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1 Background

At RAN#89 a new rel-17 RAN4 WI “New WID on NR RF Enhancements for FR2” [9] was approved. One part of the objective is to Study UL gaps for self-calibration and monitoring:
· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including

· PA efficiency and power consumption

· Transceiver calibration due to temperature variation 

· UE Tx power management

· Others self-calibration and monitoring are not precluded

· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behavior i.e. if gaps are not available for UE requesting gaps.

Similar discussions/analyses was held, in various RAN groups, back in 2017 and 2018 as part of the first NR Rel-15 “NR_newRAT-Core” Work Item (See part of the Reference list). It was then concluded that no Self-calibration or monitoring GAPs was needed.
At RAN4#97-e a paper in R4-2016061[2] (an update of a rel-15 paper R4-1802358) was provided where the following observation and proposal was made: 
Observation 1: When previously analysed as part of the NR rel-15 NR core Work Item, no need for introducing Self-calibration or monitoring GAP(s) was found.
Proposal 1: We propose that the claimed MOP/ACLR gains and UE cost aspects with PCG be elucidated fully in relation to other low-complexity linearization methods, BS scheduling complexity, and network performance before any decision of PCG specification is taken.
1.1 Way Forward, summary from RAN4#97-e

A Way Forward was agreed at RAN4#97-e in R4-2016919[1]. Here follows a summary of the WF.

Use cases were narrowed a bit to:
· UE power/coverage enhancement

· PA calibration
· Transceiver calibration

Candidate metrics for UL gap performance gain was agreed to be the following:

· more UL power to enhance the coverage
· less MPR allowance to enhance the high MCS coverage
· better EVM, IQ imbalance, Carrier leakage to improve signal quality
· Better emissions performance to reduce adjacent channel interference and inband emission
· More accurate power control
UL GAP categories
· UL gap can be further classified into two types based on UE behavior during the gap

· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.
Performance evaluation
· Focus on testable improvements (W and W/O GAP) Rel-16 as baseline

· Performance gain needs to be shown on top of the Rel-16 UE requirements.

· NW and system impact related evaluation include impact of scheduling restriction, UL overhead (GAP length, periodicity) and potential UL interference during calibration GAP.

· Evaluation can be done after further details are agreed

1.2 Examples of current uncertainty and accuracy levels for FR2
The performance gain for usage of UL GAP must be substantial in order not to “drown” in e.g. measurement uncertainties or UE power accuracies
Below follow two examples to provide some input on the large uncertainties and accuracies. First is an example for Maximum Output Power for CA (partly copied from R4-2015978, titled “Modification of FR2 MOP verification with account of the 38.213 scaling rule”) that shows the current situation and problems with regards to the large power tolerances and the UE output power accuracies.
Example1:
The main problems in the UL are the large power tolerances of the maximum output power and the UE output power accuracies. The tolerances mean that the UE PASS/FAIL limit in maximum output power conformance tests is much lower than the nominal EIRP,

1. Best case, QPSK and no back-off allowed, the PASS/FAIL limit would be 23 dBm [power class] – 0 dB [MPR] – T(0) [Pcmax tolerance] – 3 dB [Test Tolerance] = 20dBm which can be verified. Notice that this would also be the PASS/FAIL limit for non-CA.

2. Not so good case, 64QAM (similar for 16QAM), the PASS/FAIL 23 dBm [power class] – 9 dB [MPR] – T(9) [Pcmax tolerance] – 3 dB [TT] = 6 dBm in case the SCells are not dropped (same for non-CA), this is too low for verification of the ACLR requirements (the TE noise floor of -7.6 dBm/400 MHz would yield an ACLR < 6 + 7.6 = 13.6 dBc < 17 dB as measured across 400 MHz The results is similar for 16QAM.
The UE is assumed to be compliant with the maximum output power at these PASS/FAIL limits. The latter is impossible to verify (too low level for the test system, unwanted emissions cannot be measured), which is the problem RAN4 should consider. Note that these are the actual limits and not only a conformance testing problem 

Example2:
Another example is the accuracy and tolerance in the “absolute output power accuracy requirement” which is +/- 12 dB at best (TS38.101-2, table 6.3.4.2-1). 
Note that in addition to this the Test Tolerance for conformance testing needs to be added to the accuracy requirements making them looser. Currently the TT is not defined by RAN5 in TS38.521-2 for this test.In the two examples above we have shown that the required performance gain for PCGs over the current baseline in Release 16 needs to be in the range of several dBs in order not to drown in large Test Tolerances and Measurement uncertainties. If studies show that the gain is merely fraction of dBs the standardization and implementation efforts is not justified.

Proposal 2: The performance gain for utilizing PCG or self-calibration gaps shall be several dBs relative to release-16 levels. New test cases shall be implemented, for every candidate metrics (e.g. less MPR, better EVM, better emission performance etc.), to cater for the verification of PCG’s.
2 Observation

Observation 1: When previously analysed as part of the NR rel-15 NR core Work Item, no need for introducing Self-calibration or monitoring GAP(s) was found.

3 Proposal
Proposal 1: We propose that the claimed MOP/ACLR gains and UE cost aspects with PCG be elucidated fully in relation to other low-complexity linearization methods, BS scheduling complexity, and network performance before any decision of PCG specification is taken.

Proposal 2: The performance gain for utilizing PCG or self-calibration gaps shall be several dBs relative to Release-16 levels. New test cases shall be implemented, for every candidate metrics (e.g. less MPR, better EVM, better emission performance etc.), to cater for the verification of PCG’s.
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