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Introduction
From RAN1 NR AdHoc #2 meeting [1], the following agreement was made in terms of characterization of the UE processing time. 
Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

Furthermore, at the conclusion of the meeting there was email discussion [NRAH2-09] agreed to help converge upon the processing time requirements from UE perspective for NR, in response to the discussion in [2].
· Email discussion on the following
· Step 1: identify the candidate factors for processing time (until 4th Aug.)
· Step 2: identify the table (until 4th Aug.)
· Based on the proponents’ input for step 1 and step 2, following work will be done:
· Step 3: fill-in the table
· Targeting finishing step 3 until September meeting.
· Note: companies are encouraged to bring up initial numbers for the table to the August meeting
· Note: fill-in the table does not necessarily results in defining some UE capabilities or exact values of K1 and K2 in the specification.

This document is meant to capture feedback from companies to summarize into a final table for characterization. It is requested that the following questions be answered by Aug 1st so that reasonable time for convergence to a final table is possible by August 4th. 
Summary of Discussion
Candidate factors contributing to processing time (N1,N2) are provided below in Section 3.1, along with some detailed explanations on how they contribute, i.e., what design aspects may increase or decrease the processing time. In the following Section 3.2, these candidate factors were essentially further divided into two important and distinct sets
1. Factors for which Nominal assumptions are fixed for evaluation
2. Factors for which (N1,N2) values can be characterized given the baseline assumptions

Thus, the intended characterization (Step 3) would further proceed focusing on factors listed in 2 above, but subject to nominal assumptions for factors in 1 to help establish this evaluation. This leads to the following proposal.
Proposal: The candidate factors for (N1,N2) processing time characterization (Step 3) are given in Table 1. 
· Nominal assumptions should be provided for this characterization. Examples are provided Table 1
· Table 1 provides the simples set of candidate factors required for characterization. Other N1,N2 values based on additional candidate factors may be optionally provided. 
· It is understood that if nominal assumptions change, the (N1,N2) characterization can be revisited accordingly.

[bookmark: _Ref489979896][bookmark: _Ref489979879]Table 1. Candidate factors for UE processing time (N1,N2)
	
	N1
	N2

	Nominal assumptions1
	Single carrier / Single BWP / Single TRP
· Max TBS (or spectral efficiency) for 4-layer MIMO and 256-QAM
PDSCH
· 14-symbol slot-based scheduling
· Frequency-first RE-mapping, no time-interleaving of CBs across TB
PDCCH
· Same numerology / BWP as PDSCH
· PDSCH does not precede PDCCH
· Single grant monitored for PDSCH
· 20 blind decodes, single symbol
PUSCH/PUCCH 
· Short formats for HARQ-ACK
	Single carrier / Single BWP / Single TRP
· Max TBS (or spectral efficiency) for 2-layer and 64-QAM
PUSCH
· 14-symbol slot-based scheduling
· No time-interleaving of CBs across TB
PDCCH
· Same numerology / BWP as PUSCH
· Single grant monitored for PUSCH
· 20 blind decoding, single symbol
PUSCH
· DFTsOFDM and OFDM
· Front loaded DMRS for low latency

	Candidate factors 
	· SCS
· DMRS configuration
	· SCS
· RE-mapping (depending on specification)2 


1These are examples provided for illustration. Any nominal assumptions which differ from the list or otherwise are not included, can also be provided for context on the evaluation.
2Preferred RE-mappings may be specified in cases where decisions are pending.

Questions for Discussion
[bookmark: _Ref489979087]Identify candidate factors affecting processing times (N1,N2)
	Company
	Response

	Qualcomm
	Generally, many factors can contribute to the UE processing time (N1,N2). However, we would like to focus on those factors for which the UE processing time could be optimized through configurability. Therefore, at least the subcarrier spacing, DMRS pattern, and RE mapping should be considered as candidate factors.

	CATT
	The factors contributes to the UE processing time (N1, N2) are the system bandwidth, minimum UE bandwidth supported and UE capability in supporting wider bandwidth (signal processing capability).

	Panasonic
	We assume the discussion starts from non-CA case of FDD. In addition, control and data are the same numerology. In case of CA, the timing difference between carriers and timing/numerology difference have impact on the discussion. In case of TDD, switching time may be additionally required. When control and data numerology are different, some delay related with numerology change may or may not be required.
We share Qualcomm's view that  difference of the subcarrier spacing, DMRS pattern and RE mapping would be good start. To adding more factors from the beginning could be difficult to manage the discussion.
In the reality, bandwidth part is related to UE processing time. On the other hand, variable timing relation based on the bandwidth makes the system operation more complex. Therefore, similar to LTE, bandwidth independent definition on UE processing time (i.e. the possible worst case is taken into account) would be our current preference.
On DMRS pattern, even if DMRS pattern is "distributed" within a slot, if additional DMRS symbol in a slot is not used, the UE processing time would be same as "front-loaded" case. Therefore, it needs to clarify the assumption that distributed DMRS pattern means UE utilizes DMRS located in the latter part of a slot for the demodulation of earlier part of data symbol.
On RE mapping, we see two factors. The first factor is data mapping is "time-first and frequency latter" mapping or not. We don't describe layer domain here for the simplicity. As up to now, only such mapping is agreed, we can focus such mapping only for now. In later, if other mapping scheme is agreed, we can have separate discussion. The second factor for PDSCH is how many data symbols can be located before the end of PDCCH. Although there can be 3 OFDM symbol, 2 OFDM symbol, 1 OFDM symbol and zero OFDM case, to discuss each case separately requires large effort. Zero OFDM symbol case means data and control can start from the same OFDM symbol. In order to avoid large number of the combinations, 3 OFDM symbol case and zero OFDM symbol case could be the possibility.
What amount of the advanced receiver is taken into account has some influence on UE processing time. Our proposal is for front-loaded case DMRS, rather conventional receiver should be assumed in order to reduce the shorter processing time. For distributed DMRS, the possibility of advanced receiver should not be precluded.

	Huawei, HiSilicon
	There are many factors to contribute to processing time, e.g, RF and front end processing time, NR-PDCCH/PDSCH channel estimation and demodulation time, NR-PDCCH/PDSCH decoding time and NR-PUSCH encoding time, DCI content parser time, L2 processing time, L1 and L2 interaction time etc. Some of the factors are not changed in all the conditions while some are affected by different configurations. In order to help the progress, we would like to fix some configurations as prerequisite conditions and discuss the processing time with other key configurations, e.g, similar to QC, SCS, DM-RS position, PDSCH/PUSCH resource mapping.
Regarding the NR-PDCCH symbol number, the UE decodes the PDCCH and performs channel estimation on DMRS before PDSCH decoding. Given the same maximum TBS size, as long as the PDSCH starts later than PDCCH, the different OFDM numbers of PDCCH will not result in different N1 values.

	OPPO
	Factors for N1:
· Subcarrier spacing;
· If number of blind decoding enables instantaneous PDCCH decoding;
· DMRS pattern;
· PDCCH  PDSCH beam switching time (if beam switching needed);
· If per-symbol  instantaneous decoding (UE can finish decoding for a OFDM symbol within a symbol duration) is supported: 
· PDSCH RE mapping (i.e. frequency-first vs time-first);
· CB  OFDM symbol mapping (i.e. if a CB mapped to a symbol, e.g. no time interleaving);
· CB size in a symbol (may be related to bandwidth, number of MIMO layers/CWs);
· DL assignment  PDSCH time difference (i.e. if PDSCH starts from the same symbol as PDCCH ends. We do not think the scenario should be considered for this analysis in which PDSCH starts before PDCCH ends.);

Factors for N2:
· Subcarrier spacing;
· If number of blind decoding enables instantaneous PDCCH decoding;
· Scheduling granularity (Slot-based vs Symbol-based);
· PUSCH beam switching time (if beam switching needed).


	MediaTek
	For N1, from our views, at least the following are the candidate factors affecting processing time.
· SCS & corresponding slot duration of the slot for PDSCH
· Slot/mini-slot size of NR-PDSCH (in number of OFDM symbols)
· It’s related to the maximal DL information bits for a UE to process, assuming the same DL peak data rate
· RE mapping (time or frequency first) of NR-PDSCH
· Frequency-first RE mapping can be assumed for NR-PDSCH
· DMRS pattern (front-loaded DMRS only vs. front-loaded DMRS plus additional DMRS)
· It impacts when UE can start NR-PDSCH decoding after the completion of channel estimation
· NR-PDCCH time duration (1, 2 or 3 OFDM symbols)
· It impacts when UE can start NR-PDCCH decoding if time-first mapping is applied to NR-PDCCH
· Total NR-PDCCH blind decoding complexity, considering the number of aggregated component carriers in CA
· It impacts when UE can start NR-PDSCH decoding
· Timing offset across component carriers in CA
· Single or multiple code blocks within a TB in NR-PDSCH & whether there is time-domain interleaving across code blocks in NR-PDSCH when there are multiple code blocks within a TB in NR-PDSCH
· Multiple code blocks within a TB & no time-domain interleaving across the code blocks allows UE to start the TB decoding before the end of NR-PDSCH
· NR-PUCCH/PUSCH time length for HARQ-ACK (1/2 OFDM symbols or more than 2 OFDM symbols)
· It mainly impacts K1 value, probably not N1
· Whether HARQ-ACK is piggybacked in NR-PUSCH
· HARQ-ACK processing may be impacted by the processing UL information bits & piggybacked CSI report
· Number of TRPs (single or multiple) for NR-PDSCH
· It’s related to PDCCH blind decoding complexity, channel estimation complexity, scheduled DL information bits within a slot
· The ratio of the scheduled DL information bits within a slot/mini-slot over maximal DL information bits within a slot based on the UE category
· UE DL data processing capability is designed targeting at DL peak data rate so it’s possible for a UE to process the scheduled DL information bits within a slot/mini-slot faster with the same hardware if the ratio is lower than 100%

For N2, from our views, at least the following are candidate factors affecting processing time.
· SCS & corresponding slot duration of the slot for NR-PUSCH
· Slot/mini-slot size of NR-PUSCH (in number of OFDM symbols)
· It’s related to the maximal UL information bits for a UE to process, assuming the same UL peak data rate
· RE mapping (time or frequency first) of NR-PUSCH
· Frequency-first RE mapping is more beneficial for latency while time-first RE mapping is more beneficial for performance
· NR-PDCCH time duration (1, 2 or 3 OFDM symbols)
· It impacts when UE can start NR-PDCCH decoding if time-first mapping is applied to NR-PDCCH
· Total NR-PDCCH blind decoding complexity, considering the number of aggregated component carriers in CA
· It impacts when UE can start NR-PUSCH encoding
· Timing offset across component carriers in CA
· Single or multiple code blocks within a TB in NR-PUSCH & whether there is time-domain interleaving across code blocks in NR-PUSCH when there are multiple code blocks within a TB in NR-PUSCH
· Multiple code blocks within a TB & no time-domain interleaving across the code blocks allows UE to continue the TB encoding after the start of NR-PUSCH
· Whether CSI reporting is piggybacked in NR-PUSCH; if yes, CSI reporting configuration including CSI-RS port number, CSI process number etc.
· If UL data rate matching around CSI reporting is applied, UE can’t start UL information bits encoding before obtaining exact number of REs for CSI reporting
· Whether HARQ-ACK for NR-PDSCH is piggybacked in NR-PUSCH
· If UL data rate matching around HARQ-ACK is applied, UE can’t start UL information bits encoding before obtaining exact number of REs for HARQ-ACK
· Number of TRPs (single or multiple) for NR-PUSCH
· It’s related to PDCCH blind decoding complexity, channel estimation complexity, scheduled UL information bits within a slot
· The ratio of the scheduled UL information bits within a slot/mini-slot over maximal UL information bits within a slot based on the UE category
· UE UL data processing capability is designed targeting at UL peak data rate so it’s possible for a UE to process the scheduled UL information bits within a slot/mini-slot faster with the same hardware if the ratio is lower than 100%

	Spreadtrum
	A basic set of factors that contribute to the UE processing time (N1, N2) on the parameter configuration include TB payload size, subcarrier spacing, DMRS pattern, CSI-RS pattern, RE mapping, and number of scheduled layers, etc..
Also, the UE capability on baseband and RF processing should be considered and at least include the following factors: 
· PDCCH blind detection and DCI parsing
· Aperiodic DL CSI calculation and UL reporting preparation
· High-order MIMO detection
· MAC processing of merging SDUs and SDU header to construct PUSCH
· RF processing time including warm-up and stabilization time
· Attainable UE parallel processing capability considering limited chip size and power consumption

	Samsung
	There are many factors that can contribute to the UE processing time (N1, N2). For example, subcarrier spacing, DMRS pattern, RE mapping, maximum TBS, bandwidth, DL/UL switching time, number of symbols per slot, number of layers, number of blind decodes, receiver type, etc. Among those factors, at least the subcarrier spacing, DMRS pattern, RE mapping, maximum TBS, duration for DL/UL switching time can be considered as candidate factors.

	Nokia
	Very large number of different aspects will impact the UE processing time. However, we don’t need to agree on a complete list, but only identify the ones that will be reflected in the specification as impacting the defined HARQ-ACK timeline in the DL (N1) and PUSCH transmission start in the UL (N2).
· SCS will be a factor as we have agreed that the timeline will be defined in terms of symbols
· RE-mapping (time/frequency first mapping)
· Potentially DMRS pattern configuration

Things like PDCCH blind detection or CSI calculation do obviously impact the UE processing time needs, but we don’t see these to be different for different configurations and thus should not be considered

	LG
	The factors which can contribute to the UE processing time (N1, N2) at least include the followings:
· Subcarrier spacing
· Bandwidth
· DMRS pattern for PDSCH
· RE mapping
· PDCCH time duration
· CSI reporting on PUSCH


	Sony
	The over-riding factor when considering N1 and N2 should be what is feasible in a reasonable complexity UE. Note: assuming that there is a single set of processing times N1, N2 defined, the “reasonable complexity” UE should be the lowest UE category for NR. 
Hence we agree with the approach taken by Huawei / HiSilicon and Spreadtrum when answering this question: RAN1 should be considering what happens in UE hardware and software. Detailed consideration of every RAN1 function is tangential when considering the big picture.
The following is thus a reasonable set of factors to consider: RF and front end processing time, NR-PDCCH/PDSCH channel estimation and demodulation time, NR-PDCCH/PDSCH decoding time and NR-PUSCH encoding time, DCI content parser time, L2 processing time, L1 and L2 interaction time etc.

	Intel 
	Several factors can affect the UE processing times (N1, N2), including, subcarrier spacing and slot duration, maximum channel bandwidth, maximum transport block size and maximum number of code blocks and the code rate, PDSCH DMRS pattern, resource mapping scheme (such as frequency-first vs time-first), PDCCH structure and blind decodes, relationship between last symbol of PDCCH and first symbol of PDSCH, number of layers, single or multi-TRP reception, number of aggregated carriers and CSI calculation.

	VIVO
	The factors which affect UE processing time include at least the following parameters 
· Maximum total number of information bits among transport blocks per slot across component carriers
· Slot duration and SCS
· number of CBs in a TB
· Location of demodulation reference signal
· Timing advance of the uplink transmission
· Guard period between downlink part and uplink part in a slot
· PDSCH/PUSCH start/end position
· RE mapping, e.g., time-first or frequency first mapping
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot



Identify which set of candidate factors should be considered when determining the UE processing times (N1,N2)

	Company
	Response

	Qualcomm
	We believe that (N1,N2) should be considered as a function of subcarrier spacing, DMRS pattern, and RE mapping.

	CATT
	The candidate factors are the minimum UE supporting BW (e.g., 20 MHz for LTE UE), subcarrier spacing, and UE capability in supporting wider bandwidth.  

	Panasonic
	Our current thinking of the DL candidate sets would be like following. 
(subcarrier spacing, DMRS pattern, RE mapping order, maximum number of data symbols before the end of control = the data buffering  symbols)
(15 kHz SCS, front-loaded, frequency-fist mapping, 3 OFDM symbols)
(15 kHz SCS, distributed, frequency-fist mapping, 3 OFDM symbols)
(15 kHz SCS, front-loaded, frequency-fist mapping, 0 OFDM symbols)
(15 kHz SCS, distributed, frequency-fist mapping, 0 OFDM symbols)
(30 kHz SCS, front-loaded, frequency-fist mapping, 3 OFDM symbols)
(30 kHz SCS, distributed, frequency-fist mapping, 3 OFDM symbols)
(30 kHz SCS, front-loaded, frequency-fist mapping, 0 OFDM symbols)
(30 kHz SCS, distributed, frequency-fist mapping, 0 OFDM symbols)
(60 kHz SCS, front-loaded, frequency-fist mapping, 0 OFDM symbols)
(120 kHz SCS, front-loaded, frequency-fist mapping, 0 OFDM symbols)
We currently don't see the need of distributed mapping of DMRS for 60 and 120 kHz SCS as slot length itself is short. We currently don't see the need of data symbols before the control for 60 and 120 kHz SCS. For 60 kHz SCS, the worst case between normal CP and extended CP is meant here.
For UL, our thinking is no need of the distinction of DMRS pattern, RE mapping order. There is no buffering. Therefore, only following cases could be candidate sets.
(subcarrier spacing)
(15 kHz SCS), (30 kHz SCS), (60 kHz SCS), (120 kHz SCS)

	Huawei, HiSilicon
	As we emphasized in 2.1, it is important to fix some configurations that affecting UE processing time as a prerequisite condition for further discussion. The proposed condition including:
· Single UL/DL BWP and define a maximum TBS ;
· Note that the max. TBS for a single BWP can be derived from the peak data rate of the corresponding UE category.
· PDCCH and PDSCH in the same BWP;
· UE monitors one DL assignment and one UL grant at a time;
· The first PDSCH symbol starts later than the last PDCCH symbol.
· Single TRP transmission
· Slot based scheduling. 
· NR-PUCCH only contains HARQ-ACK for the same carrier. 
· Front-loaded NR-PDCCH mapping.
With the above common assumption, every company would further propose the key varying factors for processing time from the same starting point.
From Huawei and HiSilicon perspective, the UE could report the supported processing time (N1,N2) for:
· Different SCS
· Front-loaded or additional DM-RS. 
· Frequency first or time first NR-PDSCH mapping. 
· Frequency first or time first NR-PUSCH mapping. 


	OPPO
	From our perspective at least 2 UE processing time sets for a frequency range can be identified in the analysis. A single minimum value cannot reflect the different NR UE capabilities and deployment scenarios. Meanwhile setting too many levels due to different combinations of factors may not help the final product development.
· Low-latency set: Assuming all low-latency features and configurations.
· Latency-tolerant set: Assuming some latency-tolerant features or configurations.
Note: Different values may be applied for the two sets for different frequency ranges (e.g. <6GHz or >6GHz). 
An example for the two sets is listed below:
Low-latency set:
· For N1:
· 30 or 60kHz SCS;
· Number of blind decoding for instantaneous PDCCH decoding;
· Front-loaded DMRS;
· Bandwidth and number of layers/CWs for per-symbol instantaneous PDSCH decoding;
· No PDCCH  PDSCH beam switching;
· Frequency-first mapping/no time-domain interleaving for CBG transmission;
· PDSCH starts from the same symbol as PDCCH ends.
· For N2:
· 30 or 60kHz SCS;
· Number of blind decoding for instantaneous PDCCH decoding;
· Symbol-based scheduling;
· No PUSCH beam switching.

Latency-tolerant set:
· For N1:
· 15kHz SCS;
· Number of blind decoding resulting in a [x] symbol PDCCH decoding latency;
· Distributed DMRS;
· PDCCH  PDSCH beam switching time;
· Bandwidth and number of layers/CWs resulting in a  [y]symbol PDSCH decoding latency;
· Frequency-first mapping/no time-domain interleaving for CBG transmission;
· PDSCH starts after the symbol PDCCH ends.
· For N2:
· 15kHz SCS;
· Number of blind decoding resulting in a [x] symbol PDCCH decoding latency;
· Slot-based scheduling;
· PUSCH beam switching time.


	MediaTek
	The candidate factors shown above can be divided into two categories for UE processing evaluation.
· Evaluation assumptions
· Without assumptions on some of candidate factors, it’s very difficult to give an estimation of UE processing time
· (N1, N2) values should be revisited if the agreed design or the applied scenario doesn’t align with the evaluation assumptions
· Candidate conditions for specification together with corresponding values of (K1, K2)
· (K1, K2) values are specified together with the corresponding conditions
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 if the specified corresponding conditions are not met

For the evaluation of N1 values, the following evaluation assumptions should be considered.
· Single component carrier is assumed
· Single-TRP operation is assumed
· Frequency-first RE mapping for NR-PDSCH is assumed
· 3 OFDM symbol NR-PDCCH time duration using time-first mapping is assumed
· Total NR-PDCCH blind decoding complexity is assumed to be 44 blind decoding candidates
· No time-domain interleaving across code blocks is assumed in the case of multiple code blocks within a TB in NR-PDSCH
· HARQ-ACK transmission in either NR-PUCCH & NR-PUSCH is assumed

We think that the following candidate conditions should be considered for the specification together with the corresponding values of K1.
· SCS & corresponding slot duration of NR-PDSCH
· Slot/mini-slot size of NR-PDSCH (in number of OFDM symbols)
· DMRS pattern (front-loaded DMRS only vs. front-loaded DMRS plus additional DMRS)
· NR-PUCCH/PUSCH time length for HARQ-ACK (1/2 OFDM symbols or more than 2 OFDM symbols)
· The ratio of the scheduled DL information bits within a slot/mini-slot over maximal DL information bits within a slot based on the UE category

For the evaluation of N2 values, the following evaluation assumptions should be considered.
· Single component carrier is assumed
· Single-TRP operation is assumed
· 3 OFDM symbol NR-PDCCH time duration using time-first mapping is assumed
· Total NR-PDCCH blind decoding complexity is assumed to be 44 blind decoding candidates
· No time-domain interleaving across code blocks is assumed in the case of multiple code blocks within a TB in NR-PUSCH
· Single CSI process reporting in NR-PUSCH is assumed

We think the following candidate conditions should be considered for the specification together with the corresponding values of K2.
· SCS & corresponding slot duration of NR-PUSCH
· Slot/mini-slot size of NR-PUSCH (in number of OFDM symbols)
· RE mapping (time or frequency first) of NR-PUSCH
· Potential UCI (e.g. HARQ-ACK, CSI) in NR-PUSCH, considering multiple CSI process number reporting
· The ratio of the scheduled UL information bits within a slot/mini-slot over maximal UL information bits within a slot based on the UE category

	Spreadtrum
	A basic set of factors that contribute to the UE processing time (N1, N2) on the parameter configuration include TB payload size, subcarrier spacing, DMRS pattern, CSI-RS pattern, RE mapping, and number of scheduled layers, etc..
Also, the UE capability on baseband and RF processing should be considered and at least include the following factors: 
· PDCCH blind detection and DCI parsing
· Aperiodic DL CSI calculation and UL reporting preparation
· High-order MIMO detection
· MAC processing of merging SDUs and SDU header to construct PUSCH
· RF processing time including warm-up and stabilization time
· Attainable UE parallel processing capability considering limited chip size and power consumption

	Samsung
	Assuming that maximum TBS for peak rate, BW, number of PDCCH symbols, number of carriers, number of BDs and some other parameters/condition are given, subcarrier spacing, DMRS pattern including position (e.g. 3rd or 4th symbol for slot-based scheduling), RE mapping would be considered as basic candidate factors. For TDD, gap duration for DL/UL switching time should also be considered in the processing time.

	Nokia
	Similar to Qualcomm, we believe that the N1, N2 should be a function of the SCS and RE-mapping potentially with PDSCH DMRS pattern.

	LG
	For a given (e.g. maximum) TBS, the set of candidate factors contributing to the UE processing time (N1, N2) can be considered as the followings:
· N combinations of subcarrier spacing and bandwidth (FFS on the N combinations )
· 2 types of DMRS pattern for PDSCH (front-loaded DMRS only, with additional DMRS)
· 2 types of RE mapping (frequency-first mapping, time-first mapping)
· 3 types of PDCCH time duration (1 symbol, 2 symbols, 3 symbols)
· 2 cases for CSI reporting on PUSCH (with CSI reporting, without CSI reporting)


	Sony
	As per our answer to 2.1, over-riding factor when considering N1 and N2 should be what is feasible in a reasonable complexity UE. The lists of factors suggested by Huawei / HiSilicon and Spreadtrum are appropriate.
We are not convinced that a practical scheduler would adapt its scheduling based on detailed capability signalling of N1, N2 for different network configurations. Unless network vendors are going to implement these advanced adaptable schedulers, from a UE vendor perspective, we would err on the side of a single set of N1, N2. 

	Intel
	In principle all factors listed in 2.1 should be considered in determining UE processing times. However, to make the effort tractable, a smaller set of candidate factors can be identified - subcarrier spacing, DMRS pattern and resource mapping scheme, while also taking into account the remaining factors via certain common assumptions including maximum channel bandwidth, slot duration, maximum transport block size and maximum number of code blocks and the code rate, PDCCH structure and blind decodes, relationship between last symbol of PDCCH and first symbol of PDSCH, number of layers, single or multi-TRP reception, number of aggregated carriers, and CSI calculation.

	VIVO 
	The candidate factors when determining the UE processing times N1 are considered as follows,
· Slot duration and SCS
· Location of PDSCH demodulation reference signal
· PDSCH RE mapping
· Maximum total number of information bits among transport blocks per slot across component carriers
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot

The candidate factors when determining the UE processing times N2 are considered as follows,
· Slot duration and SCS
· Maximum total number of information bits among transport blocks per slot across component carriers
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot





Summary 
(The summary table will be included here once above questions are completed, and this will be used for completing Step 3.)
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