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Introduction
This document provides a summary of the issues addressed by the submissions to RAN1 #90 in [1]-[20], which can be essentially grouped along the following topics.
· UE Processing Time
· HARQ-ACK Feedback Timing
· HARQ-ACK Multiplexing and Bundling
· [bookmark: _Hlk495281954]Maximum number of HARQ processes
· Other aspects of scheduling/HARQ management, e.g., management across slots and mini-slots

It is important to note that in several cases, the topics discussed above were inter-related with at least the following agenda items. Potential proposals may need to be discussed with those groups for consistency.
· 7.3.3.1 DL/UL resource allocation
· E.g., the handling of mini-slots and slots from a HARQ standpoint can be closely related to the manner in which the allocations are made
· 7.3.3.3 CBG-based (re)transmission
· E.g., the HARQ-ACK multiplexing and bundling proposals given here address CBG-based re-transmission feedback
· 7.3.3.4 UL data transmission procedure
· E.g., the handling of mini-slots from a HARQ standpoint
· 7.3.4.2 Other aspects on carrier aggregation
· E.g., the HARQ-ACK multiplexing and bundling proposals given here are meant to also address CA operation

UE Processing Time
In the last RAN1 NR AdHoc #3, the following progress was made toward identifying two UE capabilities for processing time with respect to slot-based scheduling. The following agreements included convergence to a set of values which represented a reasonable starting point for NR based on a set of conditions meant to provide a reasonable scope of operation.
Agreements:
· For a set of operation conditions, two minimum (K1, K2) values representing two different UE capabilities are supported at least for slot-based scheduling
· Note: each of the minimum (K1, K2) is based on assumptions of a respective UE turn-around times (N1, N2)
· FFS the set of operation conditions (e.g., SCS, DM-RS locations, etc.)
· FFS detailed signalling of UE capability based on (N1, N2) or (K1, K2)

Agreements:
· The set of operation conditions at least include the contents & the notes of Table 1 and the 1st column and the 1st row of Table 4 & Table 5 in R1-1716865 
· The values in Table 4 can be used as a starting point for further discussion for one of the two UE capabilities at least for slot-based scheduling
· Note: the values for 60kHz and 120kHz are less mature
· The values in Table 5 can be used as a starting point for further discussion for the other of the two UE capabilities at least for slot-based scheduling
· Note: these values are less mature than those in Table 4

Below we summarize the updates made to Table 4 from R1-1716865 [21], listed below as Table 1 with changes made in bold and “N/C” indicating proposal was given with “No Change” from [21] thereby continuing to accept. In some cases, no proposal was given which neither finalizes nor modifies the previous starting values provided in [21]. Along with the updates, some important comments are included below. It can be seen that there is a gradual move toward establishing a baseline HARQ timing for NR. Further discussion is needed to converge upon these values and scope of support.
Table 1. UE Processing Time and HARQ Timing (Capability #1)
	Configuration
	Reference
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	[21] (previous)
	N1
	Symbols
	[8]
	[9.5]
	[14]
	[14-21]

	
	[12]1
	N1
	Symbols
	N/C
	N/C
	N/C
	[21]

	
	[19]2
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[2]3
	N1
	Symbols
	[6]
	[8]
	No proposal
	No proposal

	
	[3],[4]
	N1
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal

	Front-loaded + additional DMRS
	[21]
	N1
	Symbols
	[13,15]
	[13,15]
	[16]
	[21]

	
	[12]
	N1
	Symbols
	[13]
	[13]
	[16.5]
	N/C

	
	[19]
	N1
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[2]
	N1
	Symbols
	[15]
	[16]
	No Proposal
	No Proposal

	
	[3],[4]
	N1
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal

	Frequency-first RE-mapping
	[21]
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]

	
	[12]
	N2
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[19]
	N2
	Symbols
	N/C
	N/C
	N/C
	N/C

	
	[2]
	N2
	Symbols
	[15]
	[16]
	No Proposal
	No Proposal

	
	[3],[4]
	N2
	Symbols
	No Proposal
	No Proposal
	No Proposal
	No Proposal


1. [12] Proposes to make this the normal mode of supported by all UEs, and FFS to increase the scope of supported operating conditions further e.g., higher order modulation and carrier aggregation.
2. [19] Proposes to increase the scope of operating conditions further so that these processing times may be supported as a baseline mode of operation, e.g., with FFS on carrier aggregation, and further control channel aspects both for PDCCH and PUCCH.
3. [2] Recommends these values to be considered as the UE Processing time in NR slot-based scheduling for Rel 15, if RAN1 decides it must be specified, and if majority of UE vendors may support these values.

For the second UE capability, which is generally acknowledged as the aggressive processing time capability, there was less convergence toward these values but still some useful discussion and a motivation to have this offered in NR. More discussion is needed in this area relative the earlier table given above, including how this might be captured in specification.
Table 2. UE Processing Time and HARQ Timing (Capability #2)
	Condition
	Reference
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	[21]
	N1
	Symbols
	[2.5]
	[2.5]

	
	[12] 1
	N1
	Symbols
	N/C
	N/C 

	
	[19]2
	N1
	Symbols
	N/C
	N/C

	
	[4]3
	N1
	Symbols
	[3]
	[3]

	
	[2],[3]
	N1
	Symbols
	No Proposal
	No Proposal

	Front-loaded + additional DMRS
	[21]
	N1
	Symbols
	[11.5]
	[11.5]

	
	[12]
	N1
	Symbols
	No proposal
	No proposal

	
	[19]
	N1
	Symbols
	N/C
	N/C

	
	[4]
	N1
	Symbols
	[12]
	[12]

	
	[2],[3]
	N1
	Symbols
	No Proposal
	No Proposal

	Frequency-first RE-mapping
	[21]
	N2
	Symbols
	[2.5]
	[2.5]

	
	[12]
	N2
	Symbols
	N/C
	N/C

	
	[19]
	N2
	Symbols
	N/C
	N/C

	
	[4]
	N2
	Symbols
	[10]
	[10]

	
	[2],[3]
	N2
	Symbols
	No Proposal
	No Proposal


1. [12] Proposes to additionally offer these processing time capabilities with an additional limitation in terms of the percentage of peak throughput achievable with this processing time. This latter aspect is also supported by [20].
2. [19] Proposes to increase the scope of operating conditions under which these times are provided, to improve the applicability of such times provided there is no significant degradation in the delays.
3. [4] Proposes to use this table as one capability, and the value of N2 was provided under conditions such as prior knowledge of HARQ process id under which reasonable values could be agreed.

Generally, progress toward finalizing is a shared goal subject to further discussion and scoping, and additional decisions to provide clarity on the processing loads involved. UE processing times for certain configurations such as front-loaded DMRS might further be extended to mini-slots as a next step, once slot based scheduling processing times are well characterized.
Regarding the additional open items such as how to capture the granularity, there seems to be majority opinion to have this captured in units of symbols thereby specifying values along N1,N2 rather than specifying K1,K2 coupled with timing advance and channel structure assumption. This may be a subject of further agreement at this meeting.

Additional views/comments are welcome below.
	Company
	Comment

	
	



HARQ-ACK Feedback Timing
From the study item, it was first established to include support for dynamic timing of both HARQ-ACK feedback timing and uplink grant scheduling.
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing

Since then, remaining details for realizing this agreement in specification have been discussed, along with support for semi-static operation. Some of the different aspects in the references [1]-[20] are given below.
· Slot resolution timing indication of K1,K2 in DCI, where the values are provided through configuration was proposed e.g., Huawei, CATT (for HARQ-ACK at least), and was common among others
· Nokia proposed further allowing this operation to include just one value (and reduce DCI overhead) as a means to enabling semistatic operation.
· DCM considered RRC configurations to include both scheduling and timing jointly were proposed as a further optimization.
· Default timings are also subject of discussion, and under what conditions they are established. Nokia provides some discussion e.g., for a set of K for the dynamic case.
· Mini-slot resolution timing indication was discussed with focus on low-latency operation.
· Nokia proposes to have duration and start indicated together with one index value, where the set is configured through RRC.
· Samsung suggests having two separate configurations for slot and mini-slot operation.
· For CA case, HARQ timing configuration specific per serving cell was proposed by Huawei.
· Whether to support signalling for ACK polling was discussed by InterDigital and Ericsson, which would suggest having a K1 value (or DCI field) indicating to hold all processes in memory.

It seems reasonable to further specify the timing indication in slot resolution K1,K2, with configuration of values such that they fit within a target bit width at least for slot-based operation. Support of these dynamic times could be general, even in the case of semi-static UL/DL operation. Extending this to CA cases specific to serving cell could be pursued as a natural extension, consistent with the maximum number of HARQ processes which are also configurable per carrier.

Additional views/comments are welcome below.
	Company
	Comment

	
	



HARQ-ACK Multiplexing and Bundling
Background on ACK Multiplexing
Support of HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers has been agreed. For the case of CBG-based re-transmission, HARQ-ACK multiplexing should also be supported. The motivation CBG-based re-transmission is improving spectrum efficiency for large TB or URLLC preemption case. Under the progress from previous meetings, some open issues have been identified.
· HARQ-ACK multiplexing
· Over multiple slots or over multiple mini-slots or over slot(s) + mini-slot(s): HW, CATT
· Over multiple carriers with the same or different SCSs: HW, CATT
· Over multiple CWs
· Over multiple CBGs in a TB
· Some or all of the combinations above
· In all cases, consider designs aspects on 
· Dynamic and semi-static HARQ-ACK codebook
· Dynamic and semi-static HARQ-ACK feedback timing

One motivation among many companies is to provide the HARQ multiplexing operation with robustness to where the PDCCH for certain grants may be missed, and so NAKs may not be sent appropriately to signal the losses of these transmissions. A common solution among many companies, the starting point of having a Dynamic Assignment Index (DAI) with a counter/total indication was proposed in many cases and seems a possible agreement to enabling HARQ multiplexing.  
Note that as part of the dynamic feedback timing discussed in the previous section, it is natural for this to be closely related to the dynamic support of HARQ-ACK codebook. For instance, if the DCI timing indication of the HARQ-ACK for multiple slots all point to one uplink control channel on a later slot, then ACK is consequently multiplexed.

Background on ACK Bundling
HARQ-ACK bundling with binary “AND” operation of multiple HARQ-ACK bits can reduce the number of feedback bit for UEs. It is an efficient way to improve the coverage and capacity of UL control, especially for cell-edge UEs. On the other hand, one disadvantage of HARQ-ACK bundling is the spectrum efficiency loss since the result of “AND” operation is NACK and all the data packets need to be retransmitted even if only 1 HARQ-ACK bit is NACK. Therefore, when HARQ-ACK bundling is discussed, correlation of the data packet or channel quality should be considered, i.e., bundling across data which suffers channel of high correlation is a better choice.
Below is a survey of positions that were discussed last meeting and continue for this case. The question of semi-static and dynamic operation is a second related topic, once the different modes of bundling are understood.
· Bundling across CBG: HW, Nokia
· Note this might be similar to disabling CBGs depending on bundle size
· Bundling across slots with different TBs / DL transmissions: HW, Nokia, Samsung, Sequans
· Note this might include also disabling of CBGs when focused on link budget purpose
· Bundling across spatial transmissions: HW, Samsung, Intel, Lenovo, Sequans

From the above, the following may seem to be a common position among companies to consider further bundling across spatial transmissions and slots, mini-slots. Whether bundling of CBG-ACK is equivalent to disabling CBG is one area for discussion, and note that dynamic signaling of bundling for CBG-ACK might need to be considered in light of the following agreement below. 
Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15

More discussion with 7.3.3.3 should also be considered when moving toward agreements. 

Additional views/comments are welcome below.
	Company
	Comment

	
	



Maximum number of HARQ processes
There still remains to be a difference of opinion in the maximum number of HARQ processes being 8 or 16 among the contributions of [1]-[20]. To provide an example of differing views
· [6] Progress in UE processing time suggests that the latency can be reduced and translated to a shorter HARQ RTT, and thus smaller number of required HARQ processes.
· [17] Illustrates how the number of HARQ processes of 16 can allow more flexibility in pairing subcarrier spacing choices with different loop RTT values which may arise in practice.
· [18] Suggests that although 16 processes may seem needed to support LTE coexistence cases, it is unclear whether design for the same flexibility of configurations should be carried over for NR, particularly since some of configurations warranting a large number of HARQ processes may not have been used in practice.

The survey of positions from last meeting, as captured in [21], appears to be similar in this meeting.
· 16: Huawei, Nokia, Samsung, Fujitsu, Docomo, NEC
· 8: Qualcomm, AT&T, CATT, Ericsson

It should be noted that the configurability on the maximum number of HARQ processes was agreed last meeting on a related agenda item.
Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design

Additional views/comments are welcome below.
	Company
	Comment

	
	



Other aspects of scheduling/HARQ management
Mini-slot and slot HARQ management was discussed last meeting and again this meeting. Intel provides summary understanding of the different aspects between mini-slots and slots.
· DMRS placement
· Slot: 3rd/4th symbol of a slot
· Non-slot: 1st symbol of the data channel
· Note: these have already been agreed
· Time-domain resource allocation - start/end positions of data duration
· Slot: Start can be first ‘x’ symbols of a slot (x = [4]); End can be one of last ‘y’ symbols of a slot (y = [4] considering 2-symbol PUCCH and 1 symbol for switching)
· Non-slot: Start: any symbol of a slot; End: Any symbol of a slot
· Note: these are mainly the topic of 7.3.3.1
· CORESET location
· For slot-based scheduling: Limited to within first 3 symbols of a slot
· For non-slot-based scheduling: Any symbol of a slot
· Note: these are mainly the topic of 7.3.1

One aspect for consideration is whether the HARQ processes should be shared among mini-slots and slots, while another question is whether a UE should support both slots and mini-slots simultaneously scheduled (and under what conditions may be acceptable). Ericsson has proposed to at least share the HARQ processes among both cases, which provides consistency among the HARQ-ACK codebooks being shared across slots and mini-slots as well.
[bookmark: _GoBack]AT&T further provides an proposal to support mini-slot transmission granularity with slot-based CORESET monitoring periodicity, as a starting point for Release 15. This would allow for further commonality between mini-slot support and slot-scheduled operation from UE perspective, while allowing the network more granularity from mini-slot transmission durations.

Additional views/comments are welcome below.
	Company
	Comment
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