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1. [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]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]. During the meeting gap between RAN1#93 and RAN1#94, views on a number of issues on evaluation methodologies were exchanged. While from the discussions, there are still some remaining issues which may need to be solved in this meeting. In this contribution, some of remaining issues for self-evaluation are further discussed, including TDD UL/DL configuration in evaluations, Guard Period applied in Evaluation, CP latency, UP latency, overhead issues, Peak data rate, Energy Efficiency and link budget.
2. Discussion
2.1 TDD UL/DL configuration in evaluations
There are two categories of KPIs related to TDD UL/DL configuration applied to evaluation: Spectrum Efficiency (including average and 5%) and Peak data rate/Peak spectrum efficiency.
· Spectrum Efficiency
In the previous meeting, it was concluded that companies can report the UL/DL configuration applied to their evaluation and there is not limitation to UL/DL configuration. While, it is noted that UL/DL configuration is not only related to overhead calculation because it also impacts latency to HARQ and CSI feedback which leads to different performance. As evaluated from CATT, there are not much differences as following results in Table.1 so that it is proposed to keep the current method and for submission, it is possible to average all of those results or list the results as a range no matter which UL/DL configurations applied. 
Table.1 Comparison between UL/DL configuration DSUUD and DDDSU
	[bookmark: _Hlk521507259]Test environment
	[bookmark: OLE_LINK103][bookmark: OLE_LINK105]TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs
	[bookmark: OLE_LINK376]Configuration DSUUD
	Configuration DDDSU

	
	
	SEavg (bit/s /Hz/TRxP)
	SEuser 
(bit/s/Hz)
	SEavg (bit/s /Hz/TRxP)
	SEuser 
(bit/s/Hz)

	[bookmark: OLE_LINK36][bookmark: OLE_LINK39][bookmark: _Hlk521054871][bookmark: _Hlk521487332]InH 12 TRxPs Config. A, 
TDD
15KHz
	16T/2R, (2,4,2,1,1;2,4)
	9.58
	0.32
	9.39
	0.30

	
	32T/4R, (4,4,2,1,1;4,4)
	13.56
	0.50
	13.32
	0.47



· Peak data rate/Peak spectrum efficiency
Which UL/DL configuration should be applied to peak data rate/peak spectrum efficiency were not discussed in the previous meeting while some proposals appeared in input contribution to RAN1 and email discussion in RAN ad hoc reflector. It would be simple to apply the same UL/DL configuration as applied to evaluation on Spectrum Efficiency and reported by companies while there are two issues:
1. Performance on peak data rate will be changed much according to different UL/DL configuration which will be hard to average those results.
If in case that there will be a number of results corresponding to different UL/DL configuration, proper UL/DL configurations can be picked up for submission and there should not be any average among different UL/DL configurations.
2. There could be some UL/DL configuration which cannot meet the requirement even the most supported bandwidth is applied. 
[bookmark: _GoBack]Example 1. UL/DL configuration of DSUUD which can fulfill both UL and DL performance requirements
	Duplexing
(DSUUD)
	SCS(kHz)
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	DL
	FR1
	30
	100
	2.70
	16
	1600
	43.14
	20

	
	
	60
	100
	2.65
	16
	1600
	42.41
	

	UL
	FR1
	30
	100
	1.16
	16
	1600
	18.62
	10

	
	
	60
	100
	1.15
	16
	1600
	18.42
	



Example 2. UL/DL configuration of DDDSU which cannot fulfill the UL performance requirements
	Duplexing
(DDDSU)
	SCS(kHz)
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Number of CC
	Total bandwidth (MHz)
	Aggregated peak data rate (Gbit/s)
	Req. (Gbit/s)

	DL
	FR1
	30
	100
	3.07
	16
	1600
	49.12
	20

	
	
	60
	100
	3.02
	16
	1600
	48.32
	

	UL
	FR1
	30
	100
	0.58
	16
	1600
	9.28
	10

	
	
	60
	100
	0.57
	16
	1600
	9.12
	



Such kind of configuration should be avoided.
Proposal 1. Results from different UL/DL configuration for Spectrum Efficiency can be summarized together by average or by listing the results value range; results from different UL/DL configurations for Peak data rate should be summarized separately and only configurations which can fulfill the requirements can be chosen for submission.
2.2 Guard Period applied in Evaluation
Also there are two categories of KPIs to be discussed: Spectrum Efficiency (including average and 5%) and Peak data rate/Peak spectrum efficiency.
In 4G evaluation (LTE-advanced), there was not GP counted in those evaluations. But it is noted that there were not peak data rate evaluated. For peak data rate, since it is reflected as data bits transferred during 1s, GP must be counted into time. The calculation formula is as following:

     (1)
Wherein
· J is the number of aggregated component carriers in a band or band combination
· 
 is the maximum code rate, 948/1024
· [bookmark: OLE_LINK511][bookmark: OLE_LINK512]For the j-th CC,
· 
is the maximum number of layers 
· 
is the maximum modulation order
· 
is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· 
is signalled per band and per band per band combination as per UE capability signaling
· 
is the numerology (as defined in TS38.211)
· 



 is the average OFDM symbol duration in a subframe for numerology, i.e. , and is the duration of one slot.
· 

 is the maximum RB allocation with numerology .
· 

 is the number of DL symbols,  is the number of GP.

is the number of RE occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc.
However, for spectrum efficiency and peak spectrum efficiency, it is doubted that whether GP should be counted or not since spectrum efficiency is data bits transferred on the effective bandwidth and GP does not participant any transmission. This is also one of the reasons that in 4G evaluation, it was not counted in even when guard band is considered. When GP is not counted, the calculation formula is as following:

     (2)
By this formula, peak data rate is always peak spectrum efficiency multiplied by bandwidth as defined by ITU[2].
During the email discussion, one company proposed to consider GP in DL only as overhead because guard band is actually also calculated as overhead no matter for FDD or TDD. By this way, the calculation formula is as following: 

(3)
However by this way, peak spectrum efficiency will be changed because of different spectial subframe configurations and peak data rate will be peak spectrum efficiency multiplied by effective bandwidth which was not defined in ITU. Also even when GP is counted as overhead for peak spectrum efficiency, it is quite confused that is applied to DL only. The most contribution from GP is to UL transmission. 
Observation 1. There is not any impact to Peak data rate results no matter there is GP or not counted in spectrum efficiency 
Proposal 2. There are two options for GP in spectrum efficiency:
Option 1. No GP counted in spectrum efficiency and peak spectrum efficiency. The calculation formula for peak data rate and peak spectrum efficiency are referred to (1) (2)
Option 2. GP is counted in spectrum efficiency and peak spectrum efficiency and its overhead is half-half to DL and UL. The calculation formula for peak data rate and peak spectrum efficiency are referred to (1) (3)
2.3 Remaining issues in evaluation of CP latency
There are a couple of issues which need further discussion after view collection from email reflection.
· Latency at step 3 includes preamble detection and preparation of RA response. 
This process is more like UE detecting PDCCH (DCI for transmission/retransmission) and preparing PUSCH (re)transmission compared with the processing for detecting PDCCH and PDSCH. Although the number of preamble per RO is larger than the number of blind decoding, considering gNB has higher processing capability, it is assumed that latency at step 3 equals to UE PUSCH preparation time Tproc,2（assuming d2,1=0）.
During email discussion, it also mentioned RAN4 used to discuss the processing time at gNB for study on HARQ number in test cases. It should be noted that since it was for HARQ number discussion where waiting time corresponding to UL/DL configuration is also considered. But in this CP latency discussion, waiting time is discussed separately. The option 2 in [4] is similar as the proposal in this contribution. 
· Latency at step 9 representing processing delay in UE of RRC Connection Resume including grant reception
It seems no consensus on the value but most of companies would like to reduce the value. For UL, 5ms is proposed and for DL, it could be even shorter.
· Results representing method
The results are related to the preamble format, the length of slot/non-slot,,UL/DL configuration and data mapping type and subcarrier spacing.  
Different preamble format have different preamble duration and different occasions which was defined in TS 38.211, we evaluate both long and short preamble. Long preamble: Format 0 (start from symbol 0); Short preamble: for simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration). This simplified method is more like to average the effect of different formats with the same PRACH duration. 
After step 3,5,7,9, the end time could be in the middle of a specific slot. Step 4 and step 8 only can be transmitted at DL slot, step 6 only can be transmitted at UL slot. So the waiting time must be considered which is associated with slot structure, data mapping type, preamble format and the lenghth of slot/non-slot. Waiting time is time during between the end of the certain step in current slot and the first available symbol at next available slot/non-slot (symbol #0 for normal slot, symbol #X for special slot). 
The duration of preamble format0 is 1ms and the SCS of PUSCH /PDSCH is 15kHz. Short preamble can be applied to both FR1 and FR2, and the SCS of PUSCH/PDSCH can be 15/30/60/120 kHz. 
The average value of the results of multiple occasions was provided under certain preamble duration and subcarrier spacing and data mapping type and one length of slot/non-slot.
Proposal 3. Tproc,2（assuming d2,1=0）is assumed for step 3 at gNB and 5ms is applied to step 9.
Proposal 4. Both long and short preamble should be considered in the evaluation where long preamble : Format 0 (start from symbol 0);short preamble: Ffr simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration)
Proposal 5. Both average and best methods can be applied to represent results while the latency should be counted case by case
2.4 Remaining issues in evaluation of UP latency 
There are a couple of issues which need further discussion after view collection from email reflection.
· PDSCH and PUSCH processing time
The UE PDSCH and PUSCH processing procedure time (denoted as Tproc,1 and Tproc,2) are defined in section 5.3 and 6.4 of TS38.214 [11] respectively. For Tproc,1, assume HARQ-ACK is transmitted on PUCCH, i.e. d1,1=0; d1,2 should be selected according to resource mapping type and UE capability. If overlapping symbols of PDSCH and PDCCH need to be considered, it is assumed there is 1 symbol overlapping, i.e. d=1. N1=the value with “No additional PDSCH DM-RS configured” in Table 5.3-1 and Table 5.3-2 of TS38.214 [11] for UE capability 1 and UE capability 2 respectively. For Tproc,2, assume d2,1= d2,2= d2,3=0. N2=the value with “No additional PDSCH DM-RS configured” in Table 6.4-1 and Table 6.4-2 of TS38.214 [11] for UE capability 1 and UE capability 2 respectively.
Proposal 6. UE PDSCH processing time equals to Tproc,1 with d1,1=0 and d1,2 selected according to resource mapping type and UE capability defined in section 5.3 of TS38.214 [11]; PUSCH processing time equals to Tproc,2　with d2,1= d2,2= d2,3=0 as defined in Section 6.4 of TS38.214 [11].
For BS processing time, for evaluation simplicity, it is assumed the processing time at BS side is equal to the corresponding processing time at UE side in the following evaluation, i.e. processing time to prepare DL data (re)transmission plus NACK receiving processing delay (when there is HARQ assumed) at BS is equal to the time to prepare UL data (re)transmission plus receiving schedule for retransmission (when there is HARQ assumed) and vice versa. In practice, the processing time at BS side could be less than that at UE side, which can be further discussed for self-evaluation. Also for calculation, processing on data channel (Tx or Rx) is assumed equal to the rest processing time, e.g. preparation of NACK.
Proposal 7. Assuming BS processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time, and BS processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time in self-evaluation.
· PDCCH/PUCCH occasions
PDCCH/PUCCH occasions will directly impact waiting time. For simplification and latency reduction, we have the following proposal:
Proposal 8. Assume PDCCH and PUCCH occasion occur at every OFDM symbol. And 1 symbol PDCCH and 1 symbol PUCCH are considered.
· UP latency calculation method
It is much more complicated in NR to summarize the UP latency since there are different types of data channel transmission, start symbol occasion, UE processing capabilities and etc. It is possible to average all occasions by simplified way while it cannot reach very accurate results. So one straightforward method is to count the latency from any possible data arrival case considering PDCCH monitoring occasion and also PDSCH slot/non-slot length case by case. Under those, average value can be reached in a certain UL/DL configuration, one type of data channel transmission and one length of slot/non-slot. Also it is easy to pick up the best case from those cases. The evaluation in this contribution provides both results.
Proposal 9. Two options are proposed for UP latency calculation:
Under FDD or a certain TDD UL/DL configuration, a certain type of data channel transmission and one length of slot/non-slot:
Option-1 Average method: It is average value considering all data arrival cases.
Option-2 Best case method: The instant case which can achieve the minimum UP latency among all the cases. 
2.5 Overhead issues
[bookmark: OLE_LINK19]In order to collect the evaluation results from different companies, some detailed simulation assumptions should be further discussed and clarified. One assumption is whether GP is counted in the calculation of overhead for TDD. The consideration is discussed in section 2.2. The other one is the overhead of CORESET. For the simple, the overhead of CORSET is assumed to be some complete symbols by many companies, but the number of symbols should be taken into account considering the capacity of PDCCH for the transmission of downlink control information both for DL and UL and the simulation bandwidth and SCS. 
Corresponding to the limitation in 38.214 [5] for the maximum total REs which can be occupied, the minimum overhead is 0.0714. When the calculated overhead (no matter UL or DL) is beyond this value, this value is proposed to be applied as overhead instead. In CATT’s overhead calculation, it only happened to FDD FR1 UL while it may not happen again when DMRS ports update according to the actual simulation.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 10. When the calculated overhead (no matter UL or DL) is beyond 0.0714, 0.0714 is applied as overhead percentage instead.
2.6 Remaining issues in Peak data rate
Besides CP , UL/DL configuration and overhead issues, the main issue left is how Peak data rate can be represented, there are two options proposed by CATT:
Option 1. Take max BW per CC and max number of CC to calculate the maximum peak data rate
Option 2. Find certain BWs per CC (could be multiple BWs) and a number of CC to reach peak data rate requirement and show how much aggregated BW provided
For option 1, it is much easy to achieve the final evaluation result, while option 2 may provide proper bandwidth which maybe more reasonable. In option2, under the specific sub-carrier spacing, different BW can be aggregated. 
Proposal 11. Choose one of above options to represent Peak data rate results.
2.7 Energy efficiency
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]In energy efficiency evaluation, no data transmission is assumed and sleep ratio needs to be observed for both network and UE side. In this case, necessary signals and procedures are remained to maintain UE connection with network. As assumption of network side, synchronization, paging, and RMSI are needed for coarse and fine synchronization, system information update and RRM measurement. For UE side, DRX is configured for energy saving in both RRC-Idle/inactive and RRC-Connected mode. In DRX-On duration, UE should wake up to receive important information and data during DRX-on time, e.g., paging signal, necessary synchronization information, RRM related measurement signal, and DL data reception. In DRX-Off duration, UE could turn off its RF or baseband. Furthermore, UE needs additional time to ramp up and down before and after UE reception. In details, evaluation methodology, simulation assumptions and initial evaluation results are shown in [6]. Based on results, 20%~99% sleep ratio can be observed for UE and network. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Proposal 12. NR should consider necessary signals transmission and procedures for energy efficiency observation, e.g., synchronization signal transmission, paging transmission, and RMSI transmission for network side, paging reception, synchronization reception, RRM measurement and PDCCH reception for UE side.
Proposal 13. Enhancement on energy saving scheme is needed to be further studied to achieve higher energy efficiency for UE side, e.g., existing bandwidth partial, wake up scheme, PDCCH reduction, RRM reduction, etc.
2.8 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 [7] 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 [8]. 
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 [9].
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 [10].
Proposal 14: For link budget evaluation, 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 [8][9][10].
3. Conclusion
In this contribution, evaluation methodologies for self evaluation are further discussed. Proposals are provided as following:
Proposal 1. Results from different UL/DL configuration for Spectrum Efficiency can be summarized together by average or by listing the results value range; results from different UL/DL configurations for Peak data rate should be summarized separately and only configurations which can fulfill the requirements can be chosen for submission.
Observation 1. There is not any impact to Peak data rate results no matter there is GP or not counted in spectrum efficiency 
Proposal 2. There are two options for GP in spectrum efficiency:
Option 1. No GP counted in spectrum efficiency and peak spectrum efficiency. The calculation formula for peak data rate and peak spectrum efficiency are referred to (1) (2)
Option 2. GP is counted in spectrum efficiency and peak spectrum efficiency and its overhead is half-half to DL and UL. The calculation formula for peak data rate and peak spectrum efficiency are referred to (1) (3)
Proposal 3. Tproc,2（assuming d2,1=0）is assumed for step 3 at gNB and 5ms is applied to step 9.
Proposal 4. Both long and short preamble should be considered in the evaluation where long preamble : Format 0 (start from symbol 0);short preamble: Ffr simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration)
Proposal 5. Both average and best methods can be applied to represent results while the latency should be counted case by case
Proposal 6. UE PDSCH processing time equals to Tproc,1 with d1,1=0 and d1,2 selected according to resource mapping type and UE capability defined in section 5.3 of TS38.214 [11]; PUSCH processing time equals to Tproc,2　with d2,1= d2,2= d2,3=0 as defined in Section 6.4 of TS38.214 [11].
Proposal 7. Assuming BS processing delay for NACK reception and DL data (re)transmission preparation is equal to/less than UE PUSCH preparation time, and BS processing delay for PUSCH data reception and preparation for re-transmission schedule is equal to/less than UE PDSCH procedure time in self evaluation.
Proposal 8. Assume PDCCH and PUCCH occasion occur at every OFDM symbol. And 1 symbol PDCCH and 1 symbol PUCCH are considered.
Proposal 9. Two options are proposed for UP latency calculation:
Under FDD or a certain TDD UL/DL configuration, a certain type of data channel transmission and one length of slot/non-slot:
Option-1 Average method: It is average value considering all data arrival cases.
Option-2 Best case method: The instant case which can achieve the minimum UP latency among all the cases. 
Proposal 10. When the calculated overhead (no matter UL or DL) is beyond 0.0714, 0.0714 is applied as overhead percentage instead.
Proposal 11. Choose one of above options to represent Peak data rate results.
Proposal 12. NR should consider necessary signals transmission and procedures for energy efficiency observation, e.g., synchronization signal transmission, paging transmission, and RMSI transmission for network side, paging reception, synchronization reception, RRM measurement and PDCCH reception for UE side.
Proposal 13. Enhancement on energy saving scheme is needed to be further studied to achieve higher energy efficiency for UE side, e.g., existing bandwidth partial, wake up scheme, PDCCH reduction, RRM reduction, etc.
Proposal 14: For link budget evaluation, 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 [8][9][10].
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