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1 Introduction
WF[1] for UL calibration gap was approved:
· Further study in phase I is needed to focus on: 
· Study to improve UE RF requirement enhancement of coherent UL MIMO usage case in a similar open manner as for other usage cases.
· Enhanced testable UE requirements also need to be justified over the additional complexity and performance loss caused by UL gaps
In RAN #92-e, new objective for coherence calibration gap is added into the revised WID[2].

This paper provides further analysis and proposal on UL calibration gap for coherence. 
2 Discussion
2.1 Coherent UL MIMO calibration
2.1.1 Coherent UL gap related performance gain 

Coherent UL MIMO and corresponding TPMI precoder is introduced from NR Rel-15. Applying with coherent precoder can makes transmission data on different layer be orthogonal to each other in which the orthogonality suppress inter-layer interference, hence the uplink throughput performance is largely improved. Network performance gain introduced by coherent MIMO is already provided in previous RAN4 meetings.
Currently, coherent UL MIMO is highly possible cannot be used in the real network, because the RF requirements is highly limited by different conditions, including DRX on, BWP switching, SRS switching, DL measurement gap, etc. Once one of the conditions is configured by the network, there is no RF requirement defined by RAN4, thus no test would be done under these conditions.
Observation1: there is no RF requirements for coherent UL MIMO under multiple conditions, including DRX on, BWP switching, SRS switching, DL measurement gap, etc.

With configured calibration gap, UE can utilize the period the adjust the phase on the Tx ports to ensure relative phase difference is aligned with last transmitted SRS within certain phase offset level, e.g. <40 degree.
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Fig 1. relative phase error between SRS and PUSCH transmission

In previous meetings discussion, companies propose to provide clear UE requirement improvements to prove the benefit of coherence calibration gap.
Firstly, we can improve the RF requirements under different side condition, which currently do not have RF requirement in the spec: 40 degree relative phase difference and 4dB power difference for side conditions:

-
UE is signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config

-
UE enter DRX OFF time 
-
Measurement gap occurs

-
SRS transmission with the usage antenna switching occurs

-
Active BWP switching occurs
-
EN-DC and CA configuration is changed for the UE
Secondly, we consider whether 40 degree and 4dB requirement need to enhance further, which requires for simulation to prove there is corresponding performance improvement. We provide the simulation results here:
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Fig 2 performance gain by reaching 20 phase error and 40 degree phase error

It is observed there is about 8% mean TP gain and max TP gain when compared between 20 degree and 40 degree phase error. With calibration gap, we can expect UE improves on the relative phase difference.
So we provide 2 options on providing clear UE requirement improvements by using coherence calibration gap in Proposal 1.

Proposal 1: UE requirement improvement by using coherence calibration gap can go with one of following options:
· Option 1: Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
· Option 2: Improve the relative phase difference by using the calibration gap, e.g. 30 degree, but the conditions are limited as in current TS 38.101-2, e.g. no BWP switching, no measurement gap.

Proposal 2: RAN4 confirms the work on performance gain introduced by coherence calibration gap (i.e. power and phase maintain between UE RF chains) can be concluded.

2.1.2 How to implement the coherence calibration

We provide 2 examples to implement the coherence calibration:

· Example 1:

As shown in Fig 3, the calibration gap could be configured at the first X symbols(X can be 2OS) of the PUSCH transmission, UE still transmit PUSCH in the gap period with the configured precoder that depending on SRS measurements. Simultaneously, UE can also detect and calculate the phase difference on each PUSCH port compared with the SRS signal just transmitted. theoretically, UE could compensate the phase difference in very high accuracy cause Baseband do the calculation and compensation.
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Fig 6 UE could calculate and compensate the phase difference on the gap period
It is worth noting that several problems could be considered more for the coherence calibration from spec perspective:

1. DMRS position: considering gNB side will use DMRS for channel evaluation, if DMRS is configured within the gap period, then the left compensated symbols are not demodulated with correct channel evaluation result. So for this case, we think gNB and UE need to know the calibration gap configuration and avoid DMRS configured in the calibration gap. 

2. The network impact introduced by the gap: considering UE still transmit PUSCH on the calibration gap, and the gap is only required when there is PUSCH scheduling with MIMO. So actually there is no influence on network performance caused by the gap. The only improvement is UL performance gain.

· Example 2:

As shown in Fig 3, gap period can be also outside the PUSCH transmission, it occupies additional symbols, which is similar as gap for proximity calibration. However, this gap can be adjacent to PUSCH transmission, UE can adjust the phase difference between last transmitted SRS in this period. The transmit power need to meet off power requirement, such that the gap can be configured to other users. It is also worth noting that, with this case, UE need to know the PUSCH transmission phase status in advance, the compensation accuracy would rely on more calibration work.
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Such gap pattern are just examples for coherence calibration, it still need RAN4 to further study in phase II.
Proposal 3: RAN4 confirms the work on performance loss caused by UL gaps for coherence is concluded, there is No performance loss caused by UL gaps configured for coherence calibration.
3 Conclusion

In this contribution we discussed on the open issues on gaps for self-calibration and monitoring, according to the analysis, we have the following proposals: 
Observation1: there is no RF requirements for coherent UL MIMO under multiple conditions, including DRX on, BWP switching, SRS switching, DL measurement gap, etc.

Proposal 1: UE requirement improvement by using coherence calibration gap can go with one of following options:

•
Option 1: Specify 40 degree relative phase difference and 4dB power difference for side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc.

•
Option 2: Improve the relative phase difference by using the calibration gap, e.g. 30 degree, but the conditions are limited as in current TS 38.101-2, e.g. no BWP switching, no measurement gap.

Proposal 2: RAN4 confirms the work on performance gain introduced by coherence calibration gap (i.e. power and phase maintain between UE RF chains) can be concluded.

Proposal 3: RAN4 confirms the work on performance loss caused by UL gaps for coherence is concluded, there is No performance loss caused by UL gaps configured for coherence calibration.
References
[1] R4-2105394, “WF on FR2 enhancement part 3: UL gap”, Apple, RAN4 #98bis-e
[2] RP-211538, “Revised WID Further enhancements of NR RF requirements for frequency range 2 (FR2)”, Nokia, RAN #92-e
3GPP


[image: image1][image: image6.png]1st PUSCH 2t PUSCH

I\ \
\

Gap period on the first 2 OS for
PUSCH transmission



[image: image7.png]06

—e— ¢209.0 40 Rise
meankise

05

01

00

S 6 5 10 15 20 2 30
SNR[dB]



[image: image8.png]06

—e— ¢209.0 20 ise
meankise

01

00

S 6 5 10 15 20 2 30
SNR[dB]



