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Introduction
In the last meeting, several agreements were made regarding on joint channel estimation for PUSCH [1]. Following the previous discussion, we continue to discuss on specification of joint channel estimation based on agreements.
 
Use cases for joint channel estimation
 In RAN1#104e meeting, five potential cases for joint channel estimation were identified.
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
At least one of them (i.e., use case 3) was agreed to support for repetition type A. In addition, in terms of enhancement of repetition type A for joint channel estimation, it is necessary to further discuss use case 4 and use case 5. According to the agreement, joint channel estimation can be used only when SLIV of PUSCH repetition type A indicates the entire symbol within a slot. In order to transmit other uplink such as SRS, some symbol resources among the slots may not be allocated for PUSCH repetition type A transmission, and use case 4 should be supported in consideration of this operation. In addition to that, it should be noted that when PUSCH transmission collides with PUCCH with repetitions, PUSCH transmission is dropped and instead, PUCCH is transmitted for some slots. Considering that, use case 5 also needs to be studied to determine whether joint channel estimation can be applied.

Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, and PUSCH transmission across non-consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for repetition type A scheduled by dynamic grant or configured grant

The condition of power consistency and phase continuity has only been considered for now when discussing the conditions of joint channel estimation. RAN4 is also studying only these two judging by reply LS from RAN4 only mentions power consistency and phase continuity
[bookmark: _GoBack]However, in order to improve channel estimation performance through joint channel estimation, at least one more thing, that is, the condition of UE transmission timing, must be considered. For example, if the UE changes the transmission timing within the time interval for performing joint channel estimation, the delay profile of the received signal changes, and accordingly, it may be difficult to expect a performance gain even if joint channel estimation is performed. Therefore, in case the gNB intends to perform joint channel estimation from a UE, it is necessary to clarify the TA command indicated to the UE, the timing at which it is applied, and the UE behaviour for UE transmission timing. Simple candidate solutions for UE's behaviour of TA command reception during joint channel estimation are the received TA command during time-domain window for joint channel estimation is not applied or the application time of the TA command received during the time-domain window should be postponed until the end of the on-going window.

Proposal 2: It should be adopted that received TA command is not applied within time-domain window for joint channel estimation when TA command is indicated to the UE.

Time-domain window for joint channel estimation
In RAN1#104 meeting, it was agreed to introduce a time domain window for joint channel estimation for further discussion purposes, and therefore further study is needed on whether the window to be specified or not. The time domain window is related to the UE behaviour to sustain power and phase continuity. If there is no specification description of the UE behaviour according to the time window, it may be difficult to expect improvement in channel estimation performance even if the gNB performs joint channel estimation since there is no expected behaviour of UE which makes UE to operate arbitrarily. Therefore, it is necessary to specify in the specification about the time domain window.

Proposal 3: The time domain window for joint channel estimation is specified.

Since PUSCH repetition type A is performed in units of slots, it is natural that the joint channel estimation window is also defined in units of slots. When joint channel estimation in PUSCH repetition type B is configured, defining a joint channel estimation window in units of repetition may also be considered. However, considering that the symbol length constituting the repetition may vary for each UE and for each PUSCH transmission, it would be desirable to define a joint channel estimation window in units of slots as well.

Proposal 4: Time-domain window for joint channel estimation is consecutive slots.

For multiple time windows, it can be considered that a time-domain window for dynamic grant PUSCH and a window for configured grant PUSCH are independently configured in UE-specific manner. In addition, accounting for the time-varying channel environment, the time-domain window can be dynamically change when transmitting the dynamic grant PUSCH.

Proposal 5: Multiple time windows in the same transmission channel of the same grant should not be considered.

Inter-slot frequency hopping with inter-slot bundling
According to the reply LS from RAN4, the PRB should not be changed during joint channel estimation period. Since the same PRB should be guaranteed for joint channel estimation, the frequency hopping boundary should be equal to or larger than the time-domain window for joint channel estimation. The intra-slot frequency is naturally disabled for the joint channel estimation thus only considerable point remained is the relationship between inter-slot frequency hopping and inter-slot bundling boundary. The simplest solution for that is matching the inter-slot frequency hopping boundary and inter-slot bundling boundary. 
It could be burden to gNB in terms of resource management for multi-user if UEs having independent hopping boundaries is considered. It is notable for enhancement of frequency hopping boundary. One considerable simple candidate solution is that, the inter-slot frequency hopping boundary is a cell-specific grid.

Proposal 6: The frequency hopping boundary length can be equal to or larger than the time-domain window for joint channel estimation.
Proposal 7: Inter-slot frequency hopping boundary with inter-slot bundling follows cell-specific time-domain resource grid.

Optimization of DMRS location/granularity in the time domain
In this section, we discuss on optimization of DMRS location and granularity in the time domain.

Optimization of DMRS granularity
In a low SINR regime where coverage enhancement is required, the gain of the channel estimation performance is more helpful than the coding gain due to the DMRS density reduction. Legacy mechanism, i.e., configuration of additional DMRS also provides sufficiently diverse DMRS densities. Obtaining additional coding gain by introducing a DMRS-less PUSCH is not beneficial with considering an environment of coverage enhancement. In addition, when PUSCH transmission including a corresponding DMRS is dropped due to collision with another transmission (e.g., PUCCH with repetition), the gain of channel estimation performance is not expected to be guaranteed. Thus optimization of DMRS granularity is not essential for this stage, it is natural to be deprioritized.

Proposal 8: Deprioritize the optimization of DMRS granularity.

Optimization of DMRS location in time domain
The channel estimation gain by changing the time location of the DMRS symbol in a time-varying channel where joint channel estimation is possible is expected to be marginal. Furthermore, multi-user pairing problem occurs when multi-user multiplexing is considered. If the enhancements on optimization of DMRS location in time domain is considered despite of effect on OCC, exception rules for case by case is needed, therefore it is better to avoid such complicated discussions. However, since the additional DMRS in special slot or orphan symbol can be considered with minor enhancement on existing operation and it uses the unused resource, the spec impact is not expected to be large. Therefore, the additional DMRS in special slot or orphan symbol can be considered for channel estimation performance enhancement in the low SINR regime.

Proposal 9: If necessary, the additional DMRS in special slot or orphan symbol can only be considered for optimization of DMRS location in time domain.

Conclusion
In this contribution, we discussed on specification of joint channel estimation for PUSCH. From the discussion, we obtained following proposals.

Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, and PUSCH transmission across non-consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for repetition type A scheduled by dynamic grant or configured grant
Proposal 2: It should be adopted that received TA command is not applied within time-domain window for joint channel estimation when TA command is indicated to the UE.
Proposal 3: The time domain window for joint channel estimation is specified.
Proposal 4: Time-domain window for joint channel estimation is consecutive slots.
Proposal 5: Multiple time windows in the same transmission channel of the same grant should not be considered.
Proposal 6: The frequency hopping boundary length can be equal to or larger than the time-domain window for joint channel estimation.
Proposal 7: Inter-slot frequency hopping boundary with inter-slot bundling follows cell-specific time-domain resource grid.
Proposal 8: Deprioritize the optimization of DMRS granularity.
Proposal 9: If necessary, the additional DMRS in special slot or orphan symbol can only be considered for optimization of DMRS location in time domain.


Reference
[1] RAN1 chairman’s notes, RAN1 #104-e, e-Meeting, January 25th – February 5th, 2021

Agreement in RAN1#104-e meeting [1]
	Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.

Agreements:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured.
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.

Agreements:
· Companies are encouraged to study optimization of DMRS granularity in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· Different DMRS density for different PUSCH transmissions
· No DMRS for some PUSCH transmissions
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Companies are encouraged to study optimization of DMRS location in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· DMRS equally spaced among PUSCH transmissions
· DMRS located in special slots
· Orphan symbol used for DMRS
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Note: the simulation assumptions for DM-RS in TR 38.830 are used as baseline for performance evaluation on optimization of DMRS location/granularity in time domain.
· Take into account impairments such as frequency offset, and report corresponding parametrization together with the results. Further discuss impairment details.

Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability

Agreements:
· For joint channel estimation.
· Take into account the residual frequency error, e.g., +/- 0.1 ppm as upper bound. 
· Companies can report other values and frequency error model.
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