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1 Introduction
WF[1] for UL calibration gap was approved capturing agreements on several aspects, including:
· UL gap related performance gain
· Network impact analysis

· Requirement and testability associated with UL gap

This paper provides some analysis on UL calibration gap. 
2 Discussion
2.1 Coherent UL MIMO calibration
In the current TS 38.306 and TS 38.214, coherent UL MIMO support is reported in UE capability pusch-TransCoherence as nonCoherent, partialCoherent, fullCoherent. While for 2Tx RF requirement in FR2, only fullCoherent and nonCoherent need to be considered. 
For codebook based transmission, as defined in TS 38.214, “UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in pusch-config for PUSCH associated with DCI formats …..depending on the UE capability.” It means, gNB configure code subset according to UE capability in RRC signalling while gNB further configure TPMI in DCI associated with RRC signalling.
The problem is, there is RAN4 RF requirements defined for coherent UL MIMO in TS 38.101-2, which is:

	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).

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))


UE need to meet the RF requirements if UE declares support of fullCoherent capability.
Furthermore, besides coherence requirements (relative phase and power imbalance) there are also many conditions in the coherent UL MIMO requirements. The conditions are related to many aspects which unavoidable among transmission, we provide analysis below on these conditions:

Coherent UL MIMO requirements apply when all of the following conditions are met.
-
UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
SRS-config includes the configuration to all SRS Resource sets. Each SRS Resource set includes the configuration of SRS resource and SRS port number. If there is one SRS resource of any Resource set changes number the requirement is not fulfilled.
-
UE remains in DRX active time (UE does not enter DRX OFF time)
If UE enter DRX off time, the coherent UL MIMO requirement is not fulfilled.
-
No measurement gap occurs
If there is measurement gap configured in Downlink, the coherent UL MIMO requirement is not fulfilled.
-
No instance of SRS transmission with the usage antenna switching occurs
SRS antenna switch makes coherent UL MIMO requirement not fulfilled
-
Active BWP remains the same
There cannot be BWP switching.
-
EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))
PScell or SCell(s) configuration cannot be changed.

We can see there is actually no additional limitation on coherent UL MIMO in RAN1 and RAN2 spec, all coherent scheduling is dependent of UE capability. Meanwhile, whether UE supports coherent UL MIMO is decided by TS 38.101-2 which actually has many additional conditions. 
Looking back at the conditions we defined in Rel-15, it is basically unavoidable under real communication, e.g. UEs definitely need to enter into DRX to save power and to do the measurement on adjacent cell. 

Observation 1: For coherent UL MIMO, RAN1/RAN2 and RAN4 spec are not aligned on preconditions that UE can support the feature. The conditions that UE cannot maintain coherent UL MIMO in TS 38.101-2 are not avoidable in a real communication, which makes coherent UL MIMO only paperwork.
From RF implementation perspective, we understand some UEs may not maintain the coherence between antenna ports when switching/config change happens. But if there could be a UL gap configured to the UE, the coherence relation between antenna port can be calibrated by UE and ensure the coherence between antenna port be maintained for upcoming PUSCH transmission. 
Observation 2: Configured UL gap can help UE to maintain the coherence between antenna ports for the upcoming PUSCH transmission with coherent codebook.
2.2 Coherent UL gap related performance gain 

Coherent UL gap related performance gain is obviously from the gain introduced by coherent codebook used. We did a lot of simulation work in Rel-15 both in RAN1 and RAN4[2][3]. Average performance gain between coherent codebook subset and non-coherent codebook subset can be up to 30%.

The network performance gain is objectively proved by classical MIMO theory. The coherent precoding matrix ensures on the orthogonal relation between layers after evaluation based on SRS resource transmitted on antenna ports. We copied the figures in [2] which provides the comparison between coherent UL MIMO and non-coherent UL MIMO.
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Fig 1. ~30% TP enhancement if coherent codebook subset is used [2]

Furthermore, if UE indicate support of coherent UL MIMO and after SRS transmission gNB configures coherent precoding matrix to this UE by DCI, after that there happens with a swich/config change(conditions mentioned in TS 38.101-2), the UE only can continue to use the TPMI, MCS and rank configured before the switch, i.e. a coherent TPMI and the associated MCS. Then the transmission would be no aligned with the real propagation condition considering relative phase/power balance is impaired. Then there could be retransmission with lower MCS. Such procedure would further decrease the network performance. With this situation, the average performance gain introduced by coherence calibration would be larger than 30%.
Observation 3: the average Coherent UL gap related performance gain is larger than 30%. The most important issue is, coherence calibration makes UL coherent MIMO feature into the real field usage.
2.3 Gap type for coherence calibration
In WF[1], gap type is agreed as:
· 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.
For type 1 gap, it is generally used to calibrate the parameter not related to signal itself. For example, body proximity calibration actually the technology to sound the distance of the human body. However, if UE wants to calibrate the signal distortion, type 2 gap is needed.

For coherence calibration, UE could use this gap to calculate the relative phase difference on the real transmission signal transmits on the 2 antenna ports. While, UE could transmit signal on the antenna ports normally which does not need special scheduling. 

When there is PUSCH transmission scheduled by the network on slot 1-slot n, UE could utilize the transmission itself to calibrate on the coherence between antenna ports, and compensate the phase or power to ensure on the RF requirements of coherent UL MIMO.
Observation 4: for UL calibration gap for coherent UL MIMO, UE can use the transmission signal for calibration, it has following advantages:

· Compared non-coherent UL MIMO codebook set, coherent UL MIMO can increase network performance by 30% and even higher.
· It does not have impact on network scheduling.

2.4 Requirements and associated testability with UL gap

For coherence calibration, the performance gain can be easily verified by coherent UL MIMO requirements which configured with switch/port change side condition. For example, with SRS switch/BWP switch/Measure gap configured between SRS and PUSCH transmission, the UE still fulfill relative phase/power error requirement.
Observation 6: for coherence calibration UL gap, we can take relative phase/power error requirement with switching/port change side condition as the Requirements and associated test.
In summary, currently coherent UL MIMO actually cannot be utilized in the real network blocked by the preconditions in TS 38.101-2, coherence calibration UL gap can help enhance the network performance by using the coherent codebook under any switch/change condition. 

Proposal: RAN4 agrees to study UL calibration gap for coherent UL MIMO, the objective is added into the FR2 RF enh2 WID.
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: 
Observation 1: For coherent UL MIMO, RAN1/RAN2 and RAN4 spec are not aligned on preconditions that UE can support the feature. The preconditions that UE can support coherent UL MIMO in TS 38.101-2 are not avoidable in a real communication, which makes coherent UL MIMO only paperwork.
Observation 2: Configured UL gap can help UE to maintain the coherence between antenna ports for the upcoming PUSCH transmission with coherent codebook.
Observation 3: the average Coherent UL gap related performance gain is larger than 30%. The most important issue is, coherence calibration makes UL coherent MIMO feature into the field usage.
Observation 4: for UL calibration gap for coherent UL MIMO, UE can use the transmission signal for calibration, it has following advantages:

· Compared non-coherent UL MIMO codebook set, coherent UL MIMO can increase network performance by 30% and even higher.

· It does not have impact on network scheduling.

Observation 5: for coherence calibration UL gap, we can take relative phase/power error requirement with switching/port change side condition as the Requirements and associated test.
Proposal: RAN4 agrees to study UL calibration gap for coherent UL MIMO, the objective is added into the FR2 RF enh2 WID.
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