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Introduction
The proposals from [1]-[17] cover the following topics and issues.
· HARQ-ACK timing indication
· Timing values for SPS PDSCH, pre-RRC config, RMSI, and default timing values, fixed timing
· Number of HARQ processes
· RRC values for configuration*
· UE Processing time
· Further progress in baseline capability such as non-slot, cross-carrier scheduling
· Further progress in aggressive UE capability for slot-based, and non-slot
· Additional related aspects on UE behavior
· Processing times for repetition cases*
· HARQ-ACK multiplexing and bundling
· Bundling of CBG and time-domain bundling
· HARQ Management
· Out-of-order operation, handling of collisions, TBs and slot alignment

Since there is a dedicated session 7.9 on UE Features, the focus here is on specification open items. UE capabilities may still be discussed and clarified. Also, priority will be toward December specification open items and correction, over new features to be considered for specification before June. A few items not covered in proposals among [1]-[17] are also identified (and starred above ‘*’). 
Several contributions mentioned issues in HARQ-ACK codebook, such as how the specification has implemented the agreement of the downlink association set. It is recommended for these to be treated in joint session with 7.3.4.2 (CA) and 7.3.3.4 (CBG).
Finally, once agreement is achieved on the basic proposals here, further text proposals will be provided to refine these agreements toward CRs.

HARQ-ACK Timing Indication
In the RAN1 #91, it was agreed for the following.
Agreements:
· 3-bit are used to indicate K1 slot-timing in DCI
· RRC configures the set of values to be indexed by these bits to determine K1
· These values are not slot index dependent
· Each value is represented by 4-bit (i.e., up to 16 different values)

Additionally, the following default behaviour was agreed.
Agreements:
· For the case when RRC connection has not yet been established, the UE processing time should be assumed to be the maximum values among all conditions for all capabilities under the same SCS.

Several contributions [3], [4], [11] in this meeting indicated that the signalling details for specification are still incomplete. The following proposal is provided as a merge among these proposals.

Proposal: 
· A default HARQ timing value can be predefined based on the UE minimum processing time (N1) and mapped to one of a set of values that can be indicated by a HARQ timing field in a DCI scheduling a DL assignment.

Proposal (from offline): 
· For PDSCH transmission before RRC connection, the set of timing values K1 between PDSCH and HARQ-ACK is
· FFS: configured using RMSI or defined in specification
· Note: the values should take into account the UE minimum timing requirements agreed in initial access

· For PDSCH scheduled by fallback DCI, the set of timing values K1 between PDSCH and HARQ-ACK is
· FFS: configured using RMSI or defined in specification


For further discussion: The set of K1 slot-timing values which are configurable in RRC at least includes the set
· FFS: {0,1,2,3,4,5,6,7,8}
· Some of the 16 available RRC values may be reserved for future use

For SPS PDSCH, it was noted by [3], [8], [9] that the K1 timing is not clearly defined and provided the same common proposal.
Proposal (from offline): Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.
· FFS: how to handle case when the semi-static configuration conflicts at slot n+k
· FFS: how to handle case with dynamic SFI

Note that the flexibility provided by RRC to configure the same timing value for all DCI entries already enables fixed timing support in specification.

Number of HARQ Processes
In the previous meetings RAN1 AH#3 and RAN1 #91, the following were agreed respectively.
Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design

Agreements:
· The maximum number of DL HARQ processes per carrier that can be signalled in DCI is 16. 
· The maximum number of UL HARQ processes per carrier that can be signalled in DCI is 16.

However, it was not clearly captured what parameters would be configurable in RRC. Therefore, the following proposal is provided, and the DCI field size is confirmed for these conditions.

Proposal (from offline): The number of HARQ processes configurable in RRC for unicast PDSCH per cell for a UE includes the set of integers {2,4,8,10,12,16}
· 4-bits are provided in fallback and non-fallback DCI for addressing the HARQ process regardless of configuration
· UE does not expect DCI to address process ID larger than number of HARQ processes configured in RRC

UE Processing Time
Baseline processing time
Recall from the last meeting there was progress in finalizing baseline processing times for slot-based scheduling, while at the same time providing preliminary processing times for non-slot case. At this meeting, [2],[9],[17] recommend to confirm the preliminary working assumption from RAN1 #91 while [6] also comments that at least in the front-loaded N1 may be the same between non-slot and slot-based. Therefore, we have the following for discussion.
Proposal: 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
· FFS: N1 may also apply if DCI is located in other CORESETs, however this CORESET configuration is considered a separate UE capability
· FFS: The case where multiple PDSCH or PUSCH must be processed within the same slot
· There is no further dependence on allocation length
· 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.

Additionally, some companies in [2],[5],[6] introduced relaxations with regard the following below. This may be revisited if necessary although this would involve changing the previous agreement.
· Last DMRS location
· First DMRS location 
· Location for end of CORESET

Finally, the support of TB repetition across multiple slots or multiple mini-slots was agreed in previous meetings, however it is not clear how the processing times in specification thus far are to be applied.
Proposal: A processing time for N1 needs to be clearly specified for the case of repetition across multiple slots or mini-slots.
Aggressive UE processing time
In this meeting, further progress in the aggressive case is proposed. First, both [1] and [6] suggested to specify UE aggressive processing times for non-slot based scheduling. We can take the proposal from [1] for further discussion.
Proposal: UE processing capability (N1, N2) for slot-based scheduling and non-slot based scheduling are reported separately.
Although there were further proposals to finalizing the aggressive processing time, there was is still some divergence between the proposals in [2],[9] and [17]. Moreover, [17] raises the point that in the case of slot-based scheduling with current set of SFI parameters, the lower end of the range (e.g., N1=2.5 or N2=2.5) enables immediate turnaround for several slot formats (with a reasonable value of timing advance) while the upper end of the range (e.g., N2=6) may not be compatible with any of the slot formats. The overhead introduced is also large, especially if similar times are carried over for non-slot based scheduling.
Therefore, the following is provided for discussion.
Proposal: 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 scheduling
· UE may report reduced throughput capability relative to throughputs achievable with baseline processing time
· FFS on the details, e.g., for number PRBs less than max supported

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.

Additional aspects on processing time
In the previous meeting, there was an agreement on HARQ-ACK multiplexing with the following candidate value given for d. [2] proposed to confirm the value.
Agreements:
In the case of multiplexing HARQ-ACK with uplink data on PUSCH
· N1’ the number of OFDM symbols required for UE processing from the end of PDSCH to the earliest possible start of the corresponding ACK/NACK transmission on PUSCH from UE perspective
· N1’ ≥ N1 + d where N1 is based on the UE capability for ACK-only
· N2’ the number of OFDM symbols required for UE processing from the end of PDCCH containing the UL grant reception to the earliest possible start of the corresponding the same PUSCH transmission from UE perspective
· N2’ ≥ N2 + d where N2 is based on the UE capability for sending data-only on PUSCH
· d = [1] symbols
· UE is not expected transmit the HARQ-ACK multiplexed with uplink data if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
· FFS: how to much time is needed to multiplex CSI reports, depending on outcome from MIMO session.

Proposal: Confirm the working assumption, i.e., d=1 symbol in the above agreement.
Given the possibility of UE reporting different capabilities between non-slot and slot-based scheduling (as mentioned in a previous proposal here for discussion), the flexibility in scheduling re-transmissions on non-slot or slot-based allocations which are different type than the initial transmission is possible. In order to keep the timeline reasonable for UE implementation, the following was proposed in [1].
Proposal: For retransmission, if gNB switches from slot-based allocation to non-slot based allocation (or vice versa), it should assume the processing time to be the maximum values in absolute time across those allocation types and the UE’s capabilities.
The following behavior from [6] can be revisited, although more discussion is needed since the following formulation was not agreed last meeting: The UE is not expected to receive anything on a symbol if it is within T us from an UL transmission by that UE on unpaired spectrum for a given serving cell. 
Finally, in the case of cross-carrier scheduling the following proposal is up for discussion to finalize processing times in this case.
Proposal: For CA, the same minimum UE processing times apply for both same-carrier and cross-carrier scheduling.

HARQ-ACK Multiplexing and Bundling
Proposals for new features regarding ACK bundling in time domain were provided in [12], [16]. Additional bundling across other dimensions was given in [16]. Other companies previously had similar proposals in the past but were not revisited this meeting. The following proposal (modified from [12]) can provide further guidance toward completion in June.
Proposal: Further HARQ bundling techniques should be considered to reduce the overhead impact of peak throughput.
A proposal in [15] was given regarding UCI multiplexing, although this may be more appropriately treated in 7.3.2.3 (UCI Piggyback).

HARQ-ACK Codebook
A number of contributions [1], [4], [9] aimed to clarify the implementation of the DL association set for semi-static HARQ-ACK codebook in 38.213 as per the agreement below from RAN1 #91.
Agreements:
· For semi-static HARQ-ACK codebook, support
· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index
· There is no DAI in DL grants

As stated at the introduction, these will be handled jointly in 7.3.4.2 (CA).

HARQ Management
It was noted [1] and [17] that the flexibility in both scheduling K0 and ACK timing K1 can provide some issues for UE implementation. Some out-of-order aspects can thus result from these. The following description in [1] captures the behaviour expectation for the UE which would lead to reasonable flexibility and implementation.
Proposal: The HARQ-ACK feedback for PDSCH transmitted later is not expected to be early than the HARQ-ACK feedback for PDSCH transmitted earlier.
Additionally, to benefit UE implementation and clarify resource allocation signalling configurability, the following proposal from [17] was provided. This has been modified in light of proposals in [1] to introduce a new feature where a TB spans multiple slots, which still needs some discussion.
Proposal: At least for slot-based scheduling, non-slot based scheduling, and cases where the TB is configured to be repeated across multiple slot of non-slot allocations, the UE does not expect the TB to cross slot boundaries.
On the overall subject of UE behaviour with scheduling flexibility in NR, more details for further study were outline in [14] and worth discussion.
Proposal:
· Consider specification of UE behaviors when multiple transmissions or receptions with different timelines are collided in the following cases
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception

Additional comments
Additional views/comments are welcome below.
	Company
	Comment
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