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Introduction
During the last RAN4#94e meeting, WF R4-2002425 was approved with the following agreements:
	· UE
· Whether to introduce NPDSCH performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No
· BS
· Whether to introduce NPUSCH format 1 performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No
· Whether to introduce NPUSCH format 1 performance for coexistence of NB-IoT and NR
· Option 1: No 
· Option 2: Evaluate the performance for case of symbol-level reservation including the DMRS symbols



Further discussions are summarized in the following based on the above agreements in this meeting. 
Topic #1: NPDSCH and NPUSCH performance requirements
Companies’ contributions summary
	T-doc number
	Title
	Company
	Proposals / Observations

	R4-2003704
	Discussion on NPDSCH performance requirements for additional enhancements for NB-IOT
	Huawei, HiSilicon
	Proposal 1: Verify the performance of NPDSCH for multi-TB with interleaving. 
Proposal 2:  Use Table 2 as the final simulation parameters, both TDD and FDD mode should be tested.

	R4-2003705
	Discussion on NPUSCH performance requirements for additional enhancements for NB-IOT
	Huawei, HiSilicon
	Proposal 1: Define NPUSCH performance requirements with two HARQ processes and two interleaved TBs transmission. 
Proposal 2: No need to define the performance requirements for coexistence of NPUSCH format1 and NR.
Proposal 3: Use Table 3 as the simulation parameters.

	R4-2004021
	Open issues on UE/BS demodulation requirements for Rel-16 NB-IoT
	Ericsson
	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.
Observation: Network should be able to schedule the symbol-/slot-level reservation to minimize the performance degradation due to the drop of DMRS/NPUSCH symbols.
Proposal 3: RAN4 does not define new NPUSCH format 1 performance for coexistence of NB-IoT and NR.

	R4-2004074
	UE and BS demodulation requirements for NB_IOTenh3
	Nokia, Nokia Shanghai Bell
	Observation 1: For multi-TB scheduling, the performance benefit can be reasoned by increased time diversity of the radio channel rather than refinements to PHY layer reception.
Proposal 1: No separate UE / BS demodulation requirements for NPDSCH / NPUSCH format 1 are required for multi-TB scheduling.
Observation 2: For symbol-level resource reservation including DMRS, no significant performance impact is expected, as eNB has means for mitigation and furthermore there is an increased channel coherence time for stationary or low speed moving NB-IoT devices.
Proposal 2: No separate BS demodulation requirements for NPUSCH format 1 are required for coexistence of NB-IoT with NR.



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: NPDSCH performance requirements
Open issues and candidate options before e-meeting:
· Whether to introduce NPDSCH performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No

Issue 1-1: Whether to define NPDSCH performance requirements for multi-TB with interleaving
· Proposals
· Option 1: Yes (Huawei)
· Option 2: No (Ericsson, Nokia)
· Recommended WF
· TBA

Sub-topic 1-2: NPUSCH format 1 performance requirements
Open issues and candidate options before e-meeting:
· Whether to introduce NPUSCH format 1 performance requirements with multi-TB scheduling.
· Option 1: Yes
· Option 2: No
· Whether to introduce NPUSCH format 1 performance for coexistence of NB-IoT and NR
· Option 1: No 
· Option 2: Evaluate the performance for case of symbol-level reservation including the DMRS symbols

Issue 1-2-1: Whether to define NPUCH format 1 performance requirements with 2HARQ processes and interleaved multi-TB
· Proposals
· Option 1: Yes (Huawei)
· Option 2: No (Ericsson, Nokia)
· Recommended WF
· TBA

Issue 1-2-2: Whether to define NPUSCH format 1 performance requirements for coexistence of NB-IoT and NR with symbol-level reservation including the DMRS
· Proposals
· Option 1: Yes ()
· Option 2: No (Ericsson, Nokia, Huawei)
· Recommended WF
· Not define NPUSH format 1 performance requirements for coexistence of NB-IoT and NR.

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

	Qualcomm
	Sub topic 1-1: 
Issue 1-1:
We support option 2 (no new test). What HW has shown in their paper is simply the gain of time diversity which does not necessitate the need for a new test since no new UE behavior is expected. How many more meetings do we need to spend on this? For the past 3 meetings, HW has been the only company favoring this test and everyone else is against it. 
Sub topic 1-2:
Issue 1-2-1:
Issue 1-2-2:

	Ericsson
	Sub topic 1-1: 
Issue 1-1: Option 2. As we discussed in eMTC, R4-2004020, we don’t observe the performance difference between single TB transmission and interleaved 4 TB transmissions. Since NB-IoT NPDSCH support up to 2 TB transmissions, we don’t expect performance difference between single TB transmission and multi-TB transmission with the current RAN4 test. Therefore RAN4 does not need to define new NPDSCH demodulation requirements for multi-TB transmission. 

Sub topic 1-2:
Issue 1-2-1: Option 2. Like Issue 1-1, NPUSCH format 1 supports up to 2 TB transmissions. Also RAN4 uses very slow fading channel such as ETU 1Hz. With this condition, we don’t expect performance difference between single TB transmission and multi-TB transmission. Therefore RAN4 does not need to define new NPUSCH format 1 demodulation requirements for multi-TB transmission.
Issue 1-2-2: Option 2. Support the recommended WF.

	Samsung
	Sub topic 1-2:
Issue 1-2-1:
We prefer to option 2 not to define the NPUSCH format 1 performance requirements
As mentioned in our contribution in R4-2000312. Multi-TB with interleaving is eNB configured feature. Up to 2 TB scheduling is supported, the diversity gain is limited.
LTE NB-IoT has already supported similar non-continuously transmission, with postponed operation in case overlapping resource reserved or UL gap  in case of  large number of repetition.
RAN1#84bis agreements:
Post adhoc#2 email agreements:
· Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
· During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization
For any NPUSCH transmission with duration greater than X ms, a final UL gap of duration Y is inserted at the end of the NPUSCH transmission:
This is RAN1 feature in Rel-13 about UL gap, when the repetition of NPUSCH transmission is very large, there is gap between NPUSCH transmissions.
In that sense, UE cannot support continues transmission. Therefore, the demodulation requirement can be verified existing requirement with valid-subframe configuration in FDD and UL-DL configuration in TDD
Regarding the 2TB scheduling, Each TB has the individual HARQ process. From the BS receiver processing perspective, each TB should be similar performance. Meanwhile,  In Rel-14, NPUSCH can support 2 HARQ process as following agreement
RAN1#87 agreements:
Introduce the {2 HARQ + [1352] bits DL TBS, [1800] bits UL TBS and no change to any Rel-13 specification for NPUSCH}
There is no buffer issue for 2TB with interlaced scheduling. 
Meanwhile, the gain of interlaced TB Scheduling depends on the number of scheduled TB. Since only 2TB scheduling, the gain is limited, especially the typical scenario of NB-IOT is targeting with low mobility. In this situation, the time diversity gain can be replaced with frequency hopping or configured with large number of repetition, from the typical network scheduling perspective.

Issue 1-2-2:
We are fine with option 2 and recommended WF  not define NPUSCH format 1 performance requirement for coexistence of NB-IoT and NR

	Huawei
	Sub topic 1-1: 
Issue 1-1:
We support option 1.
To Qualcomm: 
How to understand: ”Simply the gain of time diversity which does not necessitate the need for a new test since no new UE behavior is expected”?  Assuming that it is only the gain of time diversity as you said, why so many performance requirements of cases with different repetition number were defined in Rel-14? Following your logic, RAN4 only needs to define one performance requirement with one repetition number and other cases with other repetition numbers reuse the requirement. 
3GPP is contribution driven, from Huawei’s point of view, we think that it is necessary to define new test case, but Qualcomm has different view, it is the general reason that 3GPP has so many meetings to provide chances that company can share different views. If any company does not care about this issue, it should not be pushed to do anything.
To Ericsson: 
We don’t think that RAN4 “expect” or just theoretically justify the performance gain, the evaluation results by simulations are more persuading and obvious. From our simulation, the performance gain can reach 1.06 dB with not large repetition number 32 considering the maximum repetition number1024.
We share your simulation results in R4-2004020 for eMTC that there is no performance gain based on the assumptions of a TB occupying a single subframe and 16 repetition that are totally different from NB-IOT, while NB-IOT supports scheduling of up to 10 sub-frames and larger repetition than eMTC. It is natural and obvious that we should not compare two results with completely different assumptions.
Sub topic 1-2: 
Issue 1-2-1:
We support option 1.
 To Samsung: 
For the opinion: “Up to 2 TB scheduling is supported, the diversity gain is limited.” While the performance gain can reach 1.28 dB with 10 sub-frames scheduled and 32 repetitions, we don’t think such big performance gain can be ignored, especially larger performance gain can be achieved with increased repetition number.
Here we want to emphasize that we are discussing the performance gain achieved by using the multi-TB with interleaving, if company argues that similar performance gain can be achieved by using other features such as postponed operation, UL gap, valid-subframe configuration and TDD UL-DL configuration and so on, we would like to know if these features can be replaced with each other, maybe it is not necessary to define those “duplicated” features by core specification. Also if company think that similar performance gain as those features listed above, it means we can reuse the performance requirements for those features for interleaving and just not define new requirements?
For the opinion: “In this situation, the time diversity gain can be replaced with frequency hopping or configured with large number of repetition, from the typical network scheduling perspective.” 
Frequency hopping can only obtain frequency diversity gain but not time diversity gain. Large number of repetition can increase test complexity and test cost, sometimes, larger repetition can cause large delay, and it cannot be used in any scenarios. 
RAN4 never defined performance requirements for NPUSCH with 2 HARQ process in previous release, with support of 2 HARQ processes and scheduled multi-TB with interleaving, corresponding NPUSCH performance requirements should be verified to ensure the related performance.
 

	Nokia
	Issue 1-1: We support option 2. As mentioned in our contribution, the gain, observed for large TBS, is due to time diversity of the channel and not due to receiver changes. This is the same observation as for eMTC. Thus, no new NPDSCH demodulation requirements for the multi-TB interleaved case are required.
Issue 1-2-1: We support option 2 with the same reasoning as for DL. Thus, no new NPUSCH demodulation requirements for the multi-TB interleaved case are required.
Issue 1-2-2: We support option 2 and the recommended WF.


 
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 

	Issue 1-1: Whether to define NPDSCH performance requirements for multi-TB with interleaving

	Tentative agreements: 
FFS to define NPDSCH performance requirements for multi-TB with interleaving
Recommendations for 2nd round:
Considering still diverse views on this issue, and only one company provided evaluations, moderator would like to encourage company to provide simulation results for 2nd round or next meeting based on the following simulation assumptions, then we can decide it based on the evaluation results:
	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, continuous

	HARQ process
	2





	Issue#1-2-1: Whether to define NPUCH format 1 performance requirements with 2HARQ processes and interleaved multi-TB
	Tentative agreements:
FFS to define NPUSCH format 1 performance requirements with 2 HARQ processes and interleaved multi-TB
Recommendations for 2nd round: 
Considering still diverse views on this issue, and only one company provided evaluations, moderator would like to encourage company to provide simulation results for 2nd round or next meeting based on the following simulation assumptions, then we can decide it based on the evaluation results:
	Parameter
	Value

	Number of tones
	12

	SCS
	15kHz

	Antenna configuration
	2T1R

	Channel model
	ETU 1Hz

	Frequency error
	0Hz

	Timing error
	0μs

	Performance target
	SNR@ 70% of maximum throughput

	NRU
	10

	Repetition number
	32

	HARQ process
	2

	Transmission mode
	Interleaved, continuous





	Issue 1-2-2: Whether to define NPUSCH format 1 performance requirements for coexistence of NB-IoT and NR with symbol-level reservation including the DMRS
	Tentative agreements:
Not define NPUSCH format 1 performance requirements for coexistence of NB-IoT and NR with symbol-level reservation including the DMRS

Recommendations for 2nd round:
No 2nd round discussion needed



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

	#1
	Way forward on LTE UE and BS performance requirements for additional enhancements for 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)
Open issues 
Issue 1-1: Whether to define NPDSCH performance requirements for multi-TB with interleaving



Issue 1-2-1: Whether to define NPUCH format 1 performance requirements with 2HARQ processes and interleaved multi-TB

	Company
	Comments

	
	



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”



