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Introduction
At RAN#75 a new Work Item on Ultra Reliable and Low Latency communication was approved [1]. 
Since the start of the work item the evaluation scenarios and target requirements have been discussed and most details have been settled. In this document we are discussing the remaining issues.
[bookmark: _Ref505093524]Discussion
Assumptions related to system level assumptions
PUSCH allocation scheme
For the system level simulation assumptions, there is only one outstanding issue yet to be resolved, which was triggered by the email approval round relating to the Q-value (5th percentile SINR) determination for the macro scenario.
It is related to the resource allocation strategy to deploy for PUSCH. For PDSCH, considering that all resources are active all the time and that no power control is used in the DL, the allocation strategy has no impact. For PUCCH, only a single RB is assumed to be allocated, and typically only a few RBs/single RB would be allocated for (S)PUCCH format 1, which also limits the possibility to allow a more flexible allocation strategy, leaving only PUSCH for potential improvement.
All UL data transmission has the same targeted received power of -106 dB, reflecting roughly a SNR of 10 dB. The power control is fully determined by the pathloss estimate, and hence all users will be received with the same power, except if the determined wanted power level is lower than the allowed minimum level, in which case the minimum level instead is used (-40 dBm) and the received power will be higher than target (SNR > 10 dB).
In addition to the received signal level is also the interference in the network, which reduces the experienced SINR to something below 10 dB. The interference will vary depending on user position in the network and which users are interfering. Since all users target the same quality (SNR=10 dB) it is reasonable to try and average the interference in the network so that all users are experiencing roughly the same interference levels. 
The averaging of interference could be done in different ways and it would be difficult to specify an algorithm for all companies to follow. Still, this is a reasonable network behaviour and should be assumed in the simulations. Using such algorithms, a larger spread between companies on the Q-value to be derived is expected, but it is believed that this would still show a more realistic Q-value compared to using random resource allocation on the UL.
It is proposed to adopt the average Q-value, unless there are clear outliers in the set of Q-values, and if the spread is acceptable.
[bookmark: _Toc505256440][bookmark: _Toc506558835]It is only the Q-value for PUSCH that is affected by an alternative resource allocation (RA) scheme compared to random RA.
[bookmark: _Toc505256441][bookmark: _Toc506558836]It is reasonable to assume some intelligence in the RA from the network on the UL that averages out the interference experienced in the network
[bookmark: _Toc505256442][bookmark: _Toc506558837]With implementation specific RA algorithms deployed by different companies the spread between Q-values are expected to increase
[bookmark: _Toc505256445][bookmark: _Toc505256635][bookmark: _Toc505592015][bookmark: _Toc505595999][bookmark: _Toc505597553][bookmark: _Toc506533177][bookmark: _Toc506545747][bookmark: _Toc506550015][bookmark: _Toc506558824][bookmark: _Toc506558842]Consider adopting a resource allocation scheme for PUSCH in system simulations feature that is based on averaging interference method in the network. The details of the method used left up to each proponent
[bookmark: _Toc505256446][bookmark: _Toc505256636][bookmark: _Toc505592016][bookmark: _Toc505596000][bookmark: _Toc505597554][bookmark: _Toc506533178][bookmark: _Toc506545748][bookmark: _Toc506550016][bookmark: _Toc506558825][bookmark: _Toc506558843]Adopt the average Q-value for PUSCH unless there are clear outliers in the set of reported values. 
The full SINR CDF and for PUSCH is shown in Figure 1 for the two resource allocation principles. As can be seen, the spread of the full distribution is lowered with the allocation scheme that averages the interference. Roughly a 4.3 dB increase of the Q-value is seen with the more advanced allocation scheme.
The exact values are shown in Table 1.
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[bookmark: _Ref505178851]Figure 1: Different RA schemes for PUSCH and the resulting SINR distribution
[bookmark: _Ref505179707]Table 1: Q-values for different resource allocation strategies
	Type
	Q-values [dB]

	Random resource allocation
	-1.8

	Averaging of interference
	2.5



Q-value – Indoor hotspot
The Q-values for UL physical channels and the DL direction are shown in Table 2. The full CDF for the SINR is also shown in Figure 2.

[bookmark: _Ref505090027]Table 2: Q-value for Hotspot Indoor scenario for URLLC for LTE
	Physical channel/direction
	Q-value [dB]

	DL
	0.4

	PUSCH (random resource allocation)
	0.0

	PUSCH (averaging of interference)
	4.4

	Subframe-PUCCH
	-1.7

	Slot-SPUCCH
	-1.7

	Subslot-SPUCCH
	-1.7



[image: ]
[bookmark: _Ref505090016]Figure 2: SINR CDF for Indoor Hotspot for URLLC
Compared to the SINR curves seen for the macro scenario where the target power of the power control is clearly visible (see the Excel sheet from the calibration exercise on the RAN1 reflector in [91-LTE-09]), this is not the case for indoor. The reason is that the coupling loss is low enough to have more or less all UEs down-regulated to the minimum power level supported (-40 dBm). Compared to a realistic deployment this would not be the case, considering the receiver sensitivity of a local area base station compared to a wide are base station. In this case the noise figure would be significantly higher which would result in a more typical (expected) SINR curve.
[bookmark: _Ref506532927][bookmark: _Toc506533179][bookmark: _Toc506545749][bookmark: _Toc506550017][bookmark: _Toc506558826][bookmark: _Toc506558844]Adopt a eNB noise figure of 13 dB (and associated power control levels targeting the same SNR) that reflects the typical performance of a local area base station
Q-value in different scenarios
With both Urban Macro and Indoor Hotspot defined for the URLLC work, the Q-values in the two scenarios can be compared.
In Table 3, the Q-values for the two scenarios are compared.
[bookmark: _Ref505092967]Table 3: Q-value comparison between Macro and Indoor
	Physical channel/direction
	Q-value [dB]

	
	Macro
	Indoor
	Diff

	DL
	-2.61
	0.42
	3.0

	PUSCH (random resource allocation)
	-1.82
	0.02
	1.8

	PUSCH (averaging of interference)
	2.52
	4.42
	1.9

	Subframe-PUCCH
	-4.11
	-1.72
	2.4

	Slot-SPUCCH
	-2.81
	-1.72
	1.1

	Subslot-SPUCCH
	-1.71
	-1.72
	0.0

	NOTE 1: Agreed values of Q
NOTE 2: Simulated values of Q from Ericsson



As can be seen, the Q-value for the indoor scenarios is significantly higher than the corresponding value for the macro scenario in most cases, especially considering that the SINR values are expected to improve if a more realistic system is modelled (see Proposal 3). 
Since the technical solutions to be specified should be designed for the most challenging scenario, it is not clear to us how the Q-values of the indoor scenario are to be used in the performance evaluation of the work. Considering that the same specification and the same technical solutions will be adopted irrespective of deployment scenario, the most stringent requirement of Q-value (which also is the same used in the self-evaluation towards IMT2020) should be adopted in the performance evaluation.
[bookmark: _Toc505093507][bookmark: _Toc505256637][bookmark: _Toc505592017][bookmark: _Toc505596001][bookmark: _Toc505597555][bookmark: _Toc506533180][bookmark: _Toc506545750][bookmark: _Toc506550018][bookmark: _Toc506558827][bookmark: _Toc506558845]Q-values for the indoor scenario are not considered in the URLLC for LTE work. Instead the more stringent Q-values from the macro scenario can be considered to cover both deployment options.
Assumptions related to link level evaluations
Target requirements
There are currently two target requirements for URLLC for LTE defined, see Table 4. The packet size is also considered part of the target requirement in this context.
[bookmark: _Ref505095722]Table 4: Target requirements
	Case
	Latency bound
	Error probability
	Packet size [bytes]

	1
	1 ms
	1e-5
	32

	2
	10 ms
	1e-4
	32



There have been discussions on whether or not additional packet sizes are to be considered in the work, considering that 32 bytes will not cover all use cases and scenarios. We agree that the current two scenarios will not cover all applications. These should rather be considered two cases used to design URLLC functionality against and that the ITU requirement with a 1ms latency bound (Case 1) can be considered to cover other possible target requirements (others being less stringent). The second requirement (Case 2) is more targeting slot based and subframe based transmission and has a latency bound that allows for more blind transmissions than in the first case, or, more importantly also HARQ retransmissions. In case the packet size is to be increased it should be only for case 2, and in that case, the bigger packet size should replace the 32 bytes.
[bookmark: _Toc505258407][bookmark: _Toc506558838]It is not clear that adding additional payload sizes would provide better coverage of typical URLLC use cases
[bookmark: _Toc505258408][bookmark: _Toc506558839]If additional packet sizes are to be investigated, it should be adopted only for the less stringent requirement with a latency bound of 10 ms, and in that case replace the already agreed 32 bytes
Evaluation scenarios
In the discussion on link level assumptions, a few items remain to be settled.
The following was agreed in the email approval (of which partial aspects are still open):
	Agreement:
	BS RX antenna configuration
	2/4 Rx ports

	UE TX antenna configuration
	FFS:
· 1TX port as baseline, 2 TX ports as optional
or
· 2 TX ports

	UE RX antenna configuration
	2RX ports as baseline, 4RX as optional for 700 Mhz.
FFS for 2 GHz
· 2 RX ports as baseline, 4 RX ports as optional
or
· 4 RX ports



Agreement:
	Modulation and coding rate
	A subset of existing LTE MCS set in Table 7.1.7.1-1 used as baseline. FFS the entries of the subset.
The use of other MCSs with lower code rate is not precluded



Agreement:
The derivation of overall data reliability is down-selected between following options:
Option 1: The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).
Option 2: The reliability of the (S)PPDCCH and PDSCH are evaluated jointly by link level simulation, and independently for other channels. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis).



On the modulation and coding schemes, it would be of benefit to reduce the set for comparison between companies (using the same MCS for simulations) while at the same time allowing a high enough flexibility in the evaluation. As of now the assumption only also refers to the DL MCS set.
It is proposed that the simulation assumptions are updated to use MCS-0,3,6 as baseline with additional MCSs possible to investigate further. The lower MCSs are of most important for the evaluation, using lower modulation scheme and low code rates:
	Modulation and coding rate
	IMCS={0,3,6} (see 3GPP TS 36.213, table 7.1.7.1-1 and table 8.6.1-1) 
The use of other MCSs with lower code rate is not precluded



[bookmark: _Toc505256447][bookmark: _Toc505258411][bookmark: _Toc505592018][bookmark: _Toc505596002][bookmark: _Toc505597556][bookmark: _Toc506533181][bookmark: _Toc506545751][bookmark: _Toc506550019][bookmark: _Toc506558828][bookmark: _Toc506558846]MCS-0, MCS-3 and MCS-6 is used as baseline (from 3GPP TS 36.213, table 7.1.7.1-1 and 8.6.1-1) for performance evaluation, while also lower code rate MCSs can be investigated.
Regarding the antenna elements, it is only the BS Tx antenna elements that have been agreed to be limited to two, and for UE Rx antennas two is agreed as baseline, and four as optional. 
An increased number of antenna elements increases the potential diversity possible and hence is important for services such as URLLC. Taking for example assumptions that the eNB is equipped with 4 Rx antennas and that the UE is capable of transmitting with 2 Tx antennas, will provide a more robust operation and protect the network from inefficient resource usage.
[bookmark: _Toc505256448][bookmark: _Toc505258412][bookmark: _Toc505592019][bookmark: _Toc505596003][bookmark: _Toc505597557][bookmark: _Toc506533182][bookmark: _Toc506545752][bookmark: _Toc506550020][bookmark: _Toc506558829][bookmark: _Toc506558847]A UE Tx antenna element with two polarizations should be considered for evaluation
[bookmark: _Toc505256449][bookmark: _Toc505258413][bookmark: _Toc505592020][bookmark: _Toc505596004][bookmark: _Toc505597558][bookmark: _Toc506533183][bookmark: _Toc506545753][bookmark: _Toc506550021][bookmark: _Toc506558830][bookmark: _Toc506558848]BS Rx sector antennas mapped to 2 antenna panels, each with cross-polarized antenna elements should be considered for evaluation
On the overall reliability, two options have been kept from the email approval round on link simulation assumptions (see above).
In option 1, the error rates per channel are simulated separately. An analytical approach follows to derive the total reliability. It is not clear if this analytical approach is assuming independent errors between the different transmissions. If so, this is a simple approach, but might not well represent the actual performance that would be experienced in the network. Take for example, a transmission and its blind (HARQ-less) repetitions, if these are all considered independent the BLER would not be representative of a non-time variant channel. Also, HARQ repetitions over a short period of time (considering the latency bound of at most 10 ms) would be highly correlated. Is the intention to include these effects in the simulation of each physical channel? 
At the same time, the modelling of the total reliability has to be kept on a reasonable level. It is considered that the control channels are separately analysed but still that a joint probability of the control and data should be analytically calculated. In this calculation, the channel correlation/variations should be captured by at least the data channel, assuming this is limiting the performance and is mostly affected by a correct model of the channel. For more details on the model, see [2].
[bookmark: _Toc505258409][bookmark: _Toc506558840]Assuming independent block errors of all channels when calculating the total reliability, in case of blind repetitions and/or HARQ retransmissions, will overestimate performance
[bookmark: _Toc506558841]Channel variations are important to capture, especially for the data channels simulated
Based on the above, the following is proposed:
[bookmark: _Toc505256450][bookmark: _Toc505258414][bookmark: _Toc505592021][bookmark: _Toc505596005][bookmark: _Toc505597559][bookmark: _Toc506533184][bookmark: _Toc506545754][bookmark: _Toc506550022][bookmark: _Toc506558831][bookmark: _Toc506558849]If using blind repetitions, the data performance is to be captured in the same simulation
[bookmark: _Toc505256451][bookmark: _Toc505258415][bookmark: _Toc505592022][bookmark: _Toc505596006][bookmark: _Toc505597560][bookmark: _Toc506533185][bookmark: _Toc506545755][bookmark: _Toc506550023][bookmark: _Toc506558832][bookmark: _Toc506558850]If using HARQ-based repetitions, the data performance is to be captured in the same simulation
[bookmark: _Toc506533186][bookmark: _Toc506545756][bookmark: _Toc506550024][bookmark: _Toc506558833][bookmark: _Toc506558851] To ease simulation effort, each physical channel can be separately simulated 
[bookmark: _Toc505256453][bookmark: _Toc505258417][bookmark: _Toc505592024][bookmark: _Toc505596008][bookmark: _Toc505597562][bookmark: _Toc506533187][bookmark: _Toc506545757][bookmark: _Toc506550025][bookmark: _Toc506558834][bookmark: _Toc506558852]The analytical approach used to derive the total reliability should be motivated (not always simply assuming uncorrelated error events).

Conclusion
The following is observed based on the discussion in section 2:
Observation 1	It is only the Q-value for PUSCH that is affected by an alternative resource allocation (RA) scheme compared to random RA.
Observation 2	It is reasonable to assume some intelligence in the RA from the network on the UL that averages out the interference experienced in the network
Observation 3	With implementation specific RA algorithms deployed by different companies the spread between Q-values are expected to increase
Observation 4	It is not clear that adding additional payload sizes would provide better coverage of typical URLLC use cases
Observation 5	If additional packet sizes are to be investigated, it should be adopted only for the less stringent requirement with a latency bound of 10 ms, and in that case replace the already agreed 32 bytes
Observation 6	Assuming independent block errors of all channels when calculating the total reliability, in case of blind repetitions and/or HARQ retransmissions, will overestimate performance
Observation 7	Channel variations are important to capture, especially for the data channels simulated

The discussion in section 2 proposes the following:
Proposal 1	Consider adopting a resource allocation scheme for PUSCH in system simulations feature that is based on averaging interference method in the network. The details of the method used left up to each proponent
Proposal 2	Adopt the average Q-value for PUSCH unless there are clear outliers in the set of reported values.
Proposal 3	Adopt a eNB noise figure of 13 dB (and associated power control levels targeting the same SNR) that reflects the typical performance of a local area base station
Proposal 4	Q-values for the indoor scenario are not considered in the URLLC for LTE work. Instead the more stringent Q-values from the macro scenario can be considered to cover both deployment options.
Proposal 5	MCS-0, MCS-3 and MCS-6 is used as baseline (from 3GPP TS 36.213, table 7.1.7.1-1 and 8.6.1-1) for performance evaluation, while also lower code rate MCSs can be investigated.
Proposal 6	A UE Tx antenna element with two polarizations should be considered for evaluation
Proposal 7	BS Rx sector antennas mapped to 2 antenna panels, each with cross-polarized antenna elements should be considered for evaluation
Proposal 8	If using blind repetitions, the data performance is to be captured in the same simulation
Proposal 9	If using HARQ-based repetitions, the data performance is to be captured in the same simulation
Proposal 10	To ease simulation effort, each physical channel can be separately simulated
Proposal 11	The analytical approach used to derive the total reliability should be motivated (not always simply assuming uncorrelated error events).
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