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1. [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1]. Self-Evaluation will provide the performance towards all the ITU-R IMT-2020 requirements as defined in Report ITU-R M.2410 [2]. High-level assessment methods for these evaluation characteristics are given in § 6 of Report ITU-R M.2412 [3]. In this contribution, evaluation methodologies for self evaluation are further discussed, including feature updates and proposed evaluation methodology on evaluation of spectrum efficiency, reliability, peak data rate, CP/UP latency, energy efficiency and link budget.
2. Evaluation on spectrum efficiency
2.1 PRB bundling for FR2 
[bookmark: OLE_LINK192][bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK209]In TS38.214, PRB bundling is defined and the UE assumes the same precoding is applied for the downlink contiguous allocated of PRBs in the PRB bundling. Due to the assumption that same precoding is used in the PRB bundler, the bandwidth of the PRB bundler should be not larger than the correlation bandwidth. In [6], the assumption parameter of PRB bundling size for FR2 is provided, which is “4PRB, or allocated PRB”. The SCS for FR2 evaluation are also provided in [6], which are 60KHz and 120KHz. According to these parameters, the bandwidths of the PRB bundler are 2.8MHz with 60KHz SCS and 5.6MHz with 120KHz SCS. On the other hand, according to the channel model parameters of InH and UMa in [3], the correlation bandwidths are approximate 7.8MHz and 0.7MHz, respectively. Obviously, the 4 PRB bundling is too large for UMa to use the same precoding. So we propose the PRB bundling size is up to 4 for FR2, i.e. when bundled PRB is larger than coherent bandwidth, companies can select fewer PRB for bundling or no bundling. The corresponding description in the corresponding TR should be modified as the following Table 1.
Table 1 NR parameters for DL TDD evaluation (FR2)
	DL TDD – FR2 
	NR 

	MIMO
	PRB bundling
	Up to 4PRB, or allocated PRB; 
(It impacts DMRS channel estimation, but does not limit the scheduling unit.) 


[bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK212]
[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Proposal 1: The PRB bundling size is up to 4 for FR2, and the corresponding description can refer to the description in Table 1.
2.2 Scaling factor for larger BW
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]At RAN1#92 and RAN1#92bis meeting, detailed technical parameters for system level simulation for both FR1 and FR2, TDD and FDD, UL and DL were discussed and agreed. Wherein, considering number of RBs, if larger number of RBs can be considered to reflect the benefit of reduced guard band ratio for larger BW, a scalar can be applied to spectral efficiency results, SE’=SE×(1-gb(NRB))/(1-gb(NRB0)); where gb(N) is the guard band ratio at given number of RB, N. The scalar is applied for all eMBB scenarios and both DL and UL in FR1. However there is an issue when scaling factor is applied to UL cell edge users which are coverage-limited, i.e., UE using the maximum transmit power. 
If available RBs are increasing by reduced guard band ratio for larger BW, cell edge UE using the maximum transmission power can’t be allocated to more RBs or more scheduled opportunities which are limited by transmission power. It means that cell edge UE using the maximum transmission power can’t use scaling factor to scale spectral efficiency (SE). 
As an example, configurations with typical available RBs are simulated to test SE performance. The assumptions include FDD for RMA UL, BS element with (8,4,2,1,1), and BS TxRu with (1,4,2,1,1), UE element and TxRu with (1,1,1,1,1), other simulation assumptions are aligned with companion contributions [21]. Meanwhile, different power control parameters are simulated respectively. (0.7,-71) means that power control factor alpha =0.8. -71 is path loss in dB. The simulation results are shown as following table.
Table 2 Gain of 100RBs over 50RBs for coverage-limited case (uplink)
	BW
	Power control
	Cell avg. SE
	Cell edge SE
	Cell avg. SE
	Cell edge SE

	100RBs
	（0.8,-71）
	4.20 
	0.068 
	3%
	-48%

	
	（0.8,-76）
	4.17 
	0.0867 
	2%
	-44%

	
	（0.8,-80）
	4.10 
	0.101 
	3%
	-46%

	50RBs
	（0.8,-71）
	4.07 
	0.131 
	 --
	 --

	
	（0.8,-76）
	4.07 
	0.155 
	 --
	 --

	
	（0.8,-80）
	3.99 
	0.187 
	 --
	 --



It is observed from results, 
· For UE without the maximum transmission power, e.g., cell average UEs, more RBs can be allocated to these UEs and improve user throughput. SE has a little improvement due to frequency diversity with more bandwidth.
· For UE with the maximum transmission power, e.g., cell edge UEs, there are not more RBs to be used so that cell edge SE with 100RBs is reduced almost half than that of cell edge UE with 50RBs.
For other cases, e.g., indoor hotspot, dense urban, small ISD is assumed and coverage is not a problem so as that opportunity of UE using the maximum power is obviously lower than coverage-limit case in cell edge. Even though, it does not mean scaling factor can reflect the performance accurately.
Proposal 2: Scaling factor for larger number of available RBs cannot be applied to UL cell edge spectral efficiency to reflect the benefit of reduced guard band ratio for larger BW for at least coverage-limit case, e.g., RMA.
2.3 Modeling for UL power back-off 
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]In RAN#92bis meeting, it discussed PAPR backoff module for UL OFDM based waveform. There are two primary issues on MPR model which are FR2 MPR value and non-continuous RB allocation. A reference is provided by [10] regarding to preliminary PAPR model for non-continuous RBs allocation. 
MPR model and value will be decided by RAN4. In last RAN4#86bis meeting, only A-MPR model is discussed during meeting and no conclusion is achieved. Considering R15 timeline, it is difficult to finish non-continuous MPR model and value definition. So we further studied simplied PAPR model and MPR value for non-continuous RB allocation for ITU self-evaluation. 
Based on model in [19], we further studied MPR model and value using simplied method with different complexity for non-continuous RB allocation:
· Based on outer MPR ratio referred to [19].
· It could be observed the ratio of RB location away from each edge to total allocated RB. 
· If allocated RB is on outer area
· If ratio is smaller than X%, MPR of outer RB allocation could be used.  
· Else, MPR+ α could be used.
· X=80%,α=1;
· If allocated RB is on inner area
· Inner MPR value could be used to non-continuous RB allocation.
It is noted that this is a reference for ITU self-evaluation only before RAN4 agreement is achieved. The MPR values for continuous RB allocation and non-continuous RB allocation for self evaluation are summarized as below. 
[bookmark: OLE_LINK15]Table 3 CP-OFDM MPR value using continuous RB allocation [20] 
	Continuous RB allocation, outer, MPR
	Continuous RB allocation, inner, MPR

	QPSK
	16 QAM
	 64 QAM
	256 QAM
	QPSK
	16 QAM
	64 QAM
	256 QAM

	≤3
	≤3
	≤3.5
	≤6.5
	≤1.5
	≤2
	≤3.5
	≤6.5

	
	
	
	
	
	
	
	

	≤1.5
	≤2
	
	
	
	
	
	


[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Table 4 CP-OFDM MPR value using non-continuous RB allocation 
	　
	Non-continuous RB allocation, outer, MPR
	Non-continuous RB allocation, inner, MPR

	Modulation
	QPSK
	16 QAM
	 64 QAM
	256 QAM
	QPSK
	16 QAM
	64 QAM
	256 QAM

	outer RB ratio
	<0.8
	≤3
	≤3
	≤3.5
	≤6.5
	≤1.5
	≤2
	≤3.5
	≤6.5

	
	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]≥0.8
	≤4
	≤4
	≤4.5
	≤7.5
	
	
	
	


[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Furthermore, preliminary simulation results are also provided in the following table. It is assumed that under RMA , Bs antenna element  (8,4,2,1,1), and Bs TxRu is (1,4,2,1,1); UE antenna element and TxRu is (1,1,2,1,1); other simulation assumptions are aligned with those in companion contribution[x].
Table 5 Preliminary SE performance considering the proposed MPR model 
	　
	Cell average SE(bps/Hz)
	Cell edge SE(bps/Hz)
	Cell average SE Loss 
	Cell edge SE Loss 

	wo.PAPR backoff (reference)
	7.10
	0.247
	0%
	0%

	w.PAPR backoff 
	6.82
	0.204
	-4%
	-17%



Observation 1: with PAPR backoff, UL with OFDM waveform can fulfill the ITU requirement
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Proposal 3: simplified model (Table 4) as above could be used for ITU self-evaluation purpose before RAN4 detailed agreements are achieved.
3. [bookmark: OLE_LINK37][bookmark: OLE_LINK38]Evaluation on reliability in URLLC
3.1 Pre-processing SINR
For mobility and reliability evaluations, both system level simulation and link level simulation are needed. A pre-processing SINR is obtained according to system level simulation and it will be used in link level simulation to achieve final evaluation results [3]. In the last meeting, it is agreed for Evaluation on Mobility that:
For SU-MIMO, pre-processing SINR is used (Section 2.1.1 in [5] can be used for reference). For MU-MIMO, further study whether pre/post-processing SINR can be used. The channel estimation impact in the case of post-processing SINR needs to be developed in system-level.
Considering similarity between evaluations on mobility and reliability, and properties of channel fast fading will be reflected in link level simulation for transmission signal, pre-processing SINR can also be applied to reliability, at least for the case of SU-MIMO.
[bookmark: OLE_LINK206]Proposal 4: The same pre-processing SINR method is applied to evaluation on reliability.
3.2 Technique features for evaluation of reliability
According to [2], the minimum requirement for the reliability is 1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment. Considering that the final success probability is strongly related to slot/non-slot structure and transmission schemes (e.g. with or without retransmission, maximum retransmission times allowed) used in LLS, to define a set of feasible slot/non-slot structure and transmission schemes satisfying the 1 ms latency limitation shall be the preliminary step to conduct further LLS simulation and final reliability determination. 
According to [7][8] and meeting discussions, it is supported that there is slot-based repetition for PDSCH/PUSCH while new CQI table will have entries corresponding to BLER target 10-5, i.e. introduction of the lowest spectrum efficiency entry, to reach high reliability. From latency perspective, non-slot transmission for all relative physical channels including PDCCH, PDSCH, PUCCH, PUSCH, grant free and UL/DL configuration (including self-contain for fast HARQ) are supported to reduce UP latency. It is reasonable to evaluate the following:
Proposal 5: Evaluation of reliability include the following features
Slot based (combination by one or more):
· Slot-based transmission with PDSCH/PUSCH repetition
· UL/DL configuration (to be reported by companies)
· Slot aggregation
· Uplink grant free
· PUCCH repetition
· Link adaptation
Non-slot based (combination by one or more):
· Non-slot based transmission with one PDSCH/PUSCH transmission
· UL/DL configuration (to be reported by companies)
· Uplink grant free
· Link adaptation
Some detailed parameters which are not yet included in M.2412 [3] can be further defined. It will be good to keep aligned with the parameters defined under FR1 for system level simulation, e.g. 15KHz, 30KHz as SCS and keep flexibility to report some parameters as in system level simulation agreement, e.g. the number of antenna, DL/UL configuration.
Corresponding to the features supported by company to evaluate reliability, the successful probability and UP latency will be calculated based on all participated DL physical channels by each channel link level simulation, including:
Proposal 6: link level simulations include the following physical channels:
DL – PDCCH, PDSCH, PUCCH ( when there is link adaptation - HARQ)
UL – SR (when there is not grant free), PDCCH(when there is not grant free or when there is link adaptation - HARQ), PUSCH
It will take the number of transmission of the above channels into account for successful probability and latency calculation.
4. KPI by Analytical evaluation methodologies 
2 
3 
4 
4.1. Peak data rate
In Report ITU-R M.2410 [2], the peak data rate and peak spectral efficiency are defined. Also in Report ITU-R M.2412[3], more detailed evaluation methodologies are defined. In the companion contribution [17], evaluation details and preliminary results are provided. 
Considering features and supported performance of the FR1 and FR2 are different, the overhead from physical channel and physical reference signal should be considered seperately. Meanwhile, there is one UE which is expected to experience good channel environment in peak spectrum/peak data rate evaluation so that the overhead will be different from that to spectrum efficiency evaluation. Overhead calculation can be referred to [17] which includes SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL. Also ratio of overhead depends on bandwidth of a component carrier, which needs to be considered.
Proposal 7: Overhead for peak data rate/spectrum efficiency
· The overhead of FR1 and FR2 should be considered separately.
· The overhead for peak data rate/peak spectrum efficiency should be different from those used for spectrum efficiency
· Including SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL
· Considering differences using different component carrier(bandwidth); for FR1, 20M/50M/100M need to be evaluated, and for FR2, all supported bandwidth should be evaluated
· [17] as a reference
Proposal 8: Key parameters needed for peak data rate/peak spectrum efficiency
	Parameters
	Values
	Remarks

	

	DL
FR1：8
FR2：6
UL:  4
	DL:
NR supports up to 8 layers for a single user for DL
FR2: when PTRS is transmitted, DMRS only supports up to 6.
UL:
NR supports up to 4 layers for a single user for DL

	

	8
	NR supports up to 256QAM for DL and UL

	f
	1 
	Scaling factor

	

	0.9258
	
NR supports highest coding rate as=948/1024.


                                
4.2. Control Plane latency 
[bookmark: _GoBack]According to [2], Control Plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state). The ITU-R target for control plane (CP) latency in IMT2020 for NR has been set to 20ms. Since the UE in inactive mode, the UE and the gNB keeps the context of the CN, so less latency is needed to transits to connected mode compared with from idle mode to connected mode as the signaling with CN is reduced, that is what we mainly consider in the companion contribution [18]. In [18], detailed evaluation methodology and preliminary evaluation results are provided. Proposals for evaluation methodology are summarized as below:
Proposal 8: One of evaluated preamble format is Format B1 and UL/DL configuration should be reported by companies
Proposal 9: Processing delay in step 5 should follow the agreed delay time in RAN1; Processing delay in step 3 should follow the agreed delay time in RAN4 while before Δ in 38.133 is agreed, PUSCH preparation time can be assumed for simplicity
Proposal 10: L2 and RRC in step 7 and 9 processing delay follows RAN2’s decision, which should be lower than those for LTE
Proposal 11: There should be the same principle to average waiting time for transmission slot alignment as that in UP latency calculation
4.3. User Plane latency 
According to [2], requirement of user plane latency has been defined. The minimum requirement for user plane latency is 4ms for eMBB and 1ms for URLLC. 
Evaluation procedure and preliminary evaluation results of NR user plane latency are provided in [9].The proposals for detailed evaluation methodologies on User Plane latency are summarized as below:
Proposal 12: For DL user plane latency evaluation, 2/4/7-os mini-slot for PDSCH mapping type B and 3/4/7/14-os mini-slot/slot for type A can be evaluated. For UL user plane latency evaluation, 2/4/7/14-os mini-slot/slot for PUSCH mapping type B and 4/7/14-os mini-slot/slot for type A can be evaluated.
Proposal 13: Assuming gNB processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time[3], and gNB processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time[3] in self evaluation. 
Proposal 14: Waiting time for timing alignment delay is to average all arrival cases (also considering starting time) with the number of symbols to align Tx/Rx timing.
Proposal 15: The supported SCS can be evaluated and reported by companies.
It is observed that PDSCH/PUSCH mapping type B can help reduce user plane latency more than type A for non-slot transmission case. 
4.4. Energy Efficiency 
Energy efficiency is discussed and initially evaluation considerations in the companion contribution [23]. The detailed evaluation methodologies needs to discuss further to reflect the current features supported in 3GPP.
5. Link budget 
According to the requirement of submission from proponents of IMT-2020 RI/SRIT, information on the link budget should be provided according to templates [11] for each test environment in the target set of test environments defined in [3]. Detailed evaluation methodology and parameter entry discussions and proposals for link budget are provided in [12]. 
Considering more complex channel models are introduced for IMT-2020 evaluation than for IMT-advanced, some important issues need to be dealt with for shadow fading margin and penetration margin.Shadow fading margin can be calculated by path loss model slope, shadow fading standard deviation (SD), and target area coverage reliability (ACR). However, referring to channel models defined in [3] for different test scenarios, the following issues need to be considered when applying path loss model slope:
Issue 1: In the case of LOS, for Uma_A, Uma_B, Rma_A, Rma_B, path loss is selected from PL1 and PL2 according to the relationship of d2D and dBreakpoint respectively according to its path loss model. If d2D≤dBreakpoint, PL1 is used and otherwise PL2 is selected. Hence, two path loss slopes are possible no matter which channel model is applied. 
Issue 2: In the case of LOS O2I, for Dense Urban-eMBB, the breakpoint distance dBreakpoint is uncertain and its value depends UE height and efficient environment height, denoted as hUT and hE respectively, where hUT and hE are random distributed due to UE vertical distribution. 
Issue 3: In the case of LOS, for Rma_A and Rma_B, the path loss model PL1 for d2D≤dBreakpoint  cannot simply be expressed as “a*log(d)+b” due to the existence of linear component d
Issue 4: In the case of NLOS, for InH_B, InH_A when>6GHz, Uma_A, Uma_B and Rma_B, the path loss is expressed as the maximum of two path loss values: PLNLOS = max(PLLOS, PL’NLOS). Thus, it is not sure the final path loss slope is the slope of PLLOS or PL’NLOS.
Detailed discussions for Issue 1 to Issue 4 and options to deal with these issues are provided in [13].
As for penetration margin calculation, the margin of car penetration is obvious. However, for building penetration loss modeled as “PLtw + PLin + N(0, σP2)”, the following issues are to be considered.
Issue 5: PLin is related with UE indoor 2D distance (denoted as d2D-in), while d2D-in is a random variable.
Issue 6: For channel model B provided in [3], 80% low loss and 20% high loss UEs are considered for Dense Urban-eMBB and Urban Macro-mMTC scenarios. Then the PLtw is uncertain for this case.
Detailed discussions for Issue 5 and Issue 6 and options to deal with these issues are provided in [14].
Proposal 16: For link budget evalution, Issue 1-4 and Issue 5-6 need to be dealt with for shadow fading margin and penetration margin respectively and solution can be referred to the proposals in [12][13][14]
6. Conclusion
In this contribution, evaluation methodologies for self evaluation are further discussed. Proposals are provided as following:
· Evaluation on spectrum efficiency
Proposal 1: The PRB bundling size is up to 4 for FR2, and the corresponding description can refer to the description in Table 1.
Proposal 2: Scaling factor for larger number of available RBs cannot be applied to UL cell edge spectral efficiency to reflect the benefit of reduced guard band ratio for larger BW for at least coverage-limit case, e.g., RMA.
Observation 1: with PAPR backoff, UL with OFDM waveform can fulfill the ITU requirement
Proposal 3: simplified model (Table 4) as above could be used for ITU self-evaluation purpose before RAN4 detailed agreements are achieved.
· Evaluation on reliability in URLLC
Proposal 4: The same pre-processing SINR method is applied to evaluation on reliability.
Proposal 5: Evaluation of reliability include the following features
Slot based (combination by one or more):
· Slot-based transmission with PDSCH/PUSCH repetition
· UL/DL configuration (to be reported by companies)
· Slot aggregation
· Uplink grant free
· PUCCH repetition
· Link adaptation
Non-slot based (combination by one or more):
· Non-slot based transmission with one PDSCH/PUSCH transmission
· UL/DL configuration (to be reported by companies)
· Uplink grant free
· Link adaptation
Proposal 6: link level simulations include the following physical channels:
· DL – PDCCH, PDSCH, PUCCH ( when there is link adaptation - HARQ)
· UL – SR (when there is not grant free), PDCCH(when there is not grant free or when there is link adaptation - HARQ), PUSCH
· KPI by analytical evaluation methodologies
Proposal 7: Overhead for peak data rate/spectrum efficiency
· The overhead of FR1 and FR2 should be considered separately.
· The overhead for peak data rate/peak spectrum efficiency should be different from those used for spectrum efficiency
· Including SSB, TRS, PDCCH, DMRS, CSI-RS, CSI-IM and PTRS for DL and SRS, PUCCH, DMRS and PTRS for UL
· Considering differences using different component carrier(bandwidth); for FR1, 20M/50M/100M need to be evaluated, and for FR2, all supported bandwidth should be evaluated
· [17] as a reference
Proposal 8: Key parameters needed for peak data rate/peak spectrum efficiency
	Parameters
	Values
	Remarks

	

	DL
FR1：8
FR2：6
UL:  4
	DL:
NR supports up to 8 layers for a single user for DL
FR2: when PTRS is transmitted, DMRS only supports up to 6.
UL:
NR supports up to 4 layers for a single user for DL

	

	8
	NR supports up to 256QAM for DL and UL

	f
	1 
	Scaling factor

	

	0.9258
	
NR supports highest coding rate as=948/1024.


                                
Proposal 8: One of evaluated preamble format is Format B1 and UL/DL configuration should be reported by companies
Proposal 9: Processing delay in step 5 should follow the agreed delay time in RAN1; Processing delay in step 3 should follow the agreed delay time in RAN4 while before Δ in 38.133 is agreed, PUSCH preparation time can be assumed for simplicity
Proposal 10: L2 and RRC in step 7 and 9 processing delay follows RAN2’s decision, which should be lower than those for LTE
Proposal 11: There should be the same principle to average waiting time for transmission slot alignment as that in UP latency calculation
Proposal 12: For DL user plane latency evaluation, 2/4/7-os mini-slot for PDSCH mapping type B and 3/4/7/14-os mini-slot/slot for type A can be evaluated. For UL user plane latency evaluation, 2/4/7/14-os mini-slot/slot for PUSCH mapping type B and 4/7/14-os mini-slot/slot for type A can be evaluated.
Proposal 13: Assuming gNB processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time[3], and gNB processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time[3] in self evaluation. 
Proposal 14: Waiting time for timing alignment delay is to average all arrival cases (also considering starting time) with the number of symbols to align Tx/Rx timing.
Proposal 15: The supported SCS can be evaluated and reported by companies.
· Link budget
Proposal 16: For link budget evalution, Issue 1-4 and Issue 5-6 need to be dealt with for shadow fading margin and penetration margin respectively and solution can be referred to the proposals in [12][13][14]
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