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1. Introduction
During RAN4 meeting #98-e discussions under NR coverage enhancements, the phase continuity and power took place following the LS received from RAN1. The group agreed to continue study the phase continuity issue in the following meetings under the framework agreed in the WF in [1], which we reproduce here for convenience:

	· RAN4 further study on following issues for phase continuity across repetition:
· phase continuity when there is X un-scheduled UL OFDM symbols in-between the PUSCH and PUCCH repetition, it is encouraged to study on following aspects:
· Whether phase continuity can be maintained if off power is not required on the un-scheduled symbols
· Other possible conditions
· Value of X in relation to the phase continuity tolerance
· Amount of Phase continuity tolerance across repetition when all phase continuity conditions agreed by RAN4 is met, following aspects can be considered:
· Phase drifting from UE implementation aspect:  e.g. frequency error
Other aspects are not precluded



In this contribution we will discuss possible mitigation techniques that would possibly enable the phase continuity maintenance.


2. Discussion
In the last RAN4 meeting, most of the companies outlined the typical conditions for phase continuity preservation.
The typical conditions outlined were related to hopping restrictions, preservation of the output power parameters in physical layer, beam switching and carrier aggregation power control side effects. A reply LS has been sent to RAN1, while RAN4 agreed to further study the phase tolerance for some non-contiguous repetitions and the UE phase drifting due to implementations aspects.

In this contribution we are proposing to study not only the phase continuity tolerance under normal conditions, but also a possible mitigation for phase continuity issue that would help the coherent reception and DMRS over both contiguous and non-contiguous repetitions.

2.1 PT-RS for DM-RS bundling
The PT-RS sequence has been introduced in Rel-15 for phase tracking mainly in FR2 due to typical effects in this frequency range of the phase noise. The PT-RS allocation is sparser in frequency domain and denser in time domain. They are effective and usually used at a slot-based level. Also, they are configured along with DM-RS.

Using PT-RS even in FR1 for cross slot phase continuity evaluation and possibly correction can bring a certain advantage for the non-contiguous transmissions and the UE implementation phase drifting.

An example CP-OFDM based allocation of the DM-RS and PT-RS looks like in figure below:


[image: ]

Fig 1 Example PT-RS and DM-RS allocation for CP-ODFM

If PT-RS are placed over multiple repetitions and the first PT-RS is placed before the DM-RS symbol during repetitions, the phase shift over repetitions can be evaluated and eventually corrected by gNB.

Observation 1: The PT-RS may help mitigate the phase continuity during non-contiguous repetitions and UE based phase drifting.

Observation 2: Whether the PT-RS is needed for both FR1 and FR2 to maintain phase continuity for enabling DM-RS bundling needs to be discussed.

At the same time, probably it will be desirable that for the repetitions slots the DM-RS symbol to be delayed allowing for timely phase evaluation. An example is given below in Fig 2 only for the first PT-RS and DM-RS symbol position:

[image: ]

Fig. 2 Example of the first PT-RS and delayed DM-RS symbol during a repetition slot


Observation 3: The DM-RS symbol can be delayed during the repetition’s slots allowing for phase shift evaluation against the first repetition that contain the phase reference PT-RS.

We propose to study the phase continuity for non-contiguous and contiguous transmissions and phase drift issues in the context of mitigations methods.

Proposal:  Study the phase continuity for non-contiguous and contiguous transmissions and implementation phase drift issues in the context of mitigations methods like PT-RS insertion for FR1 and FR2.


3. Conclusion
In this contribution we made the following observations and proposals:

Observation 1: The PT-RS may help mitigate the phase continuity during non-contiguous repetitions and UE based phase drifting.

Observation 2: The DM-RS symbol can be delayed during the repetition’s slots allowing for phase shift evaluation against the first repetition that contain the phase reference PT-RS.

Observation 3: The DM-RS symbol can be delayed during the repetition’s slots allowing for phase shift evaluation against the first repetition that contain the phase reference PT-RS.

Proposal:  Study the phase continuity for non-contiguous and contiguous transmissions and implementation phase drift issues in the context of mitigations methods like PT-RS insertion for FR1 and FR2.
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