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Introduction
In this contribution, we address remaining issues regarding the following aspects on UE processing time, and HARQ process management. Some of the content in this contribution previously appeared in [1].
UE Processing Time
In this section we provide further details for specification of non-slot based scheduling and the aggressive UE capability.
Baseline UE capability for non-slot-based scheduling
In the previous meeting RAN1 #91 [2], the following working assumption was made to progress along the baseline capability for non-slot scheduling.
Working assumption:
· The starting point for baseline UE processing time capability in NR Release 15 for non-slot-based scheduling, including CA case with no cross-carrier scheduling and with single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing, is given by Table 2.1-1 below. 
· FFS whether processing times can be supported also for cross-carrier scheduling
· FFS whether additional dependence on time-domain allocation length should be given
· FFS (for N1) regarding front-loaded DMRS location
· FFS (for N1) processing times in relation to CORESET configuration where UE finds scheduling DCI
· FFS if there is a second lower latency UE capability for non-slot based scheduling

Table 2.1-1. UE Processing Time and HARQ Timing for Non-Slot
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N11
	Symbols
	[8]
	[10]
	[17]
	[20]

	Front-loaded + additional DMRS
	N11
	Symbols
	[13]
	[13]
	[20]
	[24]

	Frequency-first RE-mapping
	N22
	Symbols
	[10]
	[12]
	[23]
	[36]


1. FFS whether additional dependence on time-domain allocation length should be given.
2. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

In order to complete the specification for baseline UE capability, we propose to further confirm the starting point under certain conditions. 
Proposal 1: The baseline UE processing time capability in NR Release 15 for non-slot-based scheduling is given by Table 2.1-1 at least for the under the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· CORESET for scheduling DCI is in the first 2 or 3-symbols of the slot
· There is no further dependence on allocation length 
· FFS: N1 may also apply if DCI is locating in other CORESETs, however this CORESET configuration is considered a separate optional UE capability
· PDSCH Type B time-domain allocation
· Non-CA, and CA case with no cross-carrier scheduling 

Aggressive UE capability for slot-based scheduling
Another remaining open item is based following agreement in RAN1 #90b, which was not further refined in RAN1 #91.
Agreements:
· Finalize Table 2.2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.

Table 2.2-1 Proposed Range of UE Processing Time (Capability #2) from RAN1 #90bis
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]
	[2.5-6]



For the purpose of introducing a more capable UE which is distinctly differentiated from the baseline UE capability, the following proposal is made.
Proposal 2: The aggressive UE processing time capability in NR Release 15 is given by Table 2.2-2 for slot-based scheduling defined by the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· CORESET for scheduling DCI is in the first 2 or 3-symbols of the slot
· PDSCH Type A time-domain allocation
· Non-CA, and CA case with no cross-carrier schedulingNon-CA and CA case with no cross-carrier scheduling 

Table 2.2-1 UE Processing Time (Capability #2) for Slot-based Scheduling
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Front-loaded + additional DMRS
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Note that the aggressive time for non-slot based scheduling should be subject to further study.
HARQ Management
In this section, we discuss several aspects on HARQ timing and management.
Maximum number of scheduling DCI
Since the scheduling operation for allocation timing and HARQ timing is dynamically signalled in NR, there can be a lot of flexibility in where scheduling DCI can occur. From the UE perspective, this can lead to very large envelope of requirements on how many grants need to be processed in a given control region. 
For the baseline UE capability, we propose the following limit on scheduling DCI. This is illustrated in Figure 1.
Proposal 3: For the baseline UE capability, the UE is not expected to handle more than 1 uplink unicast data grant and 1 downlink unicast data grant decoded within the CORESETs located in the first 2 or 3 symbols of a slot.


Figure 1. Example of Out-of-Order HARQ

Out-of-order HARQ
Another aspect of dynamic HARQ timing is how to handle the flexibility. Note that because there are no constraints on the DCI and there can be cases whether the signalling is allowed to be fully dynamic, the following odd timing relationships could be signalled to the UE (Figure 2).


Figure 2. Example of Out-of-Order HARQ
Proposal 4: The handling of out-of-order HARQ behaviour should be considered further in cases of fully dynamic signalling of HARQ timing.
· For the case of receiving PDSCH re-transmission for the same HARQ process ID before the corresponding HARQ ACK has been transmitted, this should be considered as part of a UE capability which is optional. 

TB and Slot Boundaries
It was previously agreed that transmissions which span multiple slots may be composed of slot-repetitions of the same TB. Similar behaviour was allowed also for mini-slots. 
Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Additionally, the largest TB supported by UE can be expected to be defined with respect to a slot.
Agreements:
· Single maximum TB size is defined for the reference case, and is not exceeded.
· Reference case is a slot with 14 symbols.

From a HARQ management standpoint, it is beneficial for UE implementation to manage HARQ processes efficiently. One important aspect is being able to leverage the slot-based receiver architecture for shorter transmissions and mini-slot transmissions, with either mini-slot PDCCH or slot-based PDCCH monitoring. Therefore, we have the following proposal.
Proposal 5: From the UE Perspective, transport blocks should not cross slot boundaries.

 Conclusions
Proposal 1: The baseline UE processing time capability in NR Release 15 for non-slot-based scheduling is given by Table 1-1 at least for the under the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· CORESET for scheduling DCI is in the first 2 or 3-symbols of the slot
· There is no further dependence on allocation length 
· FFS: N1 may also apply if DCI is locating in other CORESETs, however this CORESET configuration is considered a separate optional UE capability
· PDSCH Type B time-domain allocation
· Non-CA, and CA case with no cross-carrier scheduling 

Table 2.1-1. UE Processing Time and HARQ Timing for Non-Slot
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N11
	Symbols
	[8]
	[10]
	[17]
	[20]

	Front-loaded + additional DMRS
	N1
	Symbols
	[13]
	[13]
	[20]
	[24]

	Frequency-first RE-mapping
	N21
	Symbols
	[10]
	[12]
	[23]
	[36]


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.

Proposal 2: The aggressive UE processing time capability in NR Release 15 is given by Table 2.2-2 for slot-based scheduling defined by the following conditions
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· CORESET for scheduling DCI is in the first 2 or 3-symbols of the slot
· PDSCH Type A time-domain allocation
· [bookmark: _GoBack]Non-CA, and CA case with no cross-carrier schedulingNon-CA and CA case with no cross-carrier scheduling 

Table 2.2-1 UE Processing Time (Capability #2) for Slot-based Scheduling
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N21
	Symbols
	[2.5-6]
	[2.5-6]


1. If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.


Proposal 3: For the baseline UE capability, the UE is not expected to handle more than 1 uplink unicast data grant and 1 downlink unicast data grant decoded within the CORESETs located in the first 2 or 3 symbols of a slot.

Proposal 4: The handling of out-of-order HARQ behaviour should be considered further in cases of fully dynamic signalling of HARQ timing.
· For the case of receiving PDSCH re-transmission for the same HARQ process ID before the corresponding HARQ ACK has been transmitted, this should be considered as part of a UE capability which is optional. 

Proposal 5: From the UE Perspective, transport blocks should not cross slot boundaries.
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