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Introduction
The objective of this email discussion is to collect the views of companies on the link level evaluation assumptions for URLLC in LTE. 
The document provides a summary of the discussion.
Agreements
The following agreements have been reached at RAN1#90b:
Related to target requirements:
	Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

	Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.



Related to evaluation and methodology:
	Agreement: For LTE URLLC evaluation, reliability is used as metric. The reliability definition from NR in 3GPP TR 38.802 is reused.
· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge). 
· Spectral efficiency should be considered.
· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any).
· Evaluation method: 
· Use Link level simulation based on ITU methodology (i.e. a step-wise approach)
· The fulfilment of the reliability target is verified in link level simulations at a reference SINR, i.e. Q, resulting from system level simulations.
· FFS: 
· The simulation assumptions to derive the reference SINR, i.e. Q
· The reference SINR is calibrated among companies
· Other link level simulation methodologies not focussing on the ITU requirement are not precluded.
· FFS details
· The error probability should be provided for a range of SNR

NOTE: The ITU evaluation methodology for reliability is defined in section 7.1.5 of “Guidelines for evaluation of radio interface technologies for IMT-2020” from ITU Radiocommunication Study Groups.



Questions
At RAN1#90Bis, it has been agreed for evaluation method that “Use Link level simulation based on ITU methodology (i.e. a step-wise approach)”.
The step-wise ITU methodology reproduced as below:
	The evaluator shall perform the following steps in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.
Step 1:	Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1 below, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.
Step 2:	Use the CDF for the Urban Macro-URLLC test environment to save the respective 5thpercentile downlink or uplink SINR value.
Step 3:	Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report,to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINRtaking into account retransmission.
Step 4:	The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.




The link level simulations are used in step 3 to obtain success probability. The link level simulation assumptions for 3GPP and ITU are captured in the Annexes.
For carrier frequency, both 3GPP and ITU assume 700 MHz and 4GHz in link level simulations. By note in ITU Eval document, the carrier frequency of 700 MHz represents frequency ranges of 450 MHz – 960 MHz; 4 GHz represents frequency ranges of 3 GHz – 6 GHz. For LTE, only several frequency bands are within 3GHz-6GHz (Band 22, 42, 43).  
Question 1: Do you agree to use 700MHz as baseline and 4GHz optional as the carrier frequency in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.

	Company
	Views

	Huawei, HiSilicon
	To be aligned with the consensus in discussion of system-level simulation, 700 MHz can be the baseline, and 2GHz as optional due to the usage in LTE.

	Ericsson
	We think 700 MHz should be used as baseline.
It is not clear to us what it is meant by using 4 GHz as optional. Would we need separate system level simulations and agreed assumptions and calibration activity for this to derive Q (5th percentile SINR)? How would the optional use of 4 GHz impact the technical work (just nice to have these sets of results?). We would prefer to keep only to 700 MHz.

	Qualcomm
	Since only 700MHz is used in the SLS, we prefer to consider the carrier frequency of 700MHz in the link-level evaluations at least as a baseline. As an optional choice, the carrier frequency of 2GHz can also be considered. But, this likely needs more system-level evaluations. 

	ZTE, Sanechips
	Use 700MHz as the baseline, and 2GHz as optional. 

	Intel
	700 MHz is a baseline. 2 GHz may be optionally considered with corresponding SINR values derived using 2 GHz propagation in SLS.

	SAMSUNG
	700MHz should be baseline due to align with SLS.



Summary of the views on question 1:
8 companies responded to this question:
· All companies are fine to use 700 MHz as the baseline.
· 6 companies (Huawei/HiSilicon, Qualcomm, ZTE/Sanechips, Intel) consider 2GHz as optional. 
· 2 companies (Ericsson, Qualcomm) mentioned whether new SLS is required if non-700MHz is used.
Base on the majority view, the following is proposed:
Proposal 1: Use 700MHz as baseline and 2GHz optional as the carrier frequency in link level evaluations.

The channel models used in 3GPP (TDL/CDL in TR 38.901) is the same with that of ITU for link level simulation.
Question 2: Do you agree to use TDL/CDL in TR 38.901 as the channel model in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.

	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	Yes. TDL only, and for Urban Macro scenario TDL-C and TDL-E for NLOS and LOS respectively.

	Qualcomm
	Considering only TDL model is sufficient. 

	ZTE, Sanechips
	TDL only is sufficient. 

	Intel
	Yes

	SAMSUNG
	TDL is baseline. CDL is optional. 



Summary of the views on question 2:
8 companies responded to this question:
· All companies are fine to use TDL.
· 3 companies (Huawei/HiSilicon, Intel) are fine to also use CDL. 
· 1 company (Samsung) is fine to use CDL as optional.
· 4 companies (Ericsson, Qualcomm, ZTE/Sanechips) prefer to only use TDL.
Base on the majority view, the following is proposed:
Proposal 2: Use TDL as baseline and CDL as optional in TR 38.901 as the channel model in link level evaluations.

One important parameter for the channel models used in 3GPP (TDL/CDL in TR 38.901) is scaling of delays, and some example scaling parameters are given in 36.901, which are reproduced as below.
Table 7.7.3-1. Example scaling parameters for CDL and TDL models.
	Model
	


	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns



Question 2A: If your answer to Q2 is yes, then which scaling parameters of delays are used in link level evaluations for LTE URLLC?

	Company
	Views

	Huawei, HiSilicon
	We propose to use 30ns and 300ns as the baseline, and other values can also be used and company should report the used values. With 30ns and 300ns used, the evaluations can represent the performance in most scenarios, and the impacts of delay spread can also be obtained. 

	Ericsson
	We should pick the RMS delay spread that are required by ITU. The quoted above table are just example values.


We propose for the urban macro scenario:
NLOS: 	TDL-C: =363 ns
LOS: 	TDL-E: = 93 ns

	Qualcomm
	One TDL model with small delay spread RMS, e.g., 10ns, 50ns, 100ns, and one with a larger delay spread, e.g., 300ns.

	ZTE, Sanechips
	30ns and 300ns as the baseline. 

	Intel
	Agree with Ericsson that we should use the typical values defined for UMa environment.

	SAMSUNG
	30nm and 300nm are enough to consider. Those are shown as short and long delay spread. 



Summary of the views on question 2A:
8 companies responded to this question:
· 5 companies (Huawei/HiSilicon, ZTE/Sanechips, Samsung) prefer to use 30ns and 300ns as the baseline. 
· 2 companies (Ericssion, Intel) prefer to use 93ns for LOS and 363ns for NLOS.
· 1 company ( Qualcomm) prefer to have a small value in {10ns, 50ns, 100ns} and one large value as 300ns.
Base on the majority view, the following is proposed:
Proposal 3: Use {30ns, 300ns} as the scaling parameters of delay spreads in link level evaluations.

For UE speed, ITU assumes 3km/h for indoor and 30km/h for outdoor while 3GPP assumes 3km/h and 15km/h. As the ITU parameters on UE speeds are mainly used for system level simulation (for example, distinguishing between outdoor/indoor UEs may not be used in link level simulations), we propose to follow the 3GPP assumption.
Question 3: Do you agree to use 3km/h, 15km/h (other user speed is not precluded) as the UE speed in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.

	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	To us, it seems safer to apply the ITU assumptions, also considering the upcoming self-evaluation campaign. It seems the 30 km/h was not settled (looking back) in ITU before the last version of the 3GPP TR. 
In the “ITU-Pref Req” they define mobility classes. It is only for eMBB, but for the urban case that maps to URLLC the vehicular class supports up to 30 km/h. 
We propose to use 3 km/h and 30 km/h

	Qualcomm
	Yes.

	ZTE, Sanechips
	Yes. 

	Intel
	3 km/h and 30 km/h as in ITU assumptions.

	SAMSUNG
	Yes



Summary of the views on question 3:
8 companies responded to this question:
· 6 companies (Huawei/HiSilicon, Qualcomm, ZTE/Sanechips, Samsung) are fine on 3km/h and 30km/h. 
· 2 companies (Ericssion, Intel) prefer to use 3km/h and 30km/h.
Base on the majority view, the following is proposed:
Proposal 4: Use {3km/h, 15km/h } as the UE speeds in link level evaluations.

For simulation bandwidth, ITU assumes up to 40 MHz (for carrier frequency of 700 MHz) and up to 100 MHz (for carrier frequency of 4 GHz). And 3GPP request companies to report the user bandwidth in evaluation. Considering the bandwidth may affect the frequency diversity thus the performance, multiple bandwidth configurations may be required.
Question 4: Do you agree to use following for simulation bandwidth in link level evaluations? If your answer is ‘No’ please provide yourpreference and reasoning.
	Simulation bandwidth
	Companies report
Up to 40 MHz (for carrier frequency of 700 MHz)
Up to 100 MHz (for carrier frequency of 4 GHz)



	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	We are fine to report the bandwidth used by each company.
On the maximum bandwidth we would propose ‘up to 20 MHz’

	Qualcomm
	It is not clear what “up to 40MHz” or “up to 100MHz” means here. Does it mean that the carriers are aggregated and one TB is sent over the aggregated CCs? Before deciding, it would be good if it can be clarified.

	ZTE, Sanechips
	The maximum bandwidth in LTE without CA is preferred, i.e., 'up to 20 MHz'.  

	Intel
	Up to 20 MHz maximum carrier BW should be used as in other LTE studies.

	SAMSUNG
	We need to decide exact BW size to run LLS. If carrier frequency uses only 700MHz, 20MHz can be considered as a baseline of BW for LLS.



Summary of the views on question 4:
8 companies responded to this question:
· 5 companies (Ericsson, ZTE/Sanechips, Intel, Samsung) are fine to use up to 20MHz. 
· 2 companies (Huawei/HiSilicon) are fine to use up to 40MHz/100Mhz.
· 1company (Qualcomm) would like to clarify the CA and TB.
Base on the majority view, the following is proposed:
Proposal 5: Company reports the simulation bandwidth used in the link level evaluation, which is up to 20MHz.

For SINR range, 3GPP assumes -5dB to 20dB and ITU requires that:
The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability.
-5dB is chosen by NR in URLLC evaluation may be -5dB is sufficient for evaluation of coverage edge UE (i.e. 5th percentile downlink or uplink SINR), however this should be further evaluated in LTE to fulfill the ITU evaluation requirement.
Question 5: Do you agree to use following for SINR range in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.
	SINR range
	min{-5dB, 5th percentile downlink/uplink SINR in system level simulation} to 20dB
Larger range is not precluded



	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	To us, this seems like a waste of simulation resource to require all simulations we provide to run until 20 dB, even if we might only be interested in the 5th percentile value.
Could we say something like:
	SINR range
	A range of SINR is to be provided below and above the 5th percentile downlink/uplink SINR in system level simulation
Optional: Providing an extended SINR range, e.g. up to 20 dB in SINR


It would be good to get at least a line crossing the Q target to get an understanding on the diversity slope for example. But if we hit 1e-5 at -5 dB let’s say, the amount of realizations to be run, to get something useful at all in terms of performance at 20 dB, would be massive.
An alternative could be to say:
	SINR range
	A range of SINR is to be provided that covers reliability R,  5*10r-1 ≤  R ≤ 5*10r+1
where the target reliability is Rtarget=10r (target reliability)
Example: Target reliability is 10-5, range to cover in simulations would be at least 5*10-4 ≤  R ≤ 5*10-6




	Qualcomm
	Yes. However, then it should be clarified how the SINR values obtained from the SLS should be used.

	ZTE, Sanechips
	 We share with Ericsson, a range of SINR below and above the SINR provided in SLS is sufficient, no need to always run up to 20 dB. 

	Intel
	In our view it is not essential to agree on any particular SINR range. However, SINR should at least include the target Q and the value which is achieved on the target BLER.

	SAMSUNG
	Yes



Summary of the views on question 5:
8 companies responded to this question:
· All companies are fine to use at least the 5%-ile SINR in system level simulations. 
· 3 companies (Ericsson, ZTE/Sanechips) expressed the concern on the simulation resource if too many SINR points need to be evaluated.
Base on the majority view, the following is proposed:
Proposal 6: At least use the 5%-ile SINR in system level evaluation as the SINR range in link level evaluations. FFS other SINR values.

For traffic model, ITU assumes full buffer with 32 bytes packet size at Layer 2, while 3GPP assumes two options: periodically or Poisson arrival for 32 bytes, 50 bytes or 200 bytes PHY packet size.
Question 6: Which option is adopted in link level simulation for URLLC in LTE? Please provide your reason(s).
· Option 1: 3GPP assumptions
	Packet arrive rate

	Option 1: periodically
Option 2: Poisson arrival with arrival rate 

	PHY Packet size
	32 byte, 50 byte, 200 byte 
Other values are not precluded.


· Option 2: ITU assumptions
	Evaluated service profiles
	Full buffer best effort

	Packet size
	32 bytes at Layer 2 PDU

	Inter-packet arrival time
	N.A.



	Company
	Views

	Huawei, HiSilicon
	Option 2. In link level simulation, full buffer and best effort is always assumed, while the other packet arrival model can be considered in system level simulation.

	Ericsson
	Option 2. We don’t even see how Option 1 would be used in link simulations. The traffic profiles that are described would typically be applied in protocol level simulations or system level simulations, but not link simulations.

	Qualcomm
	The PHY packet sizes under Option 1 should be supported to have a support for different applications. The packet arrival rate, however, will not be used in the LLSs.

	ZTE, Sanechips
	Option 2. 

	Intel
	Option 2 as a baseline with optional additional values of packet sizes as in Option 1

	SAMSUNG
	Option 2. 



Summary of the views on question 6:
8 companies responded to this question:
· All companies are fine to use option 2. 
· 1 companies (Qualcomm) prefers to also include PHY packet sizes of (32/50/200 bytes).
Base on the majority view, the following is proposed:
Proposal 7: Use the following in link level simulations.
	Evaluated service profiles
	Full buffer best effort

	Packet size
	32 bytes at Layer 2 PDU



For number of antenna elements, ITU assumes maximum number of BS antenna elements as 256 TX/RX for 4GHz and 64 TX/RX for 700 MHz, maximum number of UE antenna elements as 8 TX/RX for 4GHz and 4 TX/RX for 700MHz. 3GPP assumes 2/4 TX/RX ports as start point for BS and 2/4 TX/RX ports as start point. Considering single antenna UE may also be popular in LTE, 1 antenna port can also be added for UE.
Question 7: Do you agree to use following for antenna configurations in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.
	BS antenna configuration
	2/4/8 Tx/Rx ports as start point
Other values (i.e., up to 256) are not precluded

	UE antenna configuration
	1/2/4 Tx/Rx ports as start point
Other values (i.e., up to 8) are not precluded



	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	Here, there is a strong coupling to the system level evaluations and what we assume there. Currently, the agreed configuration for the base station is to use 2-port (cross polarized) antenna configuration with each port connected to an antenna panel of 8x1 dipole elements. Also, the proposal is to derive SINR at the antenna connector. In essence, this creates a sector antenna per polarization but in the system level evaluation, the SINR is derived from each Tx antenna port to each Rx antenna port. Hence, the degrees of freedom left for link evaluations would be 2 ports (for the two polarizations).
With the SLS assumption discussion ongoing our understanding is that for link simulator settings we would end up with:
	BS antenna configuration
	2 Tx/Rx

	UE antenna configuration
	2/4 Tx/Rx (preferably one should be chosen to ease simulation effort.



If 4 GHz would also be in the scope of evaluations, a more complex setting assuming beam forming might have to be assumed. In this case one has to be careful so that antenna elements used for beam forming at the system level, is not re-used again in the link level evaluation. That is, from a total antenna configuration, one need to decide how to use the antenna elements in the link and system level evaluations respectively.

	Qualcomm
	At the eNB side, we consider a 2/2 Tx/Rx, and at the UE side, we consider 1/2 Tx/Rx.

	ZTE, Sanechips
	As explained by Ericsson, the agreed configuration for the base station is 2-port. So 2/2 Tx/Rx is preferred for eNB side. For UE side, 1/2 Tx/Rx could be the baseline. 

	Intel
	UE: 1 TX and 2 RX as a baseline. 2 TX and 4 RX is optional.
eNB: 2 TX and 2 RX as a baseline. More antenna ports is optional.

	SAMSUNG
	Yes. As a baseline, BS antenna configuration is 4 Tx/Rx and UE antenna configuration is 2 Tx/Rx. 



Summary of the views on question 7:
8 companies responded to this question:
· 7 companies (Huawei/HiSilicon, Ericsson, Qualcomm, ZTE/Sanechips, Intel) are fine to 2 TX/RX for BS.
· 1 company (Samsung) prefers 4 TX/RX for BS.
· All companies are fine on 2 TX/RX for UE.
Base on the majority view, the following is proposed:
Proposal 8: Use the following in link level simulations
	BS antenna configuration
	2 Tx/Rx ports
Other values (i.e., up to 256) are not precluded

	UE antenna configuration
	2 Tx/Rx ports
Other values (i.e., up to 8) are not precluded



In step 3 of ITU methodology, the reliability is obtained within a maximum delay time, therefore, a latency bound should be considered. Currently, two latency/reliability requirements have been agreed, i.e. 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms  and 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.
Question 8: Do you agree to use following for latency bound in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.
	Latency bound 
	1ms, 10ms
Other values are not precluded
Companies report delay assumptions according to Table 1 in R1-166485



	Company
	Views

	Huawei, HiSilicon
	Yes

	Ericsson
	OK. It should be added that each latency bound is only associated with one reliability requirement. Maybe put them in a single table entry? I would also remove ‘other values are not precluded’ to avoid confusion of what to evaluate. We are fine with discussing more values, if seen needed, but good to maybe only list the agreed ones.
	Latency bound and associated reliability
	1ms @ 1e-5 reliability
10ms @ 1e-4 reliability
Companies report delay assumptions according to Table 1 in R1-166485




	Qualcomm
	Yes.

	ZTE, Sanechips
	Yes. 

	Intel
	Yes

	SAMSUNG
	Yes



Summary of the views on question 8:
8 companies responded to this question:
· All companies are fine with the proposal.
· 1 company (Ericsson) prefers to add reliability also and don’t want to include other latency bounds than 1ms and 10ms.
Considering that reliability is the outcome of the evaluation, based on the majority view, the following is proposed:
Proposal 9: Use the following in link level simulations
	Latency bound 
	1ms, 10ms
Other values are not precluded
Companies report delay assumptions according to Table 1 in R1-166485



As stated in WID, any solutions considered shall be backward compatible with the existing LTE system and shall not require changes to key LTE properties such as the frame structure, numerology and physical channel coding. In URLLC for LTE, the LTE numerologies and frame structures will be re-used.
Question 9: Do you agree to use following for subcarrier spacing and TTI length in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.
	Sub-carrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)



	Company
	Views

	Huawei, HiSilicon
	Yes

	Ericsson
	Yes

	Qualcomm
	Sub-carrier spacing of 15KHz should be assumed. In terms of the TTI length, in addition to the TTI lengths mentioned above, the 1-symbol sTTI should also be considered. It should be noted that even with 2-symbol sTTI with n+4 processing timeline, achieving the required reliability, while relying on HARQ re-transmissions, is not guaranteed within the latency bound as shown below (note that the scheduling delay is not considered): 


On the other hand, relying only on the repetition-based transmissions is not desirable since it degrades system capacity.

	ZTE, Sanechips
	Yes. 

	Intel
	Yes

	SAMSUNG
	Yes



Summary of the views on question 9:
8 companies responded to this question:
· 7 companies (Huawei/HiSilicon, Ericsson, ZTE/Sanechips, Intel, Samsung) are fine with the proposal.
· 1 company (Qualcomm) prefers to add 1-symbol sTTI also.
Based on the majority view, and considering that the candidate enhancements are still open, the following is proposed:
Proposal 10: Use the following in link level simulations
	Sub-carrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)
Other values are not precluded



The modulation and coding rate used in evaluation have impacts on the reliability and spectral efficiency of downlink/uplink channels. 3GPP assumes QPSK/16QAM/64QAM as modulation and 1/12, 1/6 and 1/3 as the coding rates.
Question 10: Do you agree to use following for MCS in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.
	Modulation and coding rate
	QPSK, 16QAM, 64QAM
1/12, 1/6, 1/3
Other MCS not precluded
Comparison should be made for the same spectrum efficiency



	Company
	Views

	Huawei, HiSilicon
	Yes.

	Ericsson
	Should this not be part of the evaluation, to see for example if lower code rates than defined today are required for URLLC? We are not sure we should limit ourselves at this stage before seeing any results presented. Can it be left open to that the MCS used should be reported.

	Qualcomm
	Yes, as long as other MCSs can be used for comparison if needed.

	ZTE, Sanechips
	Yes.

	Intel
	Modulation and code rates should be a part of the study. No need to limit to any range.

	SAMSUNG
	Yes



Summary of the views on question 10:
8 companies responded to this question:
· 6 companies (Huawei/HiSilicon, Qualcomm, ZTE/Sanechips, Samsung) are fine with the proposal.
· 2 companies (Ericsson, Intel) prefers to not limit the MCS.
Based on the majority view, the following is proposed:
Proposal 11: Use the following in link level simulations
	Modulation and coding rate
	QPSK, 16QAM, 64QAM
1/12, 1/6, 1/3
Other MCS not precluded
Comparison should be made for the same spectrum efficiency



For the UE number in link level simulation, ITU assumes 1 UE. For link level simulation, 1 UE may be sufficient to evaluate the reliability.
Question 11: Do you agree to use 1 UE (other UE numbers are not precluded) in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.

	Company
	Views

	Huawei, HiSilicon
	Yes

	Ericsson
	Yes at least for PDSCH/PUSCH simulations. 
It could be considered to evaluate multiple UEs in for example SPUCCH simulations. This can be further discussed.

	Qualcomm
	Yes.

	ZTE, Sanechips
	Yes. 

	Intel
	Yes

	SAMSUNG
	Yes


Summary of the views on question 11:
8 companies responded to this question:
· 8 companies (Huawei/HiSilicon, Qualcomm, ZTE/Sanechips, Intel, Samsung) are fine with the proposal.
· 1 company (Ericsson) prefers to use multiple UEs at least for SPUCCH evaluation.
Based on the majority view, the following is proposed:
Proposal 12: Use 1 UE (other UE numbers are not precluded) in link level evaluations.

For channel estimation, 3GPP assumes ideal channel estimation as start point, and realistic is not precluded when RS design is ready. As for LTE, the RS design is already there, ideal and practical can be used.
Question 12: Do you agree to use ideal and practical channel estimation in link level evaluations? If your answer is ‘No’ please provide your preference and reasoning.

	Company
	Views

	Huawei, HiSilicon
	Yes

	Ericsson
	We think practical should be used and could be expected to be implemented in LTE simulators (compared to the state of NR simulations when the assumptions were written). Since we might target a rather low SINR in the end, imperfections from channel estimations are important to model.

	Qualcomm
	Both can be considered, however, to compare different approaches, only practical channel estimation should be considered

	ZTE, Sanechips
	Practical channel estimation as start point. 

	Intel
	Practical channel estimation should be always reported. Ideal CE may be used by companies if needed for particular analysis.

	SAMSUNG
	Yes, at least as a baseline. After that, practical model will be further considered. 


Summary of the views on question 12:
8 companies responded to this question:
· 3 companies (Huawei/HiSilicon, Samsung) are fine with the proposal.
· 5 companies (Ericsson, Qualcomm, ZTE/Sanchips, Intel) prefers to use practical channel estimation as baseline.
Based on the majority view, the following is proposed:
Proposal 13: Use practical channel estimation in link level evaluations.

In evaluation of PDSCH, 1 transmissionmode based on CRS (such as TM1 or TM4) and 1 transmission mode based on DMRS (such as TM 9) can be used.
Question 13: Which transmission modes of PDSCH is adopted in link level evaluations?

	Company
	Views

	Huawei, HiSilicon
	We prefer to use TM2 as the baseline, as the reliability is important for URLLC thus the transmit diversity would be the typical transmission scheme.  

	Ericsson
	TM2 (optional), TM4 and TM9

	Qualcomm
	TM2 as a baseline.

	ZTE, Sanechips
	TM2 as a baseline.

	Intel
	TM2 as a baseline. Other modes are optional.

	SAMSUNG
	TM2



Summary of the views on question 13:
8 companies responded to this question:
· 7 companies (Huawei/HiSilicon, Qualcomm, ZTE/Sanechips, Intel, Samsung) prefers TM2.
· 1 company (Ericsson) prefers TM4 and TM9.
Based on the majority view, the following is proposed:
Proposal 14: Use TM2 in link level evaluations of PDSCH.

The number of CRS ports and DMRS ports also impact the performance PDSCH.
Question 14: For the transmission modes you preferred in Q12, what is the number of CRS/DMRS ports of PDSCH in link level evaluations?

	Company
	Views

	Huawei, HiSilicon
	 2 or 4, depending on the eNB’s antenna number.

	Ericsson
	2 for CRS (the cell has two CRS ports), for TM2 and TM4
1 for DMRS, for TM9
This is also connected to the antenna configuration discussed and agreed for system level simulations where a dual polarized antenna array using one port for each polarization was agreed.

	Qualcomm
	2 CRS ports for TM2.

	ZTE, Sanechips
	2 CRS ports for TM2.

	Intel
	Should correspond to antenna configuration and TM used.

	SAMSUNG
	Agree with Huawei. 


Summary of the views on question 14:
8 companies responded to this question:
· 3 companies (Huawei/HiSilicon, Samsung) prefers 2/4 depending on eNB’s antenna number.
· 3 companies (Ericsson, Qualcomm, ZTE/Sanechips) prefer 2 CRS port for TM2.
· 1 company (Ericsson) also proposed 2 for TM4 and 1 for TM9.
· 1 company ( Intel) proposed that it depends on antenna configuration and TM.
Based on the majority view, the following is proposed:
Proposal 15: Use 2 CRS ports for TM2 as baseline in link level evaluations of PDSCH.

The link adaptation also impacts the PDSCH performance, which may depends on CQI feedback configuration, UE estimation.
Question 15: Which option is adopted for link adaptation of PDSCH in link level evaluations?
· Option 1: disabled
· Option 2: ideal
· Option 3: companies report the feedback and link adaptation

	Company
	Views

	Huawei, HiSilicon
	Option 1. Since the link level simulation is to evaluate whether proposed schemes can achieve the requirement especiallythe reliability, we think link adaptation of PDSCH is not necessary.

	Ericsson
	Option 1. 

	Qualcomm
	Option 3. Link-adaptation, especially across re-transmissions, is essential in order to meet the reliability constraints. Hence, the results with (ideal and practical) and without link-adaptation can be reported.

	ZTE, Sanechips
	Option1. Same as 3GPP URLLC LLS assumptions.

	Intel
	Option 3.

	SAMSUNG
	Option 1. 


Summary of the views on question 15:
8 companies responded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, ZTE/Sanechips, Samsung) prefer disabled link adaptation.
· 2 companies (Qualcomm, Intel) prefer option 3.
Based on the majority view, the following is proposed:
Proposal 16: The link adaption is disabled for link level evaluation of PDSCH.

Question 16: Which option of receiver type is adopted in link level evaluations?
· Option 1: MMSE
· Option 2: MMSE-IRC

	Company
	Views

	Huawei, HiSilicon
	Option 1.

	Ericsson
	Option 1.

	Qualcomm
	Option 2.

	ZTE, Sanechips
	Option 1 is sufficient for TM with Rank =1. 

	Intel
	Option 1

	SAMSUNG
	Option 2.


Summary of the views on question 16:
8 companies responded to this question:
· 6 companies (Huawei/HiSilicon, Ericsson, ZTE/Sanechips, Intel) prefer MMSE.
· 2 companies (Qualcomm, Samsung) prefer MMSE-IRC.
Based on the majority view, the following is proposed:
Proposal 17: Use MMSE as the receiver type in link level evaluation.

Question 17: Is there any other parameters that needs to be considered in link level simulations based on ITU methodology? 
	Company
	Views

	
	

	
	

	
	



In previous meeting, there is still one FFS opening as below:
· Other link level simulation methodologies not focusing on the ITU requirement are not precluded.
· FFS details

Question 18: Is there any other link level simulation methodologies that should be considered? If your answer is yes, please provide the details.
	Company
	Views

	Huawei, HiSilicon
	Currently we think the link level simulation methodology based on ITU is sufficient to evaluate the potential enhancements.

	Qualcomm
	The multi-step ITU methodologies is focused on performing evaluations at a given SINR value, while 3GPP assumes a range of SINR values (Question 5). It should be clarified if only one methodology will be considered, or both will be adopted.

	SAMSUNG
	ITU methodology should be considered firstly and then 3GPP methodology also considered together if some parameters are stable. 




Are there any other considerations you would like to share onLLS assumptions and other LLS methodologies for URLLC in LTE?
	Company
	Views

	
	

	
	

	
	



Conclusion
[bookmark: _GoBack]The document provides a summary of email discussion [90b-LTE-25] on link level evaluation assumptions for LTE URLLC. Based on the summarization, the following proposals and observation are given below, where proposals highlighted in green are agreeable with majority consensus, and proposals highlighted in yellow may be agreeable with further discussions.
Proposal 1: Use 700MHz as baseline and 2GHz optional as the carrier frequency in link level evaluations.
Proposal 2: Use TDL as baseline and CDL as optional in TR 38.901 as the channel model in link level evaluations.
Proposal 3: Use {30ns, 300ns} as the scaling parameters of delay spreads in link level evaluations.
Proposal 4: Use {3km/h, 15km/h } as the UE speeds in link level evaluations.
Proposal 5: Company reports the simulation bandwidth used in the link level evaluation, which is up to 20MHz.
Proposal 6: At least use the 5%-ile SINR in system level evaluation as the SINR range in link level evaluations. FFS other SINR values.
Proposal 7: Use the following in link level simulations.
	Evaluated service profiles
	Full buffer best effort

	Packet size
	32 bytes at Layer 2 PDU


Proposal 8: Use the following in link level simulations
	BS antenna configuration
	2 Tx/Rx ports
Other values (i.e., up to 256) are not precluded

	UE antenna configuration
	2 Tx/Rx ports
Other values (i.e., up to 8) are not precluded


Proposal 9: Use the following in link level simulations
	Latency bound 
	1ms, 10ms
Other values are not precluded
Companies report delay assumptions according to Table 1 in R1-166485


Proposal 10: Use the following in link level simulations
	Sub-carrier spacing
	15kHz

	TTI length
	Subslot (2 or 3 symbols per TTI), slot (7 symbols per TTI, 0.5ms), 1ms TTI (14 symbols per TTI, 1ms)
Other values are not precluded


Proposal 11: Use the following in link level simulations
	Modulation and coding rate
	QPSK, 16QAM, 64QAM
1/12, 1/6, 1/3
Other MCS not precluded
Comparison should be made for the same spectrum efficiency


Proposal 12: Use 1 UE (other UE numbers are not precluded) in link level evaluations.
Proposal 13: Use practical channel estimation in link level evaluations.
Proposal 14: Use TM2 in link level evaluations of PDSCH.
Proposal 15: Use 2 CRS ports for TM2 as baseline in link level evaluations of PDSCH.
Proposal 16: The link adaption is disabled for link level evaluation of PDSCH.
Proposal 17: Use MMSE as the receiver type in link level evaluation.

Annex A (from 3GPP TR 38.802)

Table A.1.4-1: Simulation assumptions for URLLC
	Attributes
	Values or assumptions

	Carrier Frequency
	700MHz and 4 GHz (FDD and TDD)

	Modulation and coding rate
	QPSK, 16QAM, 64QAM
1/12, 1/6, 1/3
Other MCS not precluded
Comparison should be made for the same spectrum efficiency

	User bandwidth
	Companies report

	Latency bound 
	1ms 
Other values are not precluded
Companies report delay assumptions according to Table 1 in R1-166485

	SINR range
	-5dB to 20dB
Larger range is not precluded

	Sub-carrier spacing
	Companies report

	TTI length
	Companies report

	OFDM symbols per TTI
	Companies report

	Channel model
	TDL/CDL in TR38.901[15]; user speed = 3km/h, 15km/h (other user speed is not precluded)

	BS antenna configuration
	2/4/8 Tx/Rx ports as start point
Other values (i.e., up to 256) are not precluded

	UE antenna elements
	2/4 Tx/Rx ports as start point
Other values (i.e., up to 8) are not precluded

	Packet arrive rate

	Option 1: periodically
Option 2: Poisson arrival with arrival rate 

	PHY Packet size
	32 byte, 50 byte, 200 byte 
Other values are not precluded.

	ACK Feedback assumption
	Ideal as start point (Note 1)

	Channel estimation
	Ideal as start point; Realistic is not precluded when RS design is ready

	CQI feedback assumption
	Companies report the feedback scheme if any

	NOTE:	control channels including DL assignment/UL grant/ACK/NACK are to be evaluated further.
NOTE 1:	It is also possible that no ACK feedback is needed.




Annex B (from ITU, IMT-2020.EVAL)
TABLE 8-2
e) Evaluation configurations for Urban Macro-URLLC test environments
	Parameters
	Urban Macro–URLLC

	
	Reliability Evaluation

	
	Configuration A
	Configuration B

	Baseline evaluation configuration parameters

	Carrier frequency for evaluation
	4 GHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss
	100% low loss

	Additional parameters for system-level simulation

	Inter-site distance
	500 m
	500 m

	Number of antenna elements per TRxP1
	Up to 256Tx/Rx
	Up to 64 Tx/Rx

	Number of UE antenna elements
	Up to 8Tx/Rx
	Up to 4Tx/Rx

	Device deployment
	80% outdoor,
20% indoor
	80% outdoor,
20% indoor

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and30km/h for outdoor
	3 km/h for indoor and30km/h for outdoor

	Inter-site interference modelling
	Explicitlymodelled
	Explicitly modelled

	BS noise figure
	5dB
	5dB

	UE noise figure
	7dB
	7dB

	BS antenna element gain
	8dBi
	8dBi

	UE antenna element gain
	0dBi
	0dBi

	Thermal noise level
	-174dBm/Hz
	-174dBm/Hz

	Traffic model
	Full buffer
Note: This is used for SINR CDF distribution derivation
	Full buffer
Note: This is used for SINR CDF distribution derivation

	Simulation bandwidth
	Up to 100 MHz
Note: This value is used for SINR CDF distribution derivation
	Up to 40 MHz
Note: This value is used for SINR CDF distribution derivation

	UE density
	10 UEs per TRxP
Note: This is used for SINR CDF distribution derivation
	10 UEs per TRxP
Note: This is used for SINR CDF distribution derivation

	UE antenna height
	1.5 m
	1.5 m


NOTE 1: High loss buildings are sometimesreferred to as thermally efficient. Low loss buildings are sometimes referred to as traditional.Percentages of high loss and low loss building typecan vary according to the actual distribution of building types. In the future, the percentage of high-loss building is expected to increase, so this factor would have to be taken into account in later evaluation activities. It is used only in the appropriate channel model variant as required. 
NOTE 2: The carrier frequency of 700 MHz represents frequency ranges of 450 MHz – 960 MHz; 4 GHz represents frequency ranges of 3 GHz – 6 GHz; 30 GHz represents frequency ranges of 24.25 GHz – 52.6 GHz; 70 GHz represents frequency ranges of 66 GHz –86 GHz.

Table 8-3
Additional parameters for link-level simulation 
(for mobility, reliability, connection density requirements)
	Parameters
	Indoor hotspot-eMBB
	Dense Urban-eMBB
	Rural-eMBB
	Urban Macro–mMTC
	Urban Macro–URLLC

	Evaluated service profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz
	Up to 10 MHz (for ISD = 500 m)
Up to 50 MHz (for ISD = 1732 m)
	Up to 40 MHz (for carrier frequency of 700 MHz)
Up to 100 MHz (for carrier frequency of 4 GHz)

	Number of users in simulation
	1
	1
	1
	≥1
	1

	Packet size
	N.A.
	N.A.
	N.A.
	32 bytes at Layer 2 PDU
	32 bytes at Layer 2 PDU

	Inter-packet arrival time
	N.A.
	N.A.
	N.A.
	1 message/day/
device
or
1 message/
2 hours/device
	N.A.
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