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Introduction
The WI of NR coverage enhancements was agreed in RANP#90e. The detailed objectives of the work item are as follows [1].
· 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]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

In this contribution, we provide our views on the joint channel estimation for PUSCH.
Discussion
Joint channel estimation is to use the DMRS located in multiple slots or transmissions jointly to estimate the channel condition. Joint channel estimation uses more DMRS resources and can improve the accuracy of the channel estimation, which can further improve the date rate of cell edge users. Compared with PUSCH repetition, joint channel estimation could substantially improve the coverage and data rate in the uplink slots limited scenarios.
Several constraints should be considered for the joint channel estimation. For example, multiple transmissions should use the same precoding for the DMRS and PUSCH over the same or overlapped frequency resources, which means the TPMI or the SRI should be the same for the transmissions. The multiple transmission should be within a coherent time window, in which the channel could be considered as consistent. Then the channel estimation could be improved since the samples for the estimation are increased. Transmissions within a coherent time means that the multiple transmissions should be close in time domain. The consecutive slots or transmissions should be prioritized for the joint channel estimation. If interruptions happen between the transmissions, it should be short enough. The power of each transmission should be consistent. Other vice, the change of transmission power would be considered as the change of the channel and degrade the performance. Similarly, the phase continuity should be kept between multiple transmissions. The change of phase due to the hardware could be considered as a part of the channel.
Observation 1:
Several constraints are identified for the joint channel estimation for PUSCH,
· Same or overlapped frequency resources
· Same transmission precoding should be used.
· Transmissions should be within a coherent time window. Consecutive transmissions are prioritized. Or at least the interruption between multiple transmissions should be short enough.
· Power consistency should be maintained
· Phase continuity should be maintained.
Uplink power control is based on the downlink DCI indication. An example as in Figure 1, the uplink slot #1 and #2 could share a same transmit power, since the no indication of power control could be received between uplink slot #1 and #2. But if the #3 and #4 need to share the channel estimation information of #1 and #2, the transmit power of uplink slot #3 and #4 should be aligned with #1 and #2 even TPC command have been received between uplink slot #2 and slot #3. That is different from current specification behavior. And the downlink transmission between uplink slot #2 and #3 may break the phase consistency among the uplink slots.
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Figure 1, TDD configurations with 7 DL slots, 1 Special slot and 2 UL slots
Proposal 1:
Study the constraint of joint channel estimation and identify the conditions and using scenarios of joint channel estimation.
[bookmark: _GoBack]In the TDD system, the uplink slots/resources are often limited. To enhance the uplink coverage, the uplink symbols in the special slot should be considered. As illustrated in the [2], a lower MCS level (MCS#3), less DMRS density (single DMRS symbol per slot) but more uplink resources (4 symbols and 2 slots) could be used to reach the required data rate. The special slot could provide additional transmission resources and also DMRS symbols to improve the channel estimation.
Proposal 2:
The special slot should be considered for the joint channel estimation, considering additional DMRS resources to improve the accuracy of channel estimation and additional transmission resources to improve the data rates.
Besides the special slot, some slots without DMRS should also be considered to fully use the resource for the uplink transmission. 
Proposal 3:
The optimization of DMRS location or granularity, such as reduced density in time domain should be considered during the study of joint channel estimation. 
Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation was agreed. Since the joint channel estimation requires time coherence and the same or overlapped frequency resources, a new frequency hopping pattern should be designed.
Proposal 4:
Design new frequency hopping pattern for PUSCH to facilitate joint channel estimation.

Conclusions
In this contribution, we provide our views on the joint channel estimation for PUSCH. The observations and proposals are as below.
Observation 1:
Several constraints are identified for the joint channel estimation for PUSCH,
· Same or overlapped frequency resources
· Same transmission precoding should be used.
· Transmissions should be within a coherent time window. Consecutive transmissions are prioritized. Or at least the interruption between multiple transmissions should be short enough.
· Power consistency should be maintained
· Phase continuity should be maintained.
Proposal 1:
Study the constraint of joint channel estimation and identify the conditions and using scenarios of joint channel estimation.
Proposal 2:
The special slot should be considered for the joint channel estimation, considering additional DMRS resources to improve the accuracy of channel estimation and additional transmission resources to improve the data rates.
Proposal 3:
The optimization of DMRS location or granularity, such as reduced density in time domain should be considered during the study of joint channel estimation. 
Proposal 4:
Design new frequency hopping pattern for PUSCH to facilitate joint channel estimation.
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