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[bookmark: _Ref513464071]Introduction
This contribution describes and proposes the following possible enhancements to improve coverage for PUSCH:
· DM-RS bundling with DM-RS in special slot
· [bookmark: _GoBack]Multi-slot PUSCH. 
DM-RS in special slots and DM-RS bundling
In TDD, the number of uplink slots is limited, creating a constraint for the number of DMRS symbols that can be placed in an uplink slot. There exists tradeoff between the number of DMRS placed and number of resource blocks (RB) required to achieve target data rate, i.e., as the number of DMRS symbols in an uplink slot increases, the number of RBs increases as well. Therefore, the number of DMRS symbols placed in an uplink slot should be minimized to maximize the power allocation for data without degrading channel estimation performance.
Observation 1: The number of DMRS symbols placed in an uplink slot should be minimized without sacrificing channel estimation performance
One approach is to take advantage of a special slot which can be placed before the uplink slot. Typically, several uplink symbols follow the guard symbols in a special slot and it is possible to place reference signals in the uplink symbols in the special slot. Thus, it is possible to place DMRS symbols in a special slot which can be used to assist channel estimation in the following uplink slot. An example of such placement is shown in Figure 1 where one UL DMRS symbol is placed in the special slot which is followed by an uplink slot.

[image: ]
[bookmark: _Ref47746548]Figure 1 An example of placement of UL DMRS in a special slot before uplink slot
Observation 2: DMRS symbol can be placed in a special slot which is placed before the uplink slot, allowing channel estimation across the slot boundary
The proposal here is similar to DMRS bundling in which DMRS placed outside of the uplink slot can be used for channel estimation for the corresponding slot. Thus, the following proposal is made
Proposal 1: Support placement of DMRS symbol in a special slot which is bundled with DMRS with adjacent uplink slot
The proposal can be applied to Repetition Type B as well when actual repetition goes across the slot boundary. In one of the actual repetitions, DMRS can be placed and the DMRS can be shared between 2 actual repetitions. Thus, the following proposal is made.
Proposal 2: Support DMRS bundling in Repetition Type B which includes DMRS placement in a special slot
Multi-slot PUSCH
In low SNR conditions, transmission based on repetitions with RV cycling is not always the best way to improve coverage, e.g. in scenarios of limited power headroom, limited cell capacity, or when stringent latency is required. Coverage enhancement by repetition can require a wider band frequency domain allocation to accommodate the TB size within a slot (e.g. more than 1 PRB).  
Even if the TB size is not be large, latency requirements (e.g. VoIP or time-sensitive traffic) might not be met when numerous repetitions required to meeting the HARQ operating point. Further, from a cell load/capacity point of view, when the cell is serving many devices in cell-edge conditions, repetition may limit the number of served devices and may yield to starvation of non-GBR traffic in the cell.
Observation 3: 	Relying solely on repetitions to meet PUSCH coverage can have the following shortcomings:
1)	A non-narrow band frequency allocation, thus reducing the TB’s power spectral density
2)	An increase of latency required to transmit the TB/reach the required HARQ operating point
3)	Increased cell load, which may come at the cost of other service types/users in the cell.
Spreading the TB over multiple slots in the time domain, however, can improve the power spectral density. A single TB can be scheduled over multiple consecutive slots with a narrower frequency allocation. Modulated symbols can be mapped over multiple resources in the time domain to ensure a higher spectral density. 
Proposal 2: 	Support TB scheduling over consecutive slots in the time domain without repetition
The UE alternatively can split the TB into multiple coded segments that are transmitted over multiple slots. For example, DFT codes or similar can be used for orthogonal coding scheme to produce the coded TB segments (e.g. applied directly on modulated symbols). Outer codes or similar block coding scheme can be used to produce coded TB segments. The choice of encoding depends on whether it is applied on information bits received from higher layers (e.g. the MAC PDU), bits after channel coding, or on modulated symbols prior to mapping to transmission resource. When the cell load is high and the cell is capacity limited, the gNB can multiplex another UE on the same set of resources by using a different spreading code from the same base sequence.
Proposal 3: 	Support TB encoding for transmission of coded TB segments mapped over multiple slots
Given the transmission time for a multi-slot PUSCH can be long, a small portion of the PUSCH transmission may suffer worse channel conditions than remaining scheduled slots (e.g. due to deep fading, fast fading, or sporadic interference). It can thus be beneficial to retransmit a portion of the TB that was not successfully decoded. Given the TBS is small, CBG retransmission may not be possible. The gNB can request to retransmit symbols mapped to a given slot for example.
Proposal 4: 	Support partial TB retransmission for TBs transmitted over a multi-slot PUSCH
Conclusion.
The following observations are made in this contribution.
Observation 1: The number of DMRS symbols placed in an uplink slot should be minimized without sacrificing channel estimation performance
Observation 2: DMRS symbol can be placed in a special slot which is placed before the uplink slot, allowing channel estimation across the slot boundary
Observation 3: 	Relying solely on repetitions to meet PUSCH coverage can have the following shortcomings:
1)	A non-narrow band frequency allocation, thus reducing the TB’s power spectral density
2)	An increase of latency required to transmit the TB/reach the required HARQ operating point
3)	Increased cell load, which may come at the cost of other service types/users in the cell.

This contribution proposes to support the following enhancements:

Proposal 1: 	Support placement of DMRS symbol in a special slot which is bundled with DMRS with adjacent uplink slot
Proposal 2: 	Support DMRS bundling in Repetition Type B which includes DMRS placement in a special slot
Proposal 3: 	Support TB scheduling over consecutive slots in the time domain without repetition
Proposal 4: 	Support TB encoding for transmission of coded TB segments mapped over multiple slots
Proposal 5: 	Support partial TB retransmission for TBs transmitted over a multi-slot PUSCH
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