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[bookmark: _Ref521334010]Introduction
During the Rel-17 study item “Study on NR coverage enhancements”, PUSCH has been identified as the bottleneck channel. The enhancement for PUSCH was approved to be specified in Rel-17 coverage enhancements WI [1] including the following objectives:
	· 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, the objective of the mechanism(s) to enable joint channel estimation is discussed.
Discussion
For uplink transmission, cross-slot channel estimation is up to gNB implementation in principle. The premises are the transmission power should be consistent and the phase should be continuous across the slots in which multiple PUSCHs are transmitted. Similar issue exists for DMRS sharing between sTTIs in LTE. RAN4 replied that DMRS symbol could be shared only if Tx PLL is not re-tuned in between the two sTTIs and the gap between 2 non-contiguous (in time domain) sTTI is up to 2 sTTIs [2]. An LS has been sent to RAN4 during last meeting to ask the conditions of power consistence and phase continuity in NR. Although more details should be further studied after the definite reply, the overall analysis is consistent in general.
Observation 1: Cross-slot channel estimation can be applied to PUSCHs in consecutive slots satisfying the requirement of power consistence and phase continuity.
For multiple PUSCH transmissions mentioned in the objective, it may refer to three cases including: 1) PUSCH with repetition, 2) PUSCH with different TBs and 3) TB processing over multi-slot PUSCH. For the first case, apart from frequency hopping, same frequency resource and constant power can always be guaranteed among PUSCH repetitions. Then, joint channel estimation can be enabled by gNB when the gap between repetitions meets the requirement of phase continuity. For example, PUSCH with 2 repetitions are scheduled by DCI in slot n-1 as shown in Figure 1. As long as the gap between the ending symbol of PUSCH rep#1 in slot n and the starting symbol of PUSCH rep#2 in slot n+1 is less than X symbols determined by RAN4, joint channel estimation can be used for these two PUSCHs to improve the transmission performance.


Figure 1: PUSCH with 2 repetitions scheduled by one DCI
For the second case, the adjacent PUSCHs have to be allocated with same frequency resource to gurantee the requirement of power consistence and phase continuity. A shown in Figure 2, PUSCH #1 in slot n and PUSCH #2 in slot n+1 are scheduled by two seperate DCIs in slot n-1, and the gap between two PUSCHs with the same allocated RBs in frequency domain is less than X symbols similar as the first case. Then, joint channel estimation can be considered for these two PUSCHs. Additionally, UE does not expect to adjust transmission power during the PUSCH transmissions using joint channel estimation in order to maintain the requirement of power consistence. 


Figure 2: Different PUSCHs scheduled by two separate DCIs
As shown in Figure 3, the PUSCH carrys only one TB processing over slot n and slot n+1, assuming that there is no gap between two consecutive slots and no difference in the RB allocation. Transmission power is also constant as it is a single PUSCH transmission occasion. Joint channel estimation can be easily applied to the case wherein single TB is processed on multi-slot PUSCH.


Figure 3: PUSCH over two slots scheduled by one DCI 
Observation 2: Joint channel estimation can be applied to multiple PUSCH transmissions including PUSCH with repetition, PUSCH with different TBs and TB processing over multi-slot PUSCH .
Furthermore, potential optimization of DMRS location/granularity in time domain is not precluded in objective. In order to achieve the optimal transmission performance, it is necessary to design corresponding DMRS transmission patterns on multiple continuous slots. More DMRS in adjacent slots can be used to improve the accuracy of channel estimation. On the other hand, a DMRS pattern with lower DMRS density in multiple slots can be considered to achieve more coding gain. It is straightforward that there is a trade-off for DMRS density between channel estimation accuracy and channel coding rate. In this case, gNB and UE need to have the same understanding on the multi-slot-based DMRS pattern. Therefore, the DMRS bundling window with the multi-slot-based DMRS pattern should be determined. The concrete DMRS location within each DMRS bundling window needs to be further studied. An favorate multi-slot-based DMRS pattern should obtain more coding rate under the premise of ensuring the accuracy of channel estimation.
Proposal 1: New DMRS patterns on continuous slots with lower DMRS density should be futher studied .
Another bullet in the objective is about inter-slot frequency hopping with inter-slot bundling. Frequency hopping will result in a random phase difference between the two consecutive slots in time domain [3], which does not meet the requirement of phase continuity. Hence, new frequency hopping pattern is necessary to support the mechanism, such as more than one PUSCH/slot in a hop. From the perspective of unified indication in joint channel estimation, PUSCHs within a bundling window can be assigned with the same frequency resources. Furthermore, the FDRA can be different between adjacent bundling window in order to realize frequency hopping with inter-slot bundling, as shown in Figure 4. Lower DMRS density involved in the previous analysis can be further studied whether it is needed in the frequency hopping pattern.


Figure 4: Inter-slot frequency hopping pattern with bundling window size equal to 2
Proposal 2: Frequency hopping pattern with inter-slot bundling can be determined according to the bundling window size.
Conclusion
In this contribution, we share our views on PUSCH coverage enhancement on joint channel estimation. The observations and proposals are summarized as follows:
[bookmark: _GoBack]Observation 1: Cross-slot channel estimation can be applied to PUSCHs in consecutive slots satisfying the requirement of power consistence and phase continuity.
Observation 2: Joint channel estimation can be applied to multiple PUSCH transmissions including PUSCH with repetition, PUSCH with different TBs and TB processing over multi-slot PUSCH .
Proposal 1: New DMRS patterns on continuous slots with lower DMRS density should be futher studied .
Proposal 2: Frequency hopping pattern with inter-slot bundling can be determined according to the bundling window size.
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