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Introduction
A new work item NR coverage enhancement was approved [1]. According to the WID, objectives of PUSCH enhancements are as follows in RAN1 perspective.
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



In this contribution, we discuss on joint channel estimation for PUSCH coverage enhancement.

Power consistency and phase continuity
PUSCH transmission consistency during repetitions
For performing joint channel estimation at gNB side, a consistency of at least following factors should be kept in a UE perspective when a UE performs PUSCH transmissions.
· Uplink Tx power
It is desirable to apply the same uplink transmission power for PUSCH across slots for joint channel estimation. The Tx power of PUSCH is determined for each of transmission occasion. Thus, there is a possibility that the Tx power is changed during PUSCH repetitions.
· Uplink transmission timing
Uplink transmission timing of UE is determined by preceding downlink reception timing by TTA. The amount of timing advance can be adjusted by TA command. For a timing advance command received on uplink slot n, the corresponding adjustment of the uplink transmission timing is applied from the beginning of uplink slot n + k + 1. In this case, the UE may change uplink transmission timing in the middle of slots for joint channel estimation, and it would disturb joint channel estimation in gNB side. 
· UL Tx precoder, UL spatial filter
Considering the phase continuity, the precoding matrix applied to PUSCH transmissions should be kept during joint channel estimation. The UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are given by UL grant. Thus, the same precoding matrix and/or UL spatial filter are/is applied during PUSCH repetitions.
Considering above aspects, it seems necessary to modify uplink power control and uplink transmission timing adjustment mechanism to enable joint channel estimation. It is desired that the UE does not adjust uplink power/transmission timing within a slot bundle for joint channel estimation, so it should be discussed how to address these issues.

Proposal 1: A UE should not adjust uplink Tx power and uplink transmission timing within a duration of multiple slots for joint channel estimation.

Power inconsistency issue in CA/DC
If a UE is connected to multiple cells by CA/DC, the UE can be scheduled to perform multiple uplink transmissions simultaneously using different uplink carriers. In this case, PUSCH Tx power may be reduced during PUSCH repetitions due to the new uplink scheduling with higher priority on the other carrier. This situation can be occurred within a slot bundle for joint channel estimation. Therefore, in case of CA/DC operation, this problem needs to be addressed to apply joint channel estimation. However, before dealing with the issue, it seems necessary to clarify whether CA and/or DC operation scenario are/is included in work scope for coverage enhancement.

Proposal 2: Clarify whether CA and/or DC operation scenario are/is included in work scope for coverage enhancement.

Slot bundling for joint channel estimation and frequency hopping
Slot boundary for joint channel estimation
For joint channel estimation over multiple PUSCH transmissions, a slot bundle composition which can be used for joint channel estimation needs to be specified.
PUSCH repetitions may be performed using non-consecutive slots in unpaired spectrum. In this case, if neighbouring two UL slots are located far away and the same channel environment cannot be assumed between them, it seems better that joint channel estimation is not operated by using these two slots. However, if neighbouring two UL slots are located closely and experience the same channel conditions, gNB may can perform joint channel estimation by using these two slots. That is, for joint channel estimation, it needs to consider coherence time between slots used for channel estimation during a duration of PUSCH repetition. Therefore, it seems desirable to compose X slots (where, X is the size of slot bundle for joint channel estimation) consecutive slots regardless of TDD configuration. In this case, PUSCH DMRS can be transmitted and utilized for joint channel estimation in a part of slots during the slot bundle.

Proposal 3: Slot boundary for joint channel estimation is based on consecutive slots in both paired and unpaired spectrum. 
[bookmark: _GoBack]Slot boundary for frequency hopping
Frequency hopping with inter-bundled slot is required for effective joint channel estimation. When we determine the frequency hopping interval, the resource collision between two PUSCH transmissions from different UEs should be avoided. To do this, the same frequency hopping slot boundary can be applied between two PUSCH transmissions. In other word, in order to prevent collisions among PUSCH transmissions, frequency hopping boundary should be defined by using cell-specific common time grid (i.e., slot index). In addition, even if PUSCH repetitions is based on available UL slots, the frequency hopping interval Y can be defined as consecutive Y slots on the cell-specific common time grid (i.e., slot index).

Proposal 4: For frequency hopping with inter-slot bundling, frequency hopping boundary is defined by using consecutive Y slots on the cell-specific common time grid (i.e., slot index).

Relationship between joint channel estimation and frequency hopping
When frequency hopping is applied for PUSCH repetitions, it is natural to apply the same slot boundary for joint channel estimation and frequency hopping since joint channel estimation can be performed among the same PRB resources. It means that the slot bundle size X for joint channel estimation and the slot interval Y for frequency hopping can have the same value always. An example is depicted in Figure 1.(a). In the figure, frequency hopping is performed in units of slot bundle for joint channel estimation, so joint channel estimation can be performed for the entire slots within a slot bundle.
However, to obtain enough frequency diversity gain, frequency hopping with shorter interval can be necessary. In this case, to enable joint channel estimation using slots applied the same frequency hop, it can be considered to make the slot bundle size X for joint channel estimation can be larger than the slot interval Y for frequency hopping.
When the number of PUSCH repetitions is small, the effect of frequency hopping is greater than that of joint channel estimation. Thus, in order to obtain the frequency diversity gain fully, applying the frequency hopping per slot, i.e., Y=1, would be better choice. 

Proposal 5: The frequency hopping interval can be the equal to or smaller than slot bundle size for joint channel estimation.
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Figure 1. Frequency hopping for PUSCH repetitions when (a) X = Y and (b) X > Y

Conclusion
In this contribution, we provide our view on mechanism to support TB processing over multi-slot PUSCH. From the discussion, we obtained following proposals.

Proposal 1: A UE should not adjust uplink Tx power and uplink transmission timing within a duration of multiple slots for joint channel estimation.
Proposal 2: Clarify whether CA and/or DC operation scenario are/is included in work scope for coverage enhancement.
Proposal 3: Slot boundary for joint channel estimation is based on consecutive slots in both paired and unpaired spectrum. 
Proposal 4: For frequency hopping with inter-slot bundling, frequency hopping boundary is defined by using consecutive Y slots on the cell-specific common time grid (i.e., slot index).
Proposal 5: The frequency hopping interval can be the equal to or smaller than slot bundle size for joint channel estimation.
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