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1. Introduction
At the RAN1#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. The detailed objectives of PUSCH enhancements are as follows.

	The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
· 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 the potential techniques for coverage enhancements for PUSCH.

2. Discussion on PUSCH enhancements for coverage enhancements
2.1 Enhancements on PUSCH repetition type A 
At the RAN#90-e meeting, it was agreed to enhance PUSCH repetition type A with following two aspects.
1. Increasing the maximum number of repetitions
One of the discussion points for this approach is defining the maximum number of PUSCH repetitions. During the study item phase, 32 was identified as an example, and considering the widely used TDD patterns (e.g. DDDDDDDSUU for FR1 as defined for simulation assumption in the study item phase), the maximum number of 32 is sufficient to realize 8 PUSCH repetitions for the TDD pattern with this approach.

Proposal 1: Increase the maximum number of PUSCH repetitions (i.e., maximum value of PUSCH aggregation factor) up to 32

2. Number of repetitions counted on the basis of available UL slots
For PUCCH, it is already supported that the number of repetitions is counted on the basis of available UL slots. Therefore, the same mechanism can be applied for PUSCH, e.g. counting K (K : PUSCH aggregation factor) consecutive UL/PUSCH slots which are available for PUSCH repetition.

Proposal 2: Count K (K : PUSCH aggregation factor) consecutive UL/PUSCH slots which are available for PUSCH repetition

2.2 TB processing over multi-slot PUSCH
TB processing over multi-slot PUSCH was captured as one of objectives for PUSCH enhancements in the WID.
Fig. 1 shows the simulation result where PUSCH is assigned on the special slot and uplink slot in DDDDDDDSUU  (S: 6D 4G 4U) and DDDSU (S: 10D 2G 2U) TDD pattern for FR1 and FR2, respectively. As shown in the figures, TB processing over multi-slot PUSCH improves the coverage performance of PUSCH in S+U slots. Therefore, S+U slots should be considered for TB processing over multi-slot PUSCH as they are widely used in typical TDD patterns. 

Proposal 3: S+U slots in TDD configuration should be considered for TB processing over multi-slot PUSCH



Figure 1. Link level simulation results capturing the gain from TB over multi-slots for PUSCH.


· Signalling mechanism for TB processing over multi-slot
Since current mapping types for time domain resource allocation cannot allocate more than 14 symbols for one PUSCH, new signalling scheme needs to be introduced in order to realize one PUSCH over multiple slots. Candidate signalling mechanisms are listed as below.
Option 1: Introduce a new mapping type in TDRA which can allocate more than 14 symbols
Option 2: Integrate several PUSCH resources
2a: Multi-PUSCH assigned by DCI(s) (Fig.2)
            2b: Several actual repetition (Fig.3)
Option 1 is to introduce a new mapping type in TDRA, which can allocate more than 14 symbols for one TB. Option 2 is to integrate several PUSCH resources. In this case, the several PUSCH resources are indicated to be configured for one PUSCH resource which constitutes of one TB. For example, multi-PUSCH indicated by one DCI could be integrated into one PUSCH resource based on specific indication for integration, as shown in Fig. 2. Fig. 3 shows the other example where several actual repetitions are integrated into one PUSCH based on specific indication for integration. Through these ways, it is possible to allocate more than 14 symbols for one PUSCH.




[bookmark: _Ref52895482]Figure 2. Integration of multi-PUSCH indicated by one DCI.


Figure 3. Integration of PUSCH repetition into one PUSCH resource.

· DM-RS position
In the current specification, DM-RS configuration types cover only up to 14 OFDM symbols in PUSCH allocations. When one PUSCH resource has more than 14 OFDM symbols, DM-RS configuration type should be extended to cover more than 14 symbols for uniform DM-RS symbol distribution. On top of that, the maximum number of additional DM-RS symbols should be increased, as one PUSCH has more OFDM symbols. 

Proposal 4: DM-RS configuration should be extended so that one PUSCH can have more than 14 OFDM symbols with uniform DM-RS symbol distribution. 

Proposal 5: It is better to support more than 3 additional DM-RS positions in case that one PUSCH has more than 14 OFDM symbols.  

2.3 Joint channel estimation
Joint channel estimation was captured as one of objectives for the PUSCH enhancements in the WID. Approximately 1 dB gain from joint channel estimation across slots can be seen in Fig. 4. In TDD, S slot and U slot are the slots which consist of uplink symbols. Therefore, special slot should be considered for the joint channel estimation as well as for TB over multi-slot PUSCH with considering widely used TDD patterns.

Proposal 6: S+U slots in TDD configuration should be considered for joint channel estimation.
 
Figure 4. Link level simulation results capturing the gain from cross-slot channel estimation for  PUSCH (cross-slot off: 2 DM-RS, cross-slot on: 2 DM-RS + 2 additional DM-RS in the next slot)

· Signalling mechanism for joint channel estimation
Joint channel estimation requires power consistency and phase continuity between DM-RS symbols on multiple slots. In order for gNB to estimate channel jointly across multiple slots, UEs have to transmit DM-RS symbols on certain conditions. Therefore, a signalling mechanism to indicate UEs among which DM-RS symbols are going to be bundled should be considered. There are two potential approaches regarding this signalling mechanism as follows. 
· Indicating a set of PUSCH resources where UEs enable DM-RS bundling
When assigning a set of PUSCH resources such as multi-PUSCH allocation or PUSCH repetition, UE is informed to transmit DM-RS symbols for joint channel estimation, so that gNB can estimate channel jointly over multi-PUSCH resources
· Indicating a set of slots (or symbols) where UEs enable DM-RS bundling
UEs are informed to transmit DM-RS symbols within certain slots (or symbols) for joint channel estimation, so that gNB can estimate channel jointly within several slots (or symbols)
· DM-RS position
New DM-RS symbol position (location/granularity in time domain) should be considered when cross-slot channel estimation is adapted, because DM-RS symbols are placed non-uniformly in current specification. As shown in Fig. 3, new DM-RS position scheme can provide benefit on channel estimation based on uniform DM-RS symbol positions.
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Figure 5. Smart DM-RS position under cross-slot channel estimation.

Proposal 7: New DM-RS symbol position (location/granularity in time domain) should be considered when cross-slot channel estimation is adapted.

· Configuring DM-RS in special slot
DM-RS may be configured for special slot for DM-RS bundling, although PUSCH is not configured for the UL symbols in the special slot. For example, in DDDSU TDD pattern (S:10D, 2G, 2U), if DM-RS symbols are configured in special slot, 2 uplink symbols in special slot can be used for joint channel estimation with next uplink slot. Thus, it might be beneficial to configure only DM-RS symbols in special slots.

Observation 1: It is valuable to insert DM-RS symbols in S slot for the joint channel estimation with next uplink slot.

3. Conclusion
In this contribution, we discussed on the potential techniques for PUSCH for coverage enhancements. Based on the discussion we made following proposals.
Proposal 1: Increase the maximum number of PUSCH repetitions (i.e., maximum value of PUSCH aggregation factor) up to 32
Proposal 2: Count K (K : PUSCH aggregation factor) consecutive UL/PUSCH slots which are available for PUSCH repetition
Proposal 3: S+U slots in TDD configuration should be considered for TB processing over multi-slot PUSCH

Proposal 4: DM-RS configuration should be extended so that one PUSCH can have more than 14 OFDM symbols with uniform DM-RS symbol distribution. 

Proposal 5: It is better to support more than 3 additional DM-RS positions in case that one PUSCH has more than 14 OFDM symbols.  

Proposal 6: S+U slots in TDD configuration should be considered for joint channel estimation.

Proposal 7: New DM-RS symbol position (location/granularity in time domain) should be considered when cross-slot channel estimation is adapted.


Observation 1: It is valuable to insert DM-RS symbols in S slot for the joint channel estimation with next uplink slot.
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