenomenon can be seen in figure 2.1.1 as progressively lower throughput rates, as latency increases. Horizontal axes describe absolute values of chain to chain mismatch, relative to their values at SRS.
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Figure 2.1.1
Data in figure above is normalized to the ideal condition, with no phase or amplitude errors in the UE’s twin UL-MIMO chains, and a static channel. Also included is an arbitrary limit of 95% ideal throughput, for reference purposes.

Observation 1: System throughput reduces as the channel drifts away from the snapshot taken by the SRS. 

This observation reinforces the subjective notion that frequent SRS will benefit coherent UL-MIMO performance. Note speed of degradation of coherent UL-MIMO performance due to channel drift. Extrapolating from our simulations, we estimate that PUSCH scheduled a mere 6 slots away from SRS has significant throughput degradation (>5%). This observation suggests frequent SRS is necessary to retain sufficient coherent UL-MIMO performance over time.
Observation 2: Frequent SRS is necessary to retain sufficient coherent UL-MIMO performance over time.

Phase and Gain Imbalance in UL-MIMO Chains
Various transient asymmetries in gain and phase of the UE’s twin UL-MIMO chains allow loss of coherence to creep in to the channel. To dissociate the effect of channel drift from UE imbalance, we chose a hypothetical case of an SRS immediately preceding each slot of PUSCH. The implication is that channel conditions are updated on a slot-by-slot basis, and any throughput degradation comes primarily from UE gain and phase drift.
Figure 2.2.2.a shows the effect of such imbalance on the throughput of a system employing 2x2 SU-MIMO on all its UEs. Horizontal axes describe absolute values of chain to chain mismatch, relative to their values at SRS. This configuration appears relatively robust to both, gain and phase imbalances respectively, of the UE.
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Figure 2.2.2a

Figure 2.2.2.b shows the effect of gain and phase imbalance on the throughput of a system employing 32x2 SU-MIMO on all its UEs. Horizontal axes describe absolute values of chain to chain mismatch, relative to their values at SRS. This configuration has much higher overall throughput than a 2x2 system, but it appears somewhat less robust to UEs with imbalance. Relative to 2x2 SU MIMO. 
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Figure 2.2.2b
Figure 2.2.2.c shows the effect of gain and phase imbalance on the throughput of a system employing 32x2 MU-MIMO on all its UEs. Horizontal axes describe absolute values of chain to chain mismatch, relative to their values at SRS. This configuration has much higher overall throughput than a SU-MIMO 32x2 system. The system appears robust to UEs with imbalance in an Urban Macro setting but appears more sensitive in a Rural Macro setting. 
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Figure 2.2.2c

Observation 3: System throughput reduces as UE phase and gain imbalances are allowed to increase. 

Since the throughput appears relative insensitive to +/-30 degrees of mismatch, we extended the 32x2 MIMO study to cover +/-60 degrees of mismatch. We also acknowledge that maintaining gain balance to a smaller range than studied is practical, so we reduced the range of the same to +/-5dB. Figure 2.2.2.d and 2.2.2.e contain respectively, throughput data for SUMIMO and MUMIMO.
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Figure 2.2.2d 












Figure 2.2.2e

Observation 4: System throughput is relatively robust to phase imbalance of +/-60degrees and a gain imbalance of +/-2dB.
It is worth noting that observations 3 and 4 are derived by contriving to zero-out the phase drift in the channel on a slot-by-slot basis. While this arrangement is not practical, it allows us to determine limits for UE performance between channel condition updates (i.e SRS). Observation 4 can be refined as:
Observation 5: System throughput is relatively robust to phase imbalance of +/-60degrees and a gain imbalance of +/-2dB over [TBD] slots, relative to the ‘starting’ imbalance at SRS instant.
3. Conclusion
In general, simulation confirm intuitive guess on trends in system throughput, as a function of imbalance.

If we look closer however, stronger conclusions can be drawn. From our simulation work, it appears that majority of the throughput degradation will be caused by channel condition drifting between SRS and associated PUSCH. Network performance will benefit from frequent SRS, because it helps zero out channel drift. Without frequent SRS, coherent UL-MIMO performance will devolve to that of non-coherent UL-MIMO. The speed of this degradation depends on how fast the actual channel decorrelates over time.
Observation 2: Frequent SRS is necessary to retain sufficient coherent UL-MIMO performance over time

Simulations also point to reasonable goals for the UE to support coherent UL MIMO. We summarize these goals as spec proposals for the UE:

Proposal: A UE that supports coherent UL-MIMO shall maintain phase imbalance of less than 60degrees and a gain imbalance of less than 2dB, between its two Tx chains, over [TBD] slots, relative to imbalance at SRS instant.
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