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Introduction
During the last RAN4#94-e-bis meeting, WF R4-2005605 was approved with the following agreements:
	· UE
· FFS define performance requirements for NPDSCH with 2 HARQ processes (i.e., for Cat-NB2) and interleaved multi-TB scheduling
· Interested companies are encouraged to provide simulation results as per the simulation assumptions in slide#3, considering the test time and achievable SNR test point. 
· If performance improvements are observed as per the evaluations between the interleaved and continuous transmission, corresponding NPDSCH performance requirements definition can be considered
· FFS the detailed parameters and test applicability if RAN4 will define the test case.
· BS
· FFS define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling
· Interested companies are encouraged to provide simulation results as per the simulation assumptions in slide#4, considering the test time and achievable SNR test point.
· No need to introduce BS demodulation requirements for coexistence of NB-IoT and NR with symbol-level reservation



Further discussions are summarized in the following as per the submitted contributions.
Topic #1: NPDSCH performance requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007211
	Huawei, HiSilicon
	Observation: The gain of interleaving can reach 1.1dB when NSF=10, NRep=32.
Proposal 1: Define the performance requirements for NPDSCH with 2 HARQ processes (i.e., for Cat-NB2) and interleaved multi-TB scheduling
Proposal 2: Use Table 2 as the simulation assumptions for NPDSCH with interleaved multi-TB scheduling performance requirements definition.
Proposal 3:  UE has passed the NPDSCH performance requirements with interleaved transmission, the test cases defined in section 8.12.1.1.3 and 8.12.1.2.3 of TS 36.101 for NPDSCH with continuous transmission can be skipped.

	R4-2007212
	Huawei, HiSilicon
	Observation 1: Gain of interleaving depends on the duration of TB (NRU *NRep) and antenna configuration, the gain can reach up to 1.14dB with duration of 320ms. 
Observation 2: The gain with 1T2R is approximate 0.5dB lower than 1T1R.
Proposal 1: Define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling with the simulation assumptions in Table 3.

	R4-2007112
	Nokia, Nokia Shanghai Bell
	Proposal 1:No separate UE / BS demodulation requirements for NPDSCH / NPUSCH format 1 are required for interleaved multi-TB transmission.  

	R4-2007377
	Ericsson
	Observation: The performance gain of interleaved transmission over non-interleaved transmission is less than 0.5dB.
Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 WID of Rel-16 additional enhancement of NB-IoT
Issue 1-1-1: How to understand the following “Objective of Performance part WI” captured in WID RP-193224
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· Proposals
· Option 1: Specify necessary performance requirements figured out by RAN4 for the core requirements
· Option 2: No any performance requirements need to be defined for the defined core requirements
· Recommended WF
· TBA

Sub-topic 1-2 Test time
Issue 1-2-1: Whether the test time by using transmission duration of 320ms is feasible (such as Nsf=10, Nrep=32) (Depending on the conclusion for Issue 1-1-1)
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Issue 1-2-2: Whether the total transmission time will be prolonged for interleaved multi-TB compared to legacy continuous transmission with 2 HARQ processes (Depending on the conclusion for Issue 1-1-1)
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Sub-topic 1-3: Simulation assumptions
Issue 1-3-1: How to define the simulation parameters (Depending on the conclusion for Issue 1-1-1)
· Proposals
· Option 1: Reuse the existing test parameters with updated key parameters that will affect the performance gain of the new feature
· Option 2: Reuse all existing test parameters regardless of the performance gain of the new feature
· Recommended WF
· TBA

Sub-topic 1-4: How to evaluate the performance gain
Issue 1-4-1: Which SNR point is used to derive the performance gain (Depending on the conclusion for Issue 1-1-1)
· Proposals
· Option 1: Ideal SNR point
· Option 2: Impairment SNR point
· Recommended WF
· TBA

Sub-topic 1-5: Gain of interleaving
Issue 1-5-1: How much gain is feasible for the performance of interleaved transmission (Depending on the conclusion for Issue 1-1-1)
· Proposals
· Option 1: 0.5 dB
· Option 2: 1 dB
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Qualcomm
	Issue 1-1-1: In order for a test to be defined, two conditions need to be met: 1) different UE behavior that has not been tested before; 2) significant gain compared to behavior without the feature. If neither of these conditions are met, there is no need for new test regardless of what the WID says. Multi-TB scheduling satisfies neither of these options and hence no performance test is needed.

	Huawei
	Sub topic 1-1:  Support option 1. 
This is a general description for many WID for the performance part work. Our understanding is that it is RAN4’s responsibility to figure out the useful and typical scenario for the specific performance requirements definition as per core requirements defined by RAN1, we should not mix performance specifications with core specifications.
Sub topic 1-2:
Issue 1-2-1: Support option 1. 
We think some existing cases in TS 36.101 have longer test time. We copied it from TS36.101 in clause 8.12.1.1.2 as follows:
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For test number 2, the duration for 1 TB is 4*256=1024ms which is much longer than 320ms. We also find the test time of that case in TS 36.521-1:
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The test time is 5544 ms (about 1.53h) with transmission duration of 1024ms for one TB. We can derive that the test time is about 0.48h for transmission duration 320ms, it should be acceptable for real testing.
Considering that some existing cases in TS 36.101 have longer test time than the case with transmission duration of 320ms and actual test time is acceptable, we think it is feasible to use such configuration of Nsf=10, Nrep=32.
Issue 1-2-2: Support option 2. 
In order to judge whether the total transmission time will be prolonged for interleaved multi-TB compared to legacy continuous transmission with 2 HARQ processes. We take an example as following: 
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For case of single-TB, 340ms is needed for one TB transmission, 680ms will be needed for two TB transmission.
For case of Multi-TB with interleaving and continuous transmission, 662ms is needed for two TBs transmission.
Multi-TB with 2 HARQ transmission has higher transmission efficiency than that of single-TB for the same transmission data throughput.
Sub topic 1-3: 
Issue 1-3-1: Support option 2
Different features need different configurations for verification, specific and suitable test configurations should be selected to correctly verify one feature, we don’t think it is reasonable to reuse all existing test parameters regardless of feature types, otherwise RAN4 does not need to spend much time to discuss specific test configurations for enhanced features of all RAN4 WIs.
Sub topic 1-4: 
Issue 1-4-1: Support option 2
The impairment SNR point is used in the actual test. As can be seen from the curve of results, the gain with interleaving is increasing as SNR increases, i.e. larger gain can be observed for impairment SNR. RAN1 did lots of evaluations and discussion before introduction such feature, finally RAN1 agreed to introduce this feature by acknowledging the performance gain it can achieve.
Sub topic 1-5: 
Issue 1-5-1: Support option 1
The average of simulation results provided by HW and Ericsson shows that the gain is larger than 0.5dB. We think that it is feasible for the performance requirements definition.

	Ericsson
	Issue 1-1-1:
It is a tricky question. If we check several WIDs, some WIDs do not mention RAN4 is involved in the objective, but RAN4 performance part introduced the requirements without any such a discussion. Since there is no strict rule/format for WID, we can only say it is up to RAN4. 
It is not realistic to define UE/BS demodulation requirements covering all the features introduced by RAN1. Therefore RAN4 has chosen test cases depending on several reasons such as to show the performance gain, to verify the baseband processing (e.g., advanced receiver), or with operators’ request. For NB-IoT multi-TB transmission, our simulation results show minor performance difference and we don’t think any changes in the demodulation algorithm. 
Regarding NPUSCH format 1, we found there are no NPUSH format 1 requirements with two HARQ processes (corresponding to Category-NB2). We could think further whether to introduce NPUSCH format 1 requirements with multi-TB + 2 HARQ processes. 
Regarding NPDSCH, however, we have already defined Categoey-NB2 with two HARQ processes in Rel-14 although it is no repetitions. Our position is still no new requirements are needed because of small performance gain.  

	Nokia
	Issue 1-1-1:
We share the concerns raised by Qualcomm and Ericsson. Multi-TB scheduling does not require performance tests in RAN4, other features will require them. In our view, there is no rationale to specify performance / consider tests for corner cases (high TBS and high repetitions at the same time).  


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1-1：WID of Rel-16 additional enhancement of NB-IOT
	Issue 1-1-1: How to understand the following “Objective of Performance part WI” captured in WID RP-193224
Tentative agreements:
· Whether to define necessary performance requirements depends on RAN4 discussion based on the agreed core requirements
Recommendations for 2nd round:


	Sub-topic 1-2 Test time
	Issue 1-2-1: Whether the test time by using transmission duration of 320ms is feasible (such as Nsf=10, Nrep=32) (Depending on the conclusion for Issue 1-1-1)
Tentative agreements:
It is feasible to use transmission duration of 320ms (such as Nsf=10, Nrep=32) for NPDSCH performance test if corresponding requirements defined
Recommendations for 2nd round:

Issue 1-2-2: Whether the total transmission time will be prolonged for interleaved multi-TB compared to legacy continuous transmission with 2 HARQ processes
Tentative agreements:
The test time will not be affected for interleaved multi-TB compared to legacy continuous transmission with 2 HARQ processes
Recommendations for 2nd round:


	Sub topic 1-3: Simulation assumptions
	Issue 1-3-1: How to define the simulation parameters (Depending on the conclusion for Issue 1-1-1)
Tentative agreements:
The simulation assumptions can be used if NPDSCH performance requirements agreed to be defined:
	Parameter
	Value

	System bandwidth
	200 kHz

	Operation mode
	Stand alone

	Antenna configuration
	1T1R

	Channel model
	ETU 1Hz

	Frequency error
	0 Hz

	Timing error
	0μs

	Performance target
	SNR@70% of  maximum throughput

	NSF
	10

	Repetition number
	32

	Transmission mode
	Interleaved

	HARQ process
	2

	Carrier Type
	Non-anchor

	TB size
	1032

	Duplex mode
	HD-FDD/TDD



Recommendations for 2nd round:


	Sub topic 1-4: How to evaluate the performance gain
	Issue 1-4-1: Which SNR point is used to derive the performance gain (Depending on the conclusion for Issue 1-1-1)
Tentative agreements:
It is feasible to use impairment SNR point to derive the performance gain
Recommendations for 2nd round:


	Sub-topic 1-5: Gain of interleaving
	Issue 1-5-1: How much gain is feasible for the performance of interleaved transmission (Depending on the conclusion for Issue 1-1-1)
The gain of 0.5dB is feasible to define the performance requirements for NPDSCH with multi-TB interleaved transmission
Recommendations for 2nd round:


	Summary
	Recommendations for 2nd round:
Continue to discuss whether performance requirements for NPDSCH with interleaved transmission need to be defined based on the agreements on the Sub-topics 1-1 ~ 1-5.




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	[bookmark: _GoBack]WF on LTE UE and BS performance requirements for additional enhancements of NB-IoT 
	Huawei, HiSilicon



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: NPUSCH format 1 performance requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007211
	Huawei, HiSilicon
	Observation: The gain of interleaving can reach 1.1dB when NSF=10, NRep=32.
Proposal 1: Define the performance requirements for NPDSCH with 2 HARQ processes (i.e., for Cat-NB2) and interleaved multi-TB scheduling
Proposal 2: Use Table 2 as the simulation assumptions for NPDSCH with interleaved multi-TB scheduling performance requirements definition.
Proposal 3:  UE has passed the NPDSCH performance requirements with interleaved transmission, the test cases defined in section 8.12.1.1.3 and 8.12.1.2.3 of TS 36.101 for NPDSCH with continuous transmission can be skipped.

	R4-2007212
	Huawei, HiSilicon
	Observation 1: Gain of interleaving depends on the duration of TB (NRU *NRep) and antenna configuration, the gain can reach up to 1.14dB with duration of 320ms. 
Observation 2: The gain with 1T2R is approximate 0.5dB lower than 1T1R.
Proposal 1: Define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling with the simulation assumptions in Table 3.

	R4-2007112
	Nokia, Nokia Shanghai Bell
	Proposal 1:No separate UE / BS demodulation requirements for NPDSCH / NPUSCH format 1 are required for interleaved multi-TB transmission.  

	R4-2007377
	Ericsson
	Observation: The performance gain of interleaved transmission over non-interleaved transmission is less than 0.5dB.
Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 WID of Rel-16 additional enhancement of NB-IoT
Issue 2-1-1: How to understand the following “Objective of Performance part WI” captured in WID RP-193224
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· Proposals
· Option 1: Specify necessary performance requirements figured out by RAN4 for the core requirements
· Option 2: No any performance requirements need to be defined for the defined core requirements
· Recommended WF
· TBA

Sub-topic 2-2 Test time
Issue 2-2-1: Whether the test time by using transmission duration of 320ms is feasible (such as NRU=5, Nrep=64) (Depending on the conclusion for Issue 2-1-1)
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· TBA

Sub-topic 2-3: Simulation assumptions
Issue 2-3-1: How to define the simulation parameters (Depending on the conclusion for Issue 2-1-1)
· Proposals
· Option 1: Reuse the existing test parameters with updated key parameters that will affect the performance gain of the new feature
· Option 2: Reuse all existing test parameters regardless of the performance gain of the new feature
· Recommended WF
· TBA

Sub-topic 2-4: How to evaluate the performance gain
Issue 2-4-1: Which SNR point is used to derive the performance gain (Depending on the conclusion for Issue 2-1-1)
· Proposals
· Option 1: Ideal SNR point
· Option 2: Impairment SNR point
· Recommended WF
· TBA

Sub-topic 2-5: Gain of interleaving
Issue 2-5-1: How much gain is feasible for the performance of interleaved transmission (Depending on the conclusion for Issue 2-1-1)
· Proposals
· Option 1: 0.5 dB
· Option 2: 1 dB
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Huawei:
	Sub topic 1-1:  Support option 1. 
This is a general description for many WID for the performance part work. Our understanding is that it is RAN4’s responsibility to figure out the useful and typical scenario for the specific performance requirements definition as per core requirements defined by RAN1, we should not mix performance specifications with core specifications.
Sub topic 2-2: 
Issue 2-2-1: Support option 1.
Some companies consider that testing time is too long by using NRU =10, NRep =32, but it is noted that the testing time for cases with one allocated subcarrier in Rel-13 are much longer than the above case (e.g.  Table 8.5.1.1.1-1 in TS 36.104, repetition number: 64, listed as follows). 
Table 8.5.1.1.1-1: Minimum requirements for NPUSCH format 1, 200KHz Channel Bandwidth, 3.75KHz subcarrier spacing, 1Tx
	Number of TX antennas
	Number of RX antennas
	Subcarrier spacing
	Number of allocated subcarriers
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Repetition number
	Fraction of  maximum throughput
	SNR
[dB]

	1
	2
	3.75KHz
	1
	ETU 1Hz Low
	A16-1

	1
	70%
	-1.9

	
	
	
	
	
	
	16
	70%
	-9.2

	
	
	
	
	
	
	64
	70%
	-12.2



	Reference channel
	A16-1
	A16-2
	A16-3
	A16-4
	A16-5

	Subcarrier spacing (kHz)
	3.75
	15
	15
	15
	15

	Number of allocated subcarriers
	1
	1
	3
	6
	12

	Diversity
	No
	No
	No
	No
	No

	Modulation
	BPSK
	BPSK
	QPSK
	QPSK
	QPSK

	ITBS / IRU
	0 / 1
	0 / 1
	3 / 0
	7 / 0
	9 / 0

	Payload size (bits)
	32
	32
	40
	104
	136

	Allocated resource unit
	2
	2
	1
	1
	1

	Code rate (target)
	1/3
	1/3
	1/3
	1/3
	2/3

	Code rate (effective)

	0.29
	0.29
	0.22
	0.44
	0.56

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1

	Total number of bits per resource unit
	96
	96
	288
	288
	288

	Total symbols per resource unit
	96
	96
	144
	144
	144

	Channel estimation length (ms) Note 1
	16
	4
	4
	4
	2 (when repetition = 2)
4 (when repetition > 2)

	Note 1:	Channel estimation lengths are included in the table for information only.



As highlighted in yellow in the above table, the duration of one TB is 32ms * 64 * 2 = 4096ms which is much larger than 320ms. Therefore, we think that for uplink, 320ms duration of one TB is an acceptable range.
Sub topic 2-3: 
Issue 2-3-1: Support option 2
Different features need different configurations for verification, specific and suitable test configurations should be selected to correctly verify one feature, we don’t think it is reasonable to reuse all existing test parameters regardless of feature types, otherwise RAN4 does not need to spend much time to discuss specific test configurations for enhanced features of all RAN4 WIs.
Sub topic 2-4: 
Issue 2-4-1: Support option2, 
The impairment SNR point is used in the actual test. As can be seen from the curve of results, the gain with interleaving is increasing as SNR increases, i.e. larger gain can be observed for impairment SNR. RAN1 did lots of evaluations and discussion before introduction such feature, finally RAN1 agreed to introduce this feature by acknowledging the performance gain it can achieve.
Sub topic 2-5: 
Issue 2-5-1: Support option1. 
The simulation results provided by HW shows that the gain is larger than 1dB, so we think that it is feasible to define related performance requirements.

	Nokia
	Issue 2-1-1:
As for NPDSCH, multi-TB scheduling does not require performance tests in RAN4, other features will require them. In our view, there is no rationale to specify performance / consider tests for corner cases (high TBS and high repetitions at the same time). 


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#2-1：WID of Rel-16 additional enhancement of NB-IOT
	Issue 2-1-1: How to understand the following “Objective of Performance part WI” captured in WID RP-193224
Tentative agreements:
· Whether to define necessary performance requirements depends on RAN4 discussion based on the agreed core requirements
Recommendations for 2nd round:


	Sub-topic 2-2 Test time
	Issue 2-2-1: Whether the test time by using transmission duration of 320ms is feasible (such as NRU=5, Nrep=64) (Depending on the conclusion for Issue 2-1-1)
Tentative agreements:
It is feasible to use transmission duration of 320ms (such as NRU=10, Nrep=32) for NPUSCH format 1 performance test if NPUSCH performance requirements agreed to be defined
Recommendations for 2nd round:
  

	Sub topic 2-3: Simulation assumptions
	Issue 2-3-1: How to define the simulation parameters (Depending on the conclusion for Issue 2-1-1)
Tentative agreements:
The following simulation assumptions can be used for NPUSCH format 1 performance requirements definition if NPUSCH format 1 performance requirements agreed to be defined:
	Parameters
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	1T1R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	5

	Repetition number
	64

	HARQ process
	2

	Transmission mode
	Interleaved

	TB size
	424



Recommendations for 2nd round:


	Sub topic 2-4: How to evaluate the performance gain
	Issue 2-4-1: Which SNR point is used to derive the performance gain (Depending on the conclusion for Issue 2-1-1)
Tentative agreements:
It is feasible to use impairment SNR point to derive the performance gain
Recommendations for 2nd round:


	Sub-topic 2-5: Gain of interleaving
	Issue 2-5-1: How much gain is feasible for the performance of interleaved transmission (Depending on the conclusion for Issue 2-1-1)
The gain of 0.5dB is feasible to define the performance requirements for NPUSCH format 1 with multi-TB interleaved transmission performance requirements. 
Recommendations for 2nd round:


	Summary
	Tentative agreements:
Define NPUSCH format 1 performance requirements with multi-TB interleaved transmission by using the simulation assumptions summarized in sub-topics 2-1 ~ 2-5.




Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	Captured in WF assigned in section 1.4.1
	




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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- New values are introduced which depends on the length of last TB and ACK/NACK
resources.
o Existing values can also be used-
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For both interleaved and non-interleaved transmission, for 2TB scheduling, reuse legacy table, no
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42 Objective of Performance part WI.

Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-
‘mentioned enhancements and core requirements.




