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Introduction
In the RAN1#96bis, the following was agreed:
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

In this paper, we provide our views on the next steps of the detailed design for schemes 3 and 4.
Discussion
In NR Rel-15, the Time Domain Resource Allocation (TDRA) information for a PDSCH transmission in a slot includes information such that the UE can determine the slot that the PDSCH is expected to be received (a.k.a. K0), the starting symbol in the slot for PDSCH reception and the length or duration of PDSCH reception (a.k.a. SLIV). The UE is also provided with the mapping type which is used to determine the DMRS positions.  The relevant Information Elements (IE) from TS 38.331 is given below:
[bookmark: _Hlk7484697]PDSCH-TimeDomainResourceAllocationList information element
-- ASN1START
-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START


[bookmark: _Hlk7484860]PDSCH-TimeDomainResourceAllocationList  ::=	SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::= 	SEQUENCE {
	k0										INTEGER(0..32)						OPTIONAL,	-- Need S
	mappingType								ENUMERATED {typeA, typeB},
	startSymbolAndLength					INTEGER (0..127)
}

-- TAG-PDSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

	PDSCH-TimeDomainResourceAllocation field descriptions

	k0
The n1 corresponds to the value 1, n2 corresponds to value 2, and so on. Corresponds to L1 parameter 'K0' (see 38.214, section 5.1.2.1) When the field is absent the UE applies the value 0.

	mappingType
PDSCH mapping type. (see 38.214, section 5.3)

	startSymbolAndLength
An index giving valid combinations of start symbol and length (jointly encoded) as start and length indicator (SLIV). The network configures the field so that the allocation does not cross the slot boundary.
Corresponds to L1 parameter 'Index-start-len' (see 38.214, section 5.1.2.1)



From the PDSCH-TimeDomainResourceAllocationList configured to the UE, DCI indicates one of the time domain resource allocations (i.e., one of the PDSCH-TimeDomainResourceAllocation).  However, the NR Rel-15 mechanism for time-domain resource allocation using the PDSCH-TimeDomainResourceAllocationList information element is unsuitable for URLLC scheme 3 since each PDSCH-TimeDomainResourceAllocation in this list only provides one startSymbolAndLength index.  In URLLC scheme 3 with mini-slot based time multiplexing, the start symbol of the mini-slot corresponding to the different TRPs must be different. To generalize, the length of each mini-slot may also be different to give the flexibility.
Furthermore, in RAN1#96bis, the issue of beam switching delay in FR2 operation was brought up for schemes 3 and 4.  A single PDCCH that is received by a UE using one TCI state with QCL type D (i.e., single PDCCH received using one received beam) may indicate one or more PDSCHs associated with another TCI state with QCL type D (i.e., one of the PDSCHs received using another received beam).  In this case, the UE needs to switch beams from the point of receiving the last symbol of the single PDCCH to the point of receiving the first symbol of the PDSCH.  Such beam switching delays are counted in terms of number of OFDM symbols.  For example, at 60kHz subcarrier spacing, the beam switching delay can be 7 symbols; at 120kHz subcarrier spacing, the beam switching delay can be 14 symbols.  The start symbols of different repetitions in the TDM based URLLC schemes should also take into account these beam switching delay.
The time domain resource allocation needs to be enhanced in NR Rel-16 to support URLLC schemes 3 and 4.  Hence, we make the following proposal:

Proposal:  Enhance time domain resource allocation in NR Rel-15 to support URLLC schemes 3 and 4 taking into account the following aspects:
· the need to signal more than one start symbol and/or length
· the need to accommodate beam switching delays in FR2 operation

Conclusion 
In this paper, we provide our views on the next steps of the detailed design for schemes 3 and 4. Based on the discussion in this contribution the following proposal is made:

Proposal:  Enhance time domain resource allocation in NR Rel-15 to support URLLC schemes 3 and 4 taking into account the following aspects:
· the need to signal more than one start symbol and/or length
· the need to accommodate beam switching delays in FR2 operation
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