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Introduction
From the previous RAN1 AdHoc #3 meeting, the following agreements were made regarding UE processing time.
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

In this contribution, we provide additional considerations toward converging the final HARQ timing values to be supported in NR specification. For completeness, the tables referenced in the agreements are shown below. Table 1 corresponds to the same Table 1 of R1-1716865, while the two sets of UE capabilities are given in Table 2 and Table 3, respectively corresponding to Table 4 and Table 5 from R1-1716865.
Table 1. Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 4-layer MIMO and 256-QAM
· Up to 3300 active subcarriers2
PDCCH
· Same numerology / BWP as PDSCH
· Single grant monitored for PDSCH
· 44 blind decodes, single symbol CORESET
PDSCH
· PDSCH does not precede PDCCH
· 14-symbol slot-based scheduling
· Frequency-first RE-mapping, no time-interleaving of CBs across TB
PUCCH 
· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP
· Full range of MCS and multi-layer support up to the 2-layer MIMO and 64-QAM
· Up to 3300 active subcarriers
PDCCH
· Same numerology / BWP as PUSCH
· Single grant monitored for PUSCH
· 44 blind decoding, single symbol CORESET
PUSCH
· 14-symbol slot-based scheduling
· No time-interleaving of CBs across TB 
· DFTsOFDM or OFDM
· Front loaded DMRS for low latency4
· No UCI multiplexing

	Candidate factors 
	· SCS
· DMRS configuration3
· [Percentage of peak rate]
· [RE-mapping1]
	· SCS
· RE-mapping (depending on specification)1 
· [Percentage of peak rate]



1Preferred RE-mappings may be specified in cases where decisions are pending.
2Some consideration can also be given to N1 when the 3300 active subcarriers are achieved with carrier aggregation. 
3Front loaded and distributed patterns are assumed. For front loaded, the 3rd and 4th symbols have DMRS. 
4N2 is measured from the start of DMRS (since front-loaded assumption is made). One DMRS is TDM with PUSCH.

Table 2. UE Processing Time and HARQ Timing (Capability #1)
	DMRS for CE
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

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

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

	Frequency First
	N2
	Symbols
	[9]
	[11]
	[17]
	[31]



Table 3. UE Processing Time and HARQ Timing (Capability #2)
	DMRS for CE
	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
	[11.5]
	[11.5]

	Frequency First
	N2
	Symbols
	[2.5]
	[2.5]




Operating Conditions
The above Table 1 captured a large set of operating conditions under which most UEs would be typically using. In particular, this would allow the timing relations in Table 2 to establish the baseline latency from the UE perspective.
One important aspect to finalizing this table and the UE capabilities for (N1,N2) is to understand if the table can be further expanded to capture an even larger set of operating conditions without significantly degrading the offered (N1,N2) values in Table 2 and Table 3. This is discussed in more detail later in this section.
Another important aspect to finalizing this table is to determine whether such a table becomes sufficient in describing all operating conditions of the UE, or whether a default timing relation should still be included to capture those exceptions and make clear what the UE’s expected timing behavior should be.
Further Considerations on Nominal assumptions
Table 1 captures a large range of MCS and layer mappings, as well as full blind decoding on PDCCH. The CORESET configuration nominally assumed is more limited in scope, and it may be better to extended this for the application of Table 2 and 3. This can similarly be applied to support for more PUCCH formats, as well as support for carrier aggregation and SUL. 
Proposal 1: The set of operating conditions in Table 1 should be further considered to support a larger scope with regarding to the following aspects listed below. (Note: values in Tables 2 & 3 may also change accordingly, although the goal would be to provide larger scope without relaxing the processing time significantly.)
· PUCCH formats
· CORESET configurations
· Carrier aggregation

Note that for certain PUCCH formats which carry channel state information, there may be some relationship also to the CSI reporting framework which impacts the timeline, such as [2], [3]. Ideally, these should also be taken into account when increasing the scope above.
Moreover, given the support for scalable numerologies in NR, it is important to consider how mixed numerology may affect the set of operating conditions, and how much the timing relations in Table 2 & 3 can still be maintained in light of these affects. For instance, in the case of N1 on Table 2, perhaps the PUCCH formats of different numerologies can still be supported within the stated N1 (in this case, we assume N1 is in terms of the downlink numerology of PDCCH/PDSCH). 
Proposal 2: Further considerations on the set of operating conditions of Table 1 for the (N1,N2) processing times in Table 2 & 3 should be given with regard to mixed numerology support in NR.
Finally, it would seem beneficial to tradeoff hardware for peak rate or very low latency. However, the this may introduce further complexity both at the network scheduler and even possibly at the UE when dealing with these dynamically, if the low processing times were associated with a percentage of the peak rate achievable by the UE. Therefore, we choose to only focus on the processing times which are needed to support the highest spectral efficiency.
Proposal 3: UE processing time capability (N1,N2) should not depend on the allocated number of RBs in relation to the peak rate supported by the device, at least in Release 15.
Default Processing Times
Even if the set of operating conditions of Table 1 are further increased, there may be some cases which arise but are not covered by this set. Such case could be considered a error condition or condition of a-typical operating, for which there could be no specific UE defined behaviour (or timing relation). Alternatively, a default processing time could be defined in specification for which the UE must support outside of its defined capability. The latter could be useful in ensuring all modes of operation are guaranteed UE response, without sacrificing the (N1,N2) processing times of Tables 2 & 3 achieved under the operating conditions of Table 1.
Proposal 4: Consider whether a default processing time should be defined for (N1,N2) to apply to any operating conditions not covered by the UE capability.

Indication of Capability
One important open item left from previous agreement was the mechanism on how the UE capability would be reported:
· FFS detailed signalling of UE capability based on (N1, N2) or (K1, K2)

Generally, it is clearer for UE implementation to understand how much processing time is needed independent of timing advance and slot structure. This is particularly beneficial given the flexibility in transmission durations of different channels which are supported in NR. See for example the two processing time requirements shown in Figure 1. It can be seen that a processing time indicated in symbols provides clear guidance to the UE, whereas an indication of processing time on the unit of slots can be ambiguous, requiring further details of the physical layer channels within each slot to completely understanding the processing time requirements on the UE.

[image: ]
Figure 1. Same slot and cross-slot ACK with different UE processing time requirements

Additionally, the timing advance illustration in Figure 2 shows how a nominal gap in integer number of symbols from the gNB perspective may not directly translate to the same processing time requirement on the UE. But, if the (N1,N2) processing times were instead known, then the gNB could schedule the HARQ timing accordingly given it is also controlling the timing advance.


Figure 2. Example of UE processing time and guard time relationship in TDD

Proposal 5: UE capability for processing time should be signaled to the network in terms of symbols (N1,N2), instead of slots (K1,K2). If the network at slot n schedules a UE response for some slot n+K, along with some physical layer channel or timing advance configuration, which exceeds the (N1,N2) capability of the UE, the UE is not required to respond.
Proposal 6: A UE may selectively indicate one capability for one configuration in Table 2 while indicating another capability for a different configuration in Table 3. That is, the capabilities defined in Table 3 do not need to apply to all operating conditions for a given UE.
[bookmark: _Ref378529477]Number of HARQ Processes
In light of the progress on UE processing time, there is reasonable optimization which can translate to lower latency and more compact HARQ procedures in NR. It is important to allow this to be reflected also in a reduction in the number of HARQ processes, so that benefits in UE processing time can be accompanied with benefits in reduced latency overall and reduced buffering requirements across all HARQ processes (in the worst case).
Proposal 7: The maximum number of HARQ processes in NR specification is 8.
Conclusions
Proposal 1: The set of operating conditions in Table 1 should be further considered to support a larger scope regarding to the following aspects listed below. (Note: values in Tables 2 & 3 may also change accordingly, although the goal would be to provide larger scope without relaxing the current processing times significantly.)
· PUCCH formats
· CORESET configurations
· Carrier aggregation

Proposal 2: Further considerations on the set of operating conditions of Table 1 for the (N1,N2) processing times in Table 2 & 3 should be given with regard to mixed numerology support in NR.
Proposal 3: UE processing time capability (N1,N2) should not depend on the allocated number of RBs in relation to the peak rate supported by the device, at least in Release 15.
Proposal 4: Consider whether a default processing time should be defined for (N1,N2) to apply to any operating conditions not covered by the UE capability.
Proposal 5: UE capability for processing time should be signaled to the network in terms of symbols (N1,N2), instead of slots (K1,K2). If the network at slot n schedules a UE response for some slot n+K, along with some physical layer channel or timing advance configuration, which exceeds the (N1,N2) capability of the UE, the UE is not required to respond.
Proposal 6: A UE may selectively indicate one capability for one configuration in Table 2 while indicating another capability for a different configuration in Table 3. That is, the capabilities defined in Table 3 do not need to apply to all operating conditions for a given UE.
Proposal 7: The maximum number of HARQ processes in NR specification is 8.
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