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Introduction
In the past a few meetings, PA Calibration Gap (PCG) was discussed extensively and a few WFs were agreed [1,2,3]. In our paper [4], we emphasize the PCG is beneficial and should be considered as necessary feature supported by NetWork (NW). In this paper, we provide two schemes under the consideration to implement PCG. 
Discussion
Different UEs may need different PCG configurations [2], total gap requires during PA calibration gap there are no DL/UL transmission scheduled and rank restricted gap requires PA calibration gap should be scheduled with single layer transmission on one Tx chain. There could be a need to differentiate UEs types based on potential different PCG configurations, we propose UE capability signaling for PCG request should consider different PCG configurations for different UEs unless one configuration fits all.
Proposal 1: The capability signalling should support the different type of UEs that request different type of PCG configurations.
In this contribution, we provide two schemes for rank restricted gap during which UEs need to have single layer transmission on one Tx chain.
Proposed PCG scheme 1
In scheme 1 introduced in [5], we propose DCI UL grant based PCG scheduling. This solution can be described in the following bullets for UEs needing to perform PA calibration with single layer on one Tx chain transmission:
· NW schedules UE grants using single layer transmission on one Tx chain at least 1 slot (SCS = 60KHz or 120KHz) every second for PCG regardless whether there is data in the UE buffer. For PCG UL grants
· Number of PUSCH symbols ≥ 4 in the slot
· UE shall follow UL grant assignments, including power control. In case there is no data in the UE buffer, UE need to use padding bits for UL transmission. 
· The occasion of these grants created for PA calibration purposes are decided by NW. 
· Since both NW and UE is aware of the occasion of these UL grants for PA calibration purposes and they are sufficiently infrequent, negative implications on UL data transmission and reception are small.
· If the network does not provide UL grants using single layer transmission on one Tx chain or less than 1 slot per second with the agreed limits and criteria defined in the UE requirements.
· UE can use any available UL slot autonomously for PA calibration.
· At most 1 UL slot per second can be used by UE for PA calibration. 
· During the UL slot used for PA calibration, the corresponding UL transmission can be interrupted

Scheme 1 is also summarized in the following table.
Table 1.  Proposed scheme
	Scheme Summary

	NW scheduling
	NW provides PCG dedicated UL grants at requirement PCG intervals.
Otherwise if no PCG dedicated UL grants: 
· UE decides which UL slots it uses to do PA calibrations.
· Up to one UL slot per second can be used for PA calibration.
· PCG pattern is decided by UE and is transparent to the NW, subject to interruption rate limitation

	 UE behavior
	UE follows PCG dedicated UL grants if exist, undergo calibration procedure.
Otherwise, UE will pick up UL slots, and undergo calibration procedure

	RAN1 and RAN2 impacts
	No impacts on RAN1 and RAN2

	UL impact
	· For PCG dedicated UL grants, due to maximum power on one Tx chain is capped with 3dB less than the total maximum power of 2Tx chains, NW may or may not receive UL data from UE during PA calibration. 
· Otherwise, due to single Tx in PA calibration and possible mismatch with UL grants and/or power limitation (3dB less than the total maximum power), NW may or may not receive UL data from UE during PA calibration.
· Define interruption rate per UE for above both cases, expect at the level < 0.025%


 
Proposed PCG scheme 2
In last meeting, it was also agreed that [3]
· Configuration with RRC to UE is one of the options

We also consider configuring PCG by RRC is a feasible approach for UEs that need rank restricted gap. One or more slots per second can be assigned as PCG slots. Since UEs need single layer transmission on one Tx chain during PCG slots, some PRBs (frequency resource) must be available for training signal transmission. These training signals are not intended for NW to use/receive during PCG slots in this scheme. If some UEs that do not need PCG are scheduled with UL data transmission during the PCG slots, some frequency resources (PRBs) must be available for them as well. If all frequency resource are occupied for UEs that need single layer transmission on one Tx chain, then network will experience full UL interruption since no UE can communicate with NW within these PCG slots. By proper scheduling frequency resources in PCG slots for UEs that perform PA calibration and UEs that have UL data transmission, full UL interruption can be avoided. But this is completely up to NW scheduling. Our proposal is described as follows:  

1) All UEs with PCG needs can be divided into one or more groups. NW decides how to group the UEs.
2) Each group of UEs are assigned one PCG slot per second. Different groups of UEs are assigned into different PCG slots.
3) UEs that need one Tx chain transmission within assigned PCG slot use the frequency resource and power level indicated by latest UL grants before the assigned PCG slot to do PA calibration.
a. That means the information of frequency resource and power control in PCG slot is available at both NW and UE sides.
b. An alternative way is to indicate the frequency resource information in RRC. However, this may limit the scheduling flexibility at NW and encounter potential BWP switching delay at UE side. 
4) NW needs to coordinate frequency resources within the PCG slots for all UEs that are with and without PCG needs.
5) If no frequency resource is scheduled for any UE without PCG needs for data transmission, one common PCG slot can be used for all UEs with PCG needs for PA calibration.
6) NW does not expect to receive data from UEs that are under PA calibration within PCG slots. 
In scheme 2, Interruption rate per UE is expected = 0.025%.
Scheme selection and proposal
In scheme 1, PCG slots can be granted to a UE from NW by UL grants, or a UE could take any UL grants as PCG slots if NW does not provide enough PCG grants including no PCG grants. NW may or may not receive data correctly within PCG slots. The interruption rate per UE is upper bounded by 1 slot per second. When SCS=60KHz, 1 slot per second = 1 slot / 4000 slots = 0.025%. 
In scheme 2, PCG slots are indicated by RRC signaling from NW. a UE is expected to have one PCG slot per second. PCG is always provided by NW. NW does not expected to receive data from UEs that are under PA calibration during PCG slots. So interruption rate per UE = 0.025%
Interruption rate is reduced by half when SCS=120Kz. 
Proposal 2: Either scheme 1 or scheme 2 can fulfill PA calibration needs for the UEs that perform single layer transmission on one Tx chain during PCG.
Proposal 3: Define PCG interruption rate per UE  ≤ 0.025% in the specification for the UEs that perform single layer transmission on one Tx chain during PCG when either scheme is adopted
Conclusion
In this contribution, we present two PCG schemes for UEs that need rank restricted gap and provide the following proposals.
Proposal 1: The capability signalling should support the different type of UEs that request different type of PCG configurations.
Proposal 2: Either scheme 1 or scheme 2 can fulfill PA calibration needs for the UEs that perform single layer transmission on one Tx chain during PCG.
Proposal 3: Define PCG interruption rate per UE  ≤ 0.025% in the specifications when either scheme is adopted
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