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Introduction
Coverage enhancement WID was agreed in RAN # 90e (RP -202928) [1]. It includes the following description:· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 


This contribution discusses the specification enhancements required to realize TB processing over multi-slot PUSCH.

Discussion
[bookmark: _Ref228947482]TDRA
We consider three options for TB processing over multi-slot PUSCH:
A) Continuous mapping over multi-slots
B) Common TDRA (Time Domain Resource Allocation) for at least UL-only slots
C) Flexible mapping 
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Figure 1. TB processing over multi-slot PUSCH mapping pattern
Figure 1-(a) allocates PUSCH to all the symbols in the UL interval. This is based on the principle that in order to maximize any coverage extension, it could be desirable to use as many as possible of the available UL symbols for PUSCH. However, considering SRS, it may be better not to allocate every symbol in the UL-interval. For example, symbol # 13 of each slot can be left for SRS as shown in Figure 1-(b). 
Figure 1-(c) shows the flexible option of allowing different PUSCH allocations for each slot. In addition to the variations of supporting SRS, it may be worth to consider supporting the case of beam switching during a slot in FR2, which may require additional mapping patterns.
Apparently, the mapping patterns in Figure 1-(a) and Figure 1-(b) are just a subset of those in Figure 1-(c). All of the above patterns can be signaled by indicating the start symbol S and length L in each slot.
Observation 1: All TB processing over useful multi-slot PUSCH mapping patterns can be represented by providing start symbol S and length L parameters for each slot.
Existing TDRA determination schemes may be reused or revised for supporting TB processing over multi-slot PUSCH. In the case of common TDRA for UL only slots, as in Figure 1-(b), this can be applied with the similar approach to TDRA in PUSCH repetition type A (PUSCH aggregation equivalent of Rel -15). A time domain resource is allocated with the same start symbol and length in all slots. The start symbol and length commonly applied to all the slots as notified by the TDRA region of DCI. Type A has one repetition per one slot, so the number of repetitions is the same as the number of slots. When using a partial UL slot, the gNB notifies the UE of the start symbol S and Length L separately for the UL-only slot and the partial-UL slot in the same DCI.
The above mentioned pusch-Repetition Type A approach cannot be used in the pattern shown in Figure 1-(c). Therefore, when supporting Figure 1-(c), another approach needs to be considered. 
In Rel -16, pusch-TimeDomainAllocationListForMultiPUSCH was specified to perform multi-PUSCH transmission on the Unlicensed band. Its’ configuration uses the TDRA table for multiple PUSCH (see TS 38.214 [2], clause 6.1.2). The network configures at most 16 rows in this TDRA table in PUSCH-TimeDomainResourceAllocationList-r16 configured by this field. This procedure creates a table by defining start symbol S and Length L by the number of slots. The TDRA determination can be used in the pattern shown in Figure1-(c). 
From the above discussion, the characteristics of each mapping pattern are summarized in the following table.
Table 1. The characteristics of each mapping pattern
	Mapping pattern
	Coverage extension
	Flexibility
	Information bits size

	Continuous mapping over multi-slot
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	Common TDRA for at least UL-only slots
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	Flexible mapping 
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Proposal 1:  Further discuss which of the following mapping pattern to be supported,
(a) Continuous mapping over multi-slot
(b) Common TDRA for at least UL-only slots
(c) Flexible mapping 

TBS determination
Currently, TBS for single-slot PUSCH is determined by using an unquantized intermediate variable according to TS 38.214 5.1.3.2 and 6.1.4.2 [2]. The unquantized intermediate variable (Ninfo) is obtained as follows:

[bookmark: _GoBack]Where NRE is the number of REs, R is target code rate, Qm is modulation order,  is number of layers. When a TB is transmitted over multi-slot PUSCH, the unquantized intermediate variable (Ninfo) can be calculated using R, Qm,   and the sum of NRE in each slot. In the general case this can be expressed as:  

In the case of the same number of symbols per slot, such as for the pattern shown in Fig. 1-(b), this can be simplified to the following equation, where N is the number of slots.

Proposal 2: Unquantized intermediate variable (Ninfo) is obtained by the following:


DM-RS
When implementing TB processing over multi-slot PUSCH, the overhead from DM-RS needs to be considered, for example, the overhead can be reduced by varying the number of DM-RSs, but it is necessary to reconsider the optimal location of DM-RS, etc. Such a task would require a large amount of work in RAN1 while the benefit from reduced number of DM-RS will be limited. Therefore, we prefer that existing specifications should be reused for DM-RS.
Proposal 3: Existing DM-RS specifications should be reused

Conclusions
In this contribution, we proposed the specification enhancements required to realize TB processing over multi-slot PUSCH. The proposal is as follows.
[bookmark: OLE_LINK3]Observation 1: All TB processing over useful multi-slot PUSCH mapping patterns can be represented by providing start symbol S and length L parameters for each slot.
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(a) Continuous mapping over multi-slot
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Proposal 3: Existing DM-RS specifications should be reused

References
[bookmark: _Ref520980791][1] RP-202928, New WID on NR coverage enhancements, China Telecom, RAN#90e, Dec. 7-11, 2020
[2] 3GPP TS 38.214 v16.0.0

1

image3.svg
        


image4.png




image5.svg
          


image6.png




image7.svg
           


image1.emf

image2.png




