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1
Work plan related evaluation
1.1
History

	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc of WI/SI description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG for the
SI / 
Core part / 
Testing part
	completion date
as decided by TSG for the
SI / 
Core part / 
Testing part
	overall level of completion as decided by TSG for the
Perf. part
	completion date
as decided by TSG for the Perf. Part

	75
	SI started
	RP-170829
	0%
	June 2018
	
	

	76
	RP-171499
	RP-171043
	0%
	June 2018
	
	

	77
	RP-172105
	
	0%
	June 2018
	
	

	78
	RP-172783
	
	0%
	June 2018
	
	

	79
	RP-180138
	
	15%
	December 2018
	
	


NOTE:
The table covers all TSG meetings from the start of the WI/SI but not the current RAN meeting.
Please indicate the RAN Tdoc numbers for the WI/SI description sheets in the 3rd column above as link to the 3GPP server, i.e. ftp://ftp.3gpp.org/tsg_ran/TSG_RAN/TSGR_xx/Docs/RP-xxnnnn.zip.
1.2
Status at this TSG meeting
NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned. If this status report covers Core and Perf. part, then the rapporteur may have to contact 2 WGs (one for the Core and RAN4 for the Perf. part).
1.2.1
Estimated level of completion of the work/study item

overall (mandatory to be provided):

Core part:


XXX %








RAN4 Perf. part:

XXX %







RAN6 Perf. part:

XXX %








RAN5 Testing part:

XXX %








SI:



40 %

NOTE:
Please leave the XXX for lines that are not applicable for this status report.
per WG (mandatory to be provided) for Core part or SI:
RAN WG1:

40 %










RAN WG2:

XXX %











RAN WG3:

XXX%











RAN WG4:

XXX%










RAN WG5:

XXX%











RAN WG6:

XXX%

NOTE:
Please leave the XXX for lines that are not applicable for this status report.

additional comments:


<if any, otherwise leave it blank>
1.2.2
Estimated completion date of the work/study item
This SI is planned to be 100% complete in:



December 2018
which is:
RAN #82
The Core part WI is planned to be 100% complete in:


<e.g. March 1x>
which is:
RAN #XX
The Performance part WI is planned to be 100% complete in:
<e.g. March 1x>
which is:
RAN #XX
The Testing part WI is planned to be 100% complete in:

<e.g. March 1x>
which is:
RAN #XX
NOTE:
Please leave the XX for lines that are not applicable for this status report.

additional comments:


1.2.3
Future time budget situation (not applicable to RAN5 WIs/SIs)
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	Yes


If you answered No:
Then please remove the Excel file from the zip file of this status report.
If you answered Yes:
Then please fill out the attached Excel template to request a modification of the time 

budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 

up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 

RAN meeting. Please highlight all changes of the values.


One time unit (TU) corresponds to ~ 2 hours in the meeting.


If this status report covers a WI with Core and Performance part, then please have one 

line for each in the attached Excel table.


Note: If no Excel table is attached, then this means no time budget change.

Additional explanations/motivations for the time budget changes in the attached Excel table: in the original plan approved in RAN#75 was to use 12 TUs in RAN1 for this study item. So far 4.5 TUs have been used in Q1 and Q2. TU allocations for Q3 and Q4 are proposed in the attached Excel template.
2.
Technical status related evaluation
2.1
Detailed progress report since last TSG meeting (for all involved WGs)
NOTE:
A good progress report lists what was done for each open issue in all affected WGs.

2.1.1
Progress of the SI or Core part WI or Testing part WI
RAN1#92:

Link and system level performance evaluation for NOMA was discussed, with the following parameters adopted for link level evaluations.
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional
	

	Waveform 

(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Channel coding
	URLLC: NR LDPC

eMBB: NR LDPC 

mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology 

(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)

Case 2: SCS = 30 kHz, #OS = 4


	SCS = 15 kHz

#OS = 14
	

	Allocated bandwidth
	6 as the starting point
	12 as the starting point
	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.

Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)



	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 


	Companies are encouraged to perform evaulations with various number of UEs

Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,

4Rx or 8 Rx for 4 GHz 

8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1Tx  
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional
	

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal


	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	Timing offset
	0 as starting point. For grant-free without perfect TA, value is TBD
	

	Frequency error
	0 as starting point. The value(s) is TBD. 
	

	Traffic model for link level
	Full buffer as starting point. Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.


	


Note: for the case when a parameter has a “OR” condition, companies are encouraged to evaluate all the corresponding values

The following table was also adopted as the metrics for NOMA study from link level point of view. More metrics may be added in the future.

	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  

Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL 



	Implementation related metrics
	PAPR/cubic metric

Rx complexity and processing latency

FFS:  Configuration/Scheduling flexibility


RAN1#92bis:
Transmitter side processing, receiver complexity, and link and system level performance evaluation for NOMA were discussed, with the following assumptions adopted for further study and evaluations
Adopt Figure 1 as the general block diagram of multi-user receiver for UL data transmissions.

· The algorithms for the detector block (for data) can be e.g. MMSE, MF, ESE, MAP, MPA, EPA. 

· The interference cancellation can be hard, soft, or hybrid, and can be implemented in serial, parallel, or hybrid.

· Note: the IC block may consist of an input of the received signal for some types of IC implementations

· The interference cancellation block may or may not be used. 

· Note: if not used, an input of interferene estimation to the decoder may be required for some cases.

· The input to interference cancellation may come directly from the Detector for some cases
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Figure 1 A high-level block diagram of multi-user receiver

· Adopt the parameters in the following table for system-level evaluations of NOMA study
Table I: System-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid
	

	Inter-BS distance
	[1732]m 
	[500m]
	200m
	

	Carrier frequency
	700MHz
	[4GHz. 700MHz]
	4GHz
	

	Simulation bandwidth
	[6] PRBs
	12 PRBs
	12 PRBs
	

	Number of UEs per cell
	Companies report
	

	Channel model
	UMa in TR 38.901
	

	UE Tx power
	Max 23 dBm
	

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;

2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

dH = dV = 0.5λ;

BS antenna downtilt: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;

16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;

dH = 0.5λ, dV = 0.8λ;

BS antenna downtilt: companies to report, FFS a single value
	

	BS antenna height
	25m
	

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	

	BS receiver noise figure
	5dB
	

	UE antenna configuration
	1Tx as starting point
	

	UE antenna height
	Follow the modelling of TR 38.901
	

	UE antenna gain
	0dBi as starting point
	

	UE distribution
	For mMTC: 

[20%] of users are outdoors (3km/h), [80%] of users are indoor (3km/h); Users dropped uniformly in entire cell

Companies are encouraged to check whether the percentage of UEs whose CL > 144 dB is significant (e.g., 5%) and the CDF of the CL. Further discuss the percentage of outdoor UEs, to be finalized in May meeting.

For URLLC 

[20%] of users are outdoors (3km/h), [80%] of users are indoor (3km/h); Users dropped uniformly in entire cell

For eMBB

20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell


	

	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC. 
	

	HARQ/repetition
	Companies report (including HARQ mechanisms).
	

	Channel estimation
	Realistic
	

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)

Companies to provide analysis of complexity between baseline vs. advanced receivers
	

	Packet dropping criterion
	
	
	
	


Note: other values can be considered.
· The traffic model below is used for NOMA evaluations in mMTC scenario:

· Packet arrival per UE: Poisson arrival with arrival rate λ;

· Packet size: 20~200 bytes Pareto + higher layer protocol overhead of [29] bytes, as defined in TR 45.820 to be the starting point

· Other packet sizes are not precluded.

· The traffic model for NOMA evaluations in URLLC scenario is to be decided in May meeting.

· The traffic model for NOMA evaluations in eMBB scenario is to be decided in May meeting. 

· Adopt the following performance metrics for NOMA study from system level point of view.

 For mMTC

· Focus on normal coverage.

· The performance metrics for mMTC include the following:

· Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell for massive connectivity

· CDF of packet drop rate per UE is optional.

· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load.

For URLLC

· The baseline for performance comparison is UL transmission without dynamic link adaptation (i.e., using configured grant type 1 or type 2)

· The performance metrics for URLLC include at least the following:

· Percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR).

· CDF of reliability per UE is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. PAR. 

For eMBB

· The performance metrics for eMBB include the following:

· Metric 1: Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:

· Offered load can be at least 

· Higher layer packet arrival rate (PAR) per cell

· CDF of packet drop rate per UE is optional.

· CDF of transmission latency is optional.

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load. 

· Metric 2: UPT vs. offered load. 

· CDF of the inter-cell interference-over-thermal (IOT) is optional.

· CDF of UE perceived throughput is optional

· FFS whether or not to have signalling overhead as one performance metric

Further clarify the LLS parameters:

· For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.

· For a=[3], companies are encouraged to check RAN4 power control rerquirements ( aim to conclude in RAN1#93

· FFS timing offset for grant-free without perfect TA, 

· FFS frequency offset 

RAN1#93:
Transmitter side processing, receiver complexity, and link and system level performance evaluation for NOMA were further discussed, with the following assumptions adopted for further study and evaluations
· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
· Transmitter side data processing for NOMA can be based on one or more of the following aspects

· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping

· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE
· In performing performance evaluation, companies should provide analysis of receiver complexity. Particularly (with details FFS):

· Detector complexity 

· Decoding complexity

· Interference cancellation complexity, if any

· Number of iteration(s), if any

· Other receiver optimization, if any

· Complexity for the preamble/DMRS detection

· Memory requirements

· Latency

· FFS which simulation cases to be selected for evaluation

· Discuss further next meeting potential template capturing the complexity analysis, especially regarding the level of details in the analysis

· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.

· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
· Synchronous UL data transmission should be the starting point.  

· Also considers the asynchronous transmission

· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:

· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS

· Case 2: 2*CP>=y > CP, with detailed value FFS

· Additional value(s) for y are not precluded

· Possible down-selection can still be discussed 

· FFS the channel structure and procedures for asynchronous.

· For mMTC, 

· the baseline for system-level performance comparison is 

· UL transmission with configured grant type 1 or type 2 in Rel.15 NR.

·  Companies to report the link adaptation assumptions, if any.

· The DMRS collision, if any, should be taken into account.

· For the evaluation of NOMA schemes

· UL transmission with configured grant type 1 or type 2 in Rel.15 NR as staring point

·  Companies to report the link adaptation assumptions, if any.

·  The MA signature (including DMRS) is semi-statically configured.

· The MA signature collision, if any, should be taken into account.

· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.

· The grant-free definition follows NR SI.

· For eMBB, 

· the baseline for system-level performance comparison can be 

· Configured grant type 1 or type 2 in Rel.15 NR.

· The DMRS collision, if any, should be taken into account.

· Companies to report the link adaptation assumptions, if any.

· UL transmission with dynamic grant

· Details to be reported.

· The signalling overhead should be reported.

· For the evaluation of NOMA schemes

· Configured grant type 1 or type 2 in Rel.15 NR.

·  The MA signature (including DMRS) is semi-statically configured.

· The MA signature collision, if any, should be taken into account.

· Companies to report the link adaptation assumptions, if any.

· UL transmission with dynamic grant

· Details to be reported.

· The signalling overhead should be reported.

· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.

· The grant-free definition follows NR SI.

· For SLS in mMTC and eMBB, the packet drop rate (PDR) is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully decoded by the receiver beyond

·  “packet dropping timer”, or

· The packet dropping timer can be set to 1 second as the starting point.

· “maximum number of HARQ transmission(s)”

· 1 and 8 as starting point

· The HARQ timing is FFS

· Simplified system-level evaluations can be used for URLLC scenario as detailed as follows:

· Mean BLER of a UE can be used to represent the reliability of the UE. 

· Note: Further considerations can be reviewed, e.g. the deviation of BLER about the mean BLER.

· PHY abstraction methods agreed in TR38.802 can be reused as the starting point.

· Note: Further considerations can be reviewed.
· For mMTC, higher layer protocol overhead can be confirmed to 29 bytes for evaluation purpose.

· The traffic model below is used for NOMA evaluations in URLLC scenario:

· Packet arrival per UE can be based on either option 1 or option 2

· Option 1: FTP Model 3 with Poisson arrival;

· Option 2: Periodic packet arrivals.

· Packet size: 

· Single fixed value per simulation: 60 bytes and 200 bytes

· higher layer protocol overhead included
· The target reliability is 99.999% and the target delay requirement is 1ms (for 60 bytes) and 4ms (for 200bytes) as starting point.

· The traffic model below is used for NOMA evaluations in eMBB scenario:

· Packet arrival per UE: FTP Model 3 with Poisson arrival

· Packet size:

· [40]~[600] bytes Pareto distribution, with shaping parameter alpha = [1.5] as starting point.

· Further refinement can be further discussed in RAN1#94

· The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

· For mMTC:

· Inter-BS distance is 1732 m.

· Simulation bandwidth with 6 PRBs is the starting point.

· For UE distribution, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).

· For URLLC: 

· Carrier frequency can be 4GHz or 700MHz.

· For 4GHz, 

· 200m ISD, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).

· For 700MHz, 500m ISD, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).

· Other option(s) not precluded, e.g., 500m ISD, 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).

· Clarify the simulation bandwidth in the SLS assumptions is the bandwidth for uplink transmission. 

· FFS whether or not to introduce system bandwidth in SLS

· For calibration of the CDFs of coupling loss and downlink geometry averaged over two antenna ports.

· Use the assumption in the following Table.

Table System-level assumptions for calibration purpose
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 
	500m 
	200m

	Carrier frequency
	700MHz
	700MHz
	4GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS Tx power
	Max 46 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization

dH = dV = 0.8λ;

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the evaluation assumptions

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873


· Residual frequency offset for link-level simulation

· In addition to 0, evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.

· Clarify the definition of SNR in LLS as:

· The mean received power over the allocated bandwidth per OFDM symbol carrying data, divided by noise power per OFDM symbol within the allocated bandwidth.

· For realistic channel estimation with number of DMRS ports <= 12

· Reuse the NR design for evaluation purpose

· Other DMRS designs are not precluded for the NOMA study

· For realistic channel estimation with number of DMRS ports > 12

· The DMRS overhead should not be less than NR design for evaluation purpose.
· FFS extending DMRS design for the NOMA study
· Number of PRB is 24 PRBs for URLLC evaluations with 30 kHz SCS.

· There is no implication to make performance comparison between 60 kHz and 30 kHz.

· For calibration purpose, the link-level evaluation assumptions are given below: 
	Implementation assumptions
	Values

	LDPC decoding algorithm
(e.g. MaxLogMAP or LogMAP, fully parallel or row parallel)
	Companies to report

	Number of LDPC decoding iteration
	Companies to report (e.g., 50 for flooding, 25 for layered)

	Modulation for 10/20 bytes
	QPSK

	Modulation for 75/150 bytes
	QPSK

	Channel Estimation
	Ideal

	Channel Model
	AWGN, TDL-A with 30ns (3km/h), TDL-C with 300ns (3km/h), no spatial correlation

Initialize channel realization at each slot

	Total number of slots
	1000 for eMBB/mMTC AWGN

10000 for eMBB/mMTC fading channel

[50000] for URLLC AWGN

[100000] for URLLC fading channel

	System bandwidth
	10 MHz


2.1.2
Progress of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
2.2
List of completed elements (compare with open issues of last TSG)
2.2.1
Completed elements of the SI or Core part WI or Testing part WI
· Link level evaluation parameters and performance metrics
2.2.2
Completed elements of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
· xxx

· xxx

· xxx

2.3
List of open issues
NOTE:
Usually, at the beginning of a WI/SI the list of open issues is copied from the objectives of the WID/SID into this open issues list. Once an open issue is completed it is moved up to section 2.2.
When a WI/SI is 100% complete the list under 2.3 is empty. Otherwise please justify why an open issue is not essential for the WI/SI.

2.3.1
Open issues of the SI or Core part WI or Testing part WI
· Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]
· Receivers for non-orthogonal multiple access [RAN1] 
· Procedures related to the non-orthogonal multiple access  [RAN1]

· Link and system level performance evaluation [RAN1]

2.3.2
Open issues of the Performance part WI
NOTE:
Please leave this section empty if not applicable to this status report.
· xxx

· xxx

· xxx
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