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1 Introduction

In RAN4#101-e meeting, RAN4 made some agreements on UL coherent MIMO[1]. In this paper, we provide further analysis on UL Gap and requirements for coherent UL MIMO.
2. UL Gap
In last RAN4 meeting, the gain and feasibility of approach 2 can be confirmed. According to agreements for Tx power management in [1], UL gap for coherent MIMO is further elaborated from two aspects: RF aspect and RRM aspect 
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RF aspect:
Regarding requirements for coherent UL MIMO in current TS38.101-2[4],
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We can see there is actually no additional limitation on coherent UL MIMO in 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 limitation on gNB side. 

Looking back at the conditions we defined in Rel-15, it is basically unavoidable under real network, e.g. UEs definitely need to enter into DRX to save power and to do the measurement on adjacent cell. 

Observation 1: 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.
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. Therefore, we propose to remove the above restrictions on the side condition. Requirements for coherent UL MIMO also need to be applicable to the side condition. In the test, a time (e,g, 10 msec) can be identified within the time window(20 msec). The side condition can be forced to occur at this time, then end after a fixed duration (e,g, 1 msec) and back to the original state.
Propose 1: Requirements for coherent UL MIMO also need to be applicable to the side condition including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
RRM aspect:
Gap occupying multiple symbols should be located before the side condition and after PUSCH transmission. The gap periodicity should be the same as the side condition periodicity. UL gap for coherent UL MIMO configuration can refer to UL gap for BPS
Propose 2:  UL gaps for coherent UL MIMO are configured/ deconfigured by the network using RRC configuration.
Propose 3:  The UL gaps can be activated when configured (using RRC signalling), and The UL gaps are deactivated when deconfigured (using RRC signalling). 

Propose 4:  The UL gaps can be activated and deactivated using MAC command or DCI after UL gap is configured by RRC Signaling.
Propose 5:  With the agreement that UE can explicitly indicate to NW on “need for UL gap” and “no need for UL gap”, RAN4 will leave the detailed signaling design to RAN2.
3. Requirements for coherent UL MIMO
As mentioned in [2], even though clear indications of the parameters and where to measure them are given, sufficient details are still missing, which leads to no progress in RAN5. To ensure coherent gain when the side condition including DRX on, BWP switching, SRS switching, DL measurement gap, etc, occurs, requirements for coherent UL MIMO also need to be applicable to the side condition.
· Symbols used for calculation

When consecutive PUSCHs are transmitted in the same RF state, relative amplitudes and phases of all symbols are approximately the same. DMRS symbols, DMRS+Data symbols, instantaneous and an average over a slot have no significant influence on the calculation results of relative errors. As Anritsu’s comments [3], DMRS+Data symbols may be safer because they are more sampling points.
Propose 6:  DMRS+Data symbols are used for calculation.
· The relative phase and power errors for each slot, should it be an instantaneous or an average over a slot?
Given that multiple symbols are used for the calculation, averaging over a slot is a simple method.
Propose 7: The relative phase and power errors for each slot should be an average over a slot.
· What RF correction in the TE should be enabled. The frequency error correction should be enabled as if uncorrected would lead to phase rotation and so phase error.

In our understanding, multiple ports have the same frequency error, which may has no effect on the phase error between ports
3 Conclusions.
This contribution is providing further analysis on UL Gap and requirements for coherent UL MIMO.

Observation 1: 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.
Propose 1: Requirements for coherent UL MIMO also need to be applicable to the side condition including DRX on, BWP switching, SRS switching, DL measurement gap, etc.
Propose 2:  UL gaps for coherent UL MIMO are configured/ deconfigured by the network using RRC configuration.
Propose 3:  The UL gaps can be activated when configured (using RRC signalling), and The UL gaps are deactivated when deconfigured (using RRC signalling). 

Propose 4:  The UL gaps can be activated and deactivated using MAC command or DCI after UL gap is configured by RRC Signaling.
Propose 5:  With the agreement that UE can explicitly indicate to NW on “need for UL gap” and “no need for UL gap”, RAN4 will leave the detailed signaling design to RAN2.

Propose 6:  DMRS+Data symbols are used for calculation.
Propose 7: The relative phase and power errors for each slot should be an average over a slot.
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Agreements:


The gain and feasibility of approach 2 can be confirmed.  


Approach 2


Gap occupying multiple symbols should be adjacent to PUSCH transmission, as shown in the following figure, and UE can adjust the phase difference between last transmitted SRS and PUSCH transmission. Requirements to be tested can be the same as the gap for BPS. The gap depends on side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc. Once the side condition occurs, the gap should be triggered to detect the phase error before PUSCH transmission. If no side conditions, periodically triggered gap is not necessary. 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 needs RAN4 to further study in phase II.








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))
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side conditions including DRX on, BWP switching, SRS
switching, DL measurement gap, etc.




