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Background
At RAN#92e the WID for rel-17 RAN4 WI was revised as “Revised WID Further enhancements of NR RF requirements for frequency range 2 (FR2)” [1] was approved. One part of the objective is to Study UL gaps and the use cases for this objective was limited/updated to also include Coherent UL MIMO:
· 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
· Coherent UL MIMO
· 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. Discussion on release independence aspects.
This update of the WID was following the agreement from RAN4 in the WF found in [2].
WF on gaps at RAN4#99-e
At RAN4#99-e a WF was agreed in [2] and the part covering Coherent UL MIMO is copied below:

Way forward – Coherent UL MIMO
Agreements:
· UL gap for coherent UL MIMO is within the scope of WI for FR2 enhancement.
· We should follow the previous agreement for the further discussion in phase I.
· Performance gain of coherent MIMO with calibration versus different gap overhead.  
· NW impacts with respect to gap type (e.g. type 1 or 2) and the codebook assumption alignment between UE and NW

In addition to the WFs from the last two meetings the following was captured in the RAN4 meeting report from RAN4#98-bis“Chair: RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear.”
Observation 1: RAN4 shall follow the directive from the meeting report from RAN4#98-bis “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
Discussion
At RAN4#99e a paper in R4-2107857 [2] from Huawei, HiSilicon gives input to how the current Coherent UL MIMO feature can be improved by the usage of UL calibration gaps. Essentially making it possible for a UE to fulfill the conditions related to the requirements listed in TS 38.101-2, 6.4D.4. See below (copied from [2]) the following observation is made in [2], “Observation 2: The limitation configurations for UE to maintain coherent UL MIMO in TS 38.101-2 are not avoidable in a real network, which makes coherent UL MIMO only paperwork.”
	[bookmark: _Toc21340898][bookmark: _Toc29805345][bookmark: _Toc36456554][bookmark: _Toc36469652][bookmark: _Toc37254061][bookmark: _Toc37322918][bookmark: _Toc37324324][bookmark: _Toc45889847][bookmark: _Toc52196508][bookmark: _Toc52197488][bookmark: _Toc53173211][bookmark: _Toc53173580][bookmark: _Hlk528918230]6.4D.4	 Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different physical antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each physical antenna port is larger than 0 dBm for SRS transmission and for the duration of time window. The requirement is verified with the test metric of EIRP (Link=TX Beam peak direction, Meas=Link angle).
[bookmark: OLE_LINK7]Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements apply when all of the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))




List of observations/questions
Based on the suggested solution in [2] where essentially the first (1-3?) UL slots of a PUSCH transmission are used for UE calibration in parallel with the PUSCH data the following observations are made:
[bookmark: _Hlk78824631]Observation 2: No “normal” gaps are needed to be pre-configured over RRC.
Given Observation 2 above it can be questioned if this method belongs to this part of the Work Item.
Observation 3: The details of the UL calibration is not fully described, e.g. number of slots used by the UE.
Observation 4: It’s indicated in [2] that there is no impact on performance loss caused by the calibration in UL. However, given observation 2 above, we believe that it’s too early to state no performance impact.
Observation 5: There is no gain in performance using the calibration in comparison with legacy coherent UL MIMO. 
List of open issues/
Based on the suggested solution in [2] we list the following list of open issues:
1. The usage of UL slots for UE calibration (for coherent UL MIMO) must be synchronized between gNB and UE. This will need RAN1 involvement if it will be done via e.g. codebook usage. Hence this has a possible impact on RAN1 specifications.
2. The details of e.g., the length (in UL slots) for a calibration must be settled/agreed between RAN4 and RAN1.
3. Identifying any gain of the proposed calibration method compared to legacy coherent UL MIMO requirements

Proposal 1: Agree on the list of open issues.
 
Observations and Proposals
Based on clause 2 we observe and propose the following: 
Observation 1: RAN4 shall follow the directive from the meeting report from RAN4#98-bis “RAN4 will not define any requirements until the corresponding testing methodology for the performance enhancement is clear”
Observation 2: No “normal” gaps are needed to be pre-configured over RRC.
Observation 3: The details of the UL calibration is not fully described, e.g. number of slots used by the UE.
Observation 4: It’s indicated in [2] that there is no impact on performance loss caused by the calibration in UL. However, given observation 2 above, we believe that it’s too early to state no performance impact.
Observation 5: There is no gain in performance using the calibration in comparison with legacy coherent UL MIMO.
Proposal 1: Agree on the list of open issues.
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