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1 Introduction
This document proposes a discussion on the possible harmonization of requirements for 5G vertical services, with the goal to avoid redundancies in the requirements and to simplify the design and evaluations. Some background for the proposal is shown in [1]. 

[RAN#71-09] Harmonization of verticals (Huawei)

- Discuss possible harmonization of deployment scenario descriptions and KPIs for the different verticals

- Discussion may result in LS to SA1

2 Discussion
5G vertical services often require a special combination of KPIs to be fulfilled together. Examples of such requirements for vertical services proposed for TR 38.913 are:
· eHealth 

· Smart energy

· eV2X
· Wearables 

URLLC verticals

Question 1: should the above use cases be captured individually in TR38.913, or should there be an attempt to harmonize by combining and/or eliminating certain use cases?

	Company
	Response

	Nokia
	It would be beneficial if more generic requirements derived from verticals can be developed so that a harmonized set of requirements (rather than use case specific ones) can be derived

	Ericsson
	We prefer general requirements in TR 38.913, like the general reliability requirement. This does not preclude studies of more specific use cases. 

	Telefónica
	Even if requirements do not need to be associated to specific services, different clusters of requirements may be needed to cover all possible verticals.

	Orange
	We prefer to have as much as possible generic requirements. However, The problem is rather which requirements need to be fulfilled in the same time for a which use case.  These combinations of requirements can be expressed in a more specific way from our perspective, because they are more inherent to the nature of each use case (eHealth robots, eV2X, etc). But of course we need to strive to find as much commonalities as possible to be able to reduce the amount of necessary work

	NTT DOCOMO
	We prefer to have general requirements. As a use case specific requirement, eV2X can be considered as a potential exception, following SA1 input.
This aspect is already captured in the email discussion of [71-03] with the following TP. 

A general URLLC reliability requirement is 1-10-5 for X bytes in 1ms. The data rate is here given by X*8/1ms, e.g.  20*8/1ms = 160kbps for X = 20bytes. 
Use case specific reliability requirements, e.g. for V2X, are FFS.


	CATT
	A general requirement in TR 38.913 is preferred to cover all the requirements of the above scenarios. eV2X can be considered as a separated scenario because it has  different requirements comparing to those of other scenarios.

	Qualcomm
	Same view as above: a generic requirement is preferred. eV2X can be an exception, others are TBD.

	ZTE
	It is suggested to consolidate general requirements for vertical use cases and it does not preclude that some requirements may be only fitted for special cases

	LG
	Though general requirement is preferred, we consider eV2X is different from other URLLC use cases such as eHealth for example in terms of deployment scenario and requirements.


Conclusion on question 1: a majority of companies prefer to consider a generic requirement for URLLC to cover all requirements of other URLLC use cases, except for eV2X and without precluding the study of specific use cases (such as eHealth robots).
Requirements for eHealth surgical robots are already captured in the TR. In general, such combinations of KPIs are built around a reliability target with the addition of targets for user plane latency, user experienced data rate and coverage. The first three combinations of KPIs that fit this classification were proposed to RAN:
· For use cases such as Smart Energy-distribution (Backhaul), the 3GPP system shall support reliability up to [99.99%] with a user plane latency within [1 ms] and user experienced data rates up to [10Mbps] at a maximum range of 10 km.

· For use cases such as Smart Energy-access, the 3GPP system shall support reliability up to [99%] with a [user plane latency] within [1 s] and user experienced data rates up to [1kbps] at a deep indoor coverage [e.g. 20 dB better than Rel-99 GPRS for sensors in basements].

· 3GPP system shall support reliability up to be 1-10-5 within 1ms.for use cases such as eHealth surgical robots operating mainly in very deep indoor environment. This reliability performance shall be supported together with user experienced data rate in the order of [300Mbps].
One could translate the 10 km range of smart energy-distribution (backhaul) use case into a coverage target. Assuming rural macro at 700 MHz as the relevant deployment scenario for this use case, the pathloss would be 136 dB for LoS, and 160 dB for NLoS.
For smart energy-access and for eHealth surgical robots, assuming that “deep indoor” and “very deep indoor” refer to the same target, and assuming this target to be the same as for mMTC, one could also assume a coverage target of 164 dB for smart energy-access and for eHealth surgical robots.
In the email discussion [RAN#71-03] on open issues on scenarios & KPIs, a proposal was made to define a generic reliability requirement for URLLC: 

· A general URLLC reliability requirement of 1-10^-5 for [X] bytes in 1ms (where the data rate is given by X*8/1ms, e.g.  20*8/1ms = 160kbps for X = 20B) 

The three use cases above could be summarized as:

	
	Smart energy-distribution
	Smart energy-access
	eHealth surgical robots
	General URLLC reliability [71-03]

	Scenario
	Rural macro
	?
	?
	?

	Reliability
	99.99%
	99%
	99.999%
	99.999%

	User plane latency
	1 ms
	1 s
	1 ms
	1 ms

	User experienced data rates
	10 Mbps
	1 kbps
	300 Mbps
	160 kbps

	Coverage
	160 dB
	164 dB
	164 dB
	164 dB?


The most stringent requirement is for eHealth surgical robots, with video requiring low user plane latency and high data rate, with the same proposed coverage target as mMTC. RPa160041 referred to 5-10 surgical robots per hospital, several 100s care robots per hospital, which is lower than the mMTC connection density requirement of 1 million devices per km2. So while more bandwidth can be used per robot, this is still a very challenging requirement.

Question 2: should eHealth surgical robots be targeted by 3GPP?

	Company
	Response

	Nokia
	A medical clean room equipped to perform surgical operations should be able to carry some dedicated communication equipment more cost efficiently than equipping the cellular network to provide the required level of service. Generally expecting the same coverage requirement from the ultra-reliable high data rate & low latency use case (eHealth surgical robots in the above table) and low reliability low data rate and high latency use case (smart energy-access) implies that one or the other has not been fully thought of.

	Ericsson
	Yes, implicitly through the general reliability target. We do not see a need for a use case specific requirement in the TR.

Anyway, regarding the proposed use case and scenario:

- It is not clear that the datarate and latency apply in the same direction

- Why could the robot be deep indoors and supported by an outdoor network (164dB coupling loss)?

- On the feasibility, with an (ideal) Eb/No requirement of -1.6dB, and a noise figure of 9dB we need an energy per received information bit of 2.2e-20J. With 164dB coupling loss we need to transmit 0.55mJ per bit. For 300Mbps we then need a transmit power of 165kW. If the calculation is correct, this seems very high and quite difficult.

	Telefonica
	Agree with Ericsson that there is no need for a use case specific requirement in the TR, but taking into account that different clusters of requirements may be needed, each one covering multiple scenarios

	Orange
	From our perspective, yes 3GPP should try to deliver the eHealth robot scenario. The combination of requirements necessary to be fulfilled for the UL would be different for the DL. The Video service is required in the UL direction while in the DL direction it is understood that only throughput necessary to control the movements of the robot (operation) would be required with a fairly low data rate. 

The requirement for an outdoor coverage was considered because that’s the most cost efficient one. Of course if this seen as being impossible to reach then one could envisage deployments of dedicated infrastructure closer to the end user. But that’s of course something that is an extra deployment constraint which was considered in the past for some non 3GPP IoT solutions but revealed to be not very attractive for deployment (use of concentrators, repeaters, etc). But of course we believe that one of the output of the study is to day what max MCl would be reasonably possible to achieve. 

But clearly if we can cover these use cases with an outdoor cell from the operator network this would make the use case more cost efficient and the technology more attractive. 

	NTT DOCOMO
	eHealth could be covered by general requirement. Regarding the feasibility of data rate and coverage target of eHealth, we agree with Ericsson. Data rate and associated latency requirement should be clarified considering video latency, e.g., frame latency and decoder latency. Therefore intended video resolution, frame rate and video codec need to be clarified for better understanding. If video latency is order of 10 ms, U-plane latency requirement of 1 ms may not be justified.

	CATT
	The eHealth surgical robots scenario is an individual use case. The extreme requirements of 300Mbps + 1ms + 99.999% in a specific scenario might be supported by the NR network operator but not a common requirement of 5G cellular system.

	Qualcomm
	The specific use case and assumptions (e.g. UL/DL data rate) do not seem not very relevant/convincing, also on our side. Eventually we are ok to cover eHealth under generic URLLC requirements for the time being.

	ZTE
	There are some comments for this use case:

1. It is a very challenge to let eHealth surgical robots work with high reliability and low latency in un-licenced band. As to licensed band, 3GPP 5G system may be better choice.

2. Why could not the robots be supported by indoor cell? 

3. It is also suggested to clarify that why the eHealth surgical robots need coverage like smart energy-access.

	LG
	Though we consider different data rate with high reliability can be considered for eHealth robot, it is not yet very clear why outdoor scenario should be considered for this case. Regarding the coverage in general, we are not clear why URLLC use cases require so stringent coverage target. 


Conclusion on question 2: a majority of companies expressed concerns about the relevance of serving indoor eHealth robots from outdoor base stations, and on the feasibility of such requirements. A majority of companies responded that other eHealth requirements can be covered by the generic URLLC requirement.
Question 3: can smart energy-distribution and
smart energy-access use cases be covered by the generic URLLC reliability requirement?

	Company
	Response

	Nokia
	Smart energy-access does not appear to be neither ultra-reliable (99%) nor low latency (1s) use case, and as such is not in the right place, but it is interesting to note that for other use cases the same or similar coverage is expected for very different latency, data rate and reliability level.
Smart energy-distribution should be covered by generic URLLC reliability requirement

	Ericsson
	Yes, we do not see a need for use case-specific requirements in the TR 

	Telefonica
	It will depend on the required reliability and latency requirements , but again no need for specific match for a single scenario

	Orange
	We have in our contributions proposed to consider rather the eHealth scenario for the URLLC requirement. But the system should be scalable to deliver less stringent services  

	NTT DOCOMO
	Agree with Nokia.

	CATT
	Yes, It can be covered by generic URLLC requirements.

	Qualcomm
	Smart energy-distribution may be covered by generic URLLC reqs, though few assumptions (e.g. UL/DL data rate) may need further discussion        

Smart energy-access, as said above, may not fit under URLLC

	ZTE
	Smart energy-distribution should be in the URLLC.

Smart energy-access should not be in the URLLC family. It is suggested in mMTC.

	LG
	Smart energy-access may not be part of URLLC family. We are not clear the motivation of making smart energy-access as a part of URLLC. 


Conclusion on question 3: a majority of companies responded that smart energy-distribution and smart energy-access use cases can be covered by the generic URLLC reliability requirement.
Automotive use cases
The combination of KPIs for eV2X is:
· Communication availability and resilience for eV2X can be evaluated by the success probability of transmitting [X] bytes with user plane latency requirement (7.5) of [TBD] msec at a certain communication range (e.g., 500 meters), and a latency for infrequent small packets (7.6) within [TBD] ms.
· The scenarios are Highway and Urban Grid for Connected Car

For V2V in urban environment at 5.9 GHz, the pathloss of 500m is 122dB for LoS and 155dB for NLoS. For 300m coverage the path loss is 114dB for LoS and 144dB for NLoS. 150~160dB could be the target range for eV2X coverage. Given that SA1 has just approved a study for eV2X, RAN will have to take into account the targets to be defined by SA1 and therefore not attempt harmonizing V2X targets for 5G with other 5G verticals services.

Draft Proposal 2: It is recommended not to harmonize V2X targets for 5G with other 5G vertical requirements. RAN will need to consider SA1 eV2X targets.

	Company
	Response

	Nokia
	Support proposal 2, V2X is a special case of verticals with different access solutions needed for it, and hence dedicated requirements can be developed for it

	Ericsson
	OK not to harmonize

	Orange
	yers but eV2X is not the only one exception. There are other use cases with stringent combinations of requirements which might not be necessarily fully harmonized with generic independent requirements

	NTT DOCOMO
	Support to have a separate requirement(s) for eV2X. As eV2X will be a package of use cases for automotive, further break down is necessary after eV2X study in SA1.

	CATT
	We support to study eV2X as an individual case.

	Qualcomm
	Same view as above: ok with the proposal not to harmonize

	ZTE
	Key requirements in V2X e.g. low latency, use experiment data rate, massive connection will overlap with requirements in URLLC, eMBB, mMTC. Proposal2 is OK.  

	LG
	We agree that eV2X should be treated independently from other scenarios, as the key requirements are somewhat different from other URLLC use cases. As mentioned by ZTE, eV2X requires low latency, massive connectivity, high data rate and also high reliability. 


Conclusion on the draft proposal 2: all companies agreed to recommend not harmonizing V2X targets for 5G with other 5G vertical requirements.
mMTC verticals
For mMTC vertical use cases, several proposals targeted battery life assuming certain traffic characteristics:
· For Fixed Autonomous reporting mMTC (e.g. utility meters), UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of [200 bytes] UL per day followed by [20 bytes] DL from MCL of [164] dB, assuming a stored energy capacity of [5Wh].

· [Target battery life for Fixed Autonomous reporting mMTC: 3V, 1.7Ah, 0.1C discharge rate / 15 years]

· For wearable mMTC, UE battery life shall be based on activity within the normal coverage region of the cell with activity consisting of [15000 bytes] UL transfer and [200 bytes] DL transfer per [10 minutes], assuming a [3V 200mAh] battery. The mMTC device is mobile and can operate at typical speeds of 0 km/h, 10 km/h and 500 km/h (when in a vehicle). The wearable mMTC device can be connected directly to the network or relayed (e.g. via a smartphone).

· [Target battery life for Wearable mMTC: 3V, 200 mAh, 1C discharge rate / 2 weeks]

· [Target battery life for Wearable mMTC: 3V, 500 mAh, 1C discharge rate / 4 weeks]
The two use cases above could be summarized as below, showing that some information is missing for these use cases, in particular the coverage requirements for wearable MTC. If coverage for wearable devices is not particularly challenging then this use case would mainly be targeting requirements for battery life. Fixed autonomous reporting mMTC may be considered as one category of devices included in the connection density target of 1 million/km2.
	
	Fixed Autonomous reporting mMTC (e.g. utility meters)
	wearable mMTC
(including mobility up to 500 km/h)

	Scenario
	?
	?

	Coverage
	164 dB
	?

	Stored energy capacity
	5Wh
	1.5Wh

	Battery life
	15 years = 780 weeks
	4 weeks

	DL
	20B per day (1440 minutes)
	200B per 10 minutes

	UL
	200B per day (1440 minutes)
	15kB per 10 minutes


Draft Proposal 3: consider the requirements for fixed autonomous reporting along with the massive connection density requirements. Requirements for wearable MTC should not be tied to the connection density requirement. Consider battery life requirements separately from the harmonization of verticals (to be discussed in 71-03).
	Company
	Response

	Nokia
	Support proposal 3 above

	Ericsson
	OK to consider battery life in 71-03

	Telefonica
	First proposal supported 

	Orange 
	Battery life is discussed within 71-03. But we still have a strong point against limiting the requirement to 10 years

	NTT DOCOMO
	Fine to follow the outcome of 71-03. Please note that latest way forward in 71-03 is as follows. Note 1 is added.
Proposed Text:
UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of [TBD bytes] 200 bytes UL per day followed by [TBD bytes] 20 bytes DL from MCL of [TBD] 164 dB, assuming a stored energy capacity of [TBD] 5Wh.
The target for UE battery life should be beyond 10 years, e.g., 15 years is desirable.

NOTE 1: In case beyond 10 years is not reachable without relaxing the other operating point assumptions, the 10 year requirement should apply.

	CATT
	Agree with above proposal 3.

	Qualcomm
	Ok with the specific proposal. 

Few details on assumptions and KPI targets for Wearables may need further discussion

	LG
	Generally, we think that massive connectivity can be firstly evaluated with fixed autonomous mMTC devices. For wearable mMTC, further details seem necessary before we agree to the proposal. 

	Huawei
	It should be noted that after Docomo’s input to this email discussion, more feedback was received on the proposed target for UE battery life in email discussion [71-03].


Conclusion on draft proposal 3: all companies agreed to consider the requirements for fixed autonomous reporting along with the massive connection density requirements. Consider battery life requirements separately from the harmonization of verticals (to be discussed in 71-03).
Latency for infrequent small packets for mMTC verticals
Vodafone proposed to finalize the requirement on the latency for infrequency small packets as part of this email discussion. The relevance here (and the main reason it was proposed by Vodafone in NGMN) is that in C-IoT work there was a latency bound (see TR45.820 section 7.3.6.3), which was measured at the maximum MCL (164dB) using analytical approach for MAR exception reports.

The NGMN LS received at RAN#71 (RP-160020) suggested the requirements in the table below, and if we take the packet size from the analytical analysis in 3GPP TR45.820 we would use a 20 byte application packet (with uncompressed IP header => 105 bytes physical layer). The requirement from TR45.820 was to beat 10 seconds for event driven reports at MCL = 164dB, which seems to be achievable both from NB-CIoT and NB-IoT. So in particular for mMTC we would like to finalise some values for “Latency for infrequent small packets” at RAN#72, so would assume that X = <10 secs, and Y = 20 bytes (for uncompressed IP) should be achievable, and would appreciate feedback on the final values as part of this current email discussion.
	Latency for infrequent small packets
	For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most “battery efficient” state. 
	X ms for ≤Y bytes application layer packet size
For mMTC extreme coverage and extreme battery life: X = [10000], Y = [TBD]

For other use cases

X = [10], Y = [TBD]
	Analytical
	This requirement shall be evaluated for at least when the device is operating in a scenario where extreme battery life and extreme coverage requirements also need to be simultaneously met.
FFS: Reasonable assumptions about retransmissions, HARQ probability, etc. in analytical evaluations.


Comment from Nokia: the “smart energy-access” appears very similar, but with 10x tougher requirement for latency. I would also tend to think that for smart energy access, 10 s upper bound for one message is better than e.g. the 1 s upper bound characterized by user experienced data rate (averaged over the 1 s duration?)

Comment from Ericsson: we support a delay of 10s for uplink, for which the requirement applies since the ingress point is in the mobile and the egress point is in the RAN. A picky comment while discussing this requirement, wouldn’t the most battery efficient state be detached or power off? Perhaps the wording ‘its most “battery efficient” state’, could be replaced by ‘a “battery efficient” state’? 
Response from Vodafone: Probably the main point with the “most” is that we assume that the UE has totally shut down and needs to re-sync when it wakes up. So this isn’t like a normal IDLE mode DRX phase.

Comment from Huawei: a powered-off device would be unlikely to receive transmissions requests from its application layer, so the most efficient battery state should implicitly be understood not to be power off, but a power-saving state.
Conclusion on the discussion on latency for infrequent small packets for mMTC verticals: companies agree that a target of latency no worse than 10 seconds can be considered, as applicable to the uplink.
3 Conclusion
A number of questions were asked to companies on the vertical use cases.
Question 1 on URLLC verticals: should the above use cases be captured individually in TR38.913, or should there be an attempt to harmonize by combining and/or eliminating certain use cases?
Conclusion on question 1: a majority of companies prefer to consider a generic requirement for URLLC to cover all requirements of other URLLC use cases, except for eV2X and without precluding the study of specific use cases (such as eHealth robots).

Question 2: should eHealth surgical robots be targeted by 3GPP?
Conclusion on question 2: a majority of companies expressed concerns about the relevance of serving indoor eHealth robots from outdoor base stations, and on the feasibility of such requirements. A majority of companies responded that other eHealth requirements can be covered by the generic URLLC requirement.

Question 3: can smart energy-distribution and
smart energy-access use cases be covered by the generic URLLC reliability requirement?
Conclusion on question 3: a majority of companies responded that smart energy-distribution and smart energy-access use cases can be covered by the generic URLLC reliability requirement.

Proposal 1: The combinations of KPIs for verticals URLLC use cases in TR.38.913 are covered by the generic URLLC reliability requirement proposed as outcome of email discussion [71-03].

Proposal 2: It is recommended not to harmonize V2X targets for 5G with other 5G vertical requirements. RAN will need to consider SA1 eV2X targets.
Proposal 3: Consider the requirements for fixed autonomous reporting to be part of the massive connection density requirements.
Note that battery life requirements are proposed separately from the harmonization of verticals, as outcome of email discussion [71-03].
On the discussion on latency for infrequent small packets for mMTC verticals, companies agree that a target of latency no worse than 10 seconds can be considered, as applicable to the uplink.
Proposal 4: Approve the text proposal for section 7.6 “Latency for infrequent small packets”.

Proposal 5: Document combinations of KPIs proposed for vertical use cases in an informative annex of TR38.913
4 Text Proposal for TR38.913
-------------------------------------------------- BEGIN TEXT PROPOSAL 1 ------------------------------------------------------
7.6
Latency for infrequent small packets

For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state.

For the definition above, the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum MCL (164dB).

[Editor’s notes: Detailed definition to be discussed.]
------------------------------------------------- END TEXT PROPOSAL 1 ----------------------------------------------------------

5 Text Proposal for Annex of TR38.913
-------------------------------------------------- BEGIN TEXT PROPOSAL 2 ------------------------------------------------------
The following tables present combinations of KPIs proposed for vertical use cases. The feasibility of such combinations of KPIs has not been assessed by RAN.
	
	Smart energy-distribution
	Smart energy-access
	eHealth surgical robots
	General URLLC reliability [71-03]

	Scenario
	Rural macro
	?
	?
Service from outdoor base stations to indoor robots
	?

	Reliability
	99.99%
	99%
	99.999%
	99.999%

	User plane latency
	1 ms
	1 s
	1 ms
	1 ms

	User experienced data rates
	10 Mbps
	1 kbps
	300 Mbps
	160 kbps

	Coverage
	160 dB
	164 dB
	164 dB
	164 dB?


	 
	CITY
	INDUSTRY
	MARKETING
	SECURITY

	Scenario
	Traffic lights
	Sound/Video  processing (AI) 

belts monitoring
	Public Space Advertising (4k)
	Access control / Locks

	Reliability
	99.999%
	99.99%
	99.5%
	99.99%

	User plane latency
	1 ms
	10 ms
	300 ms
	1 ms

	User experienced data rates
	160 kbps
	150MB/s
	300 MB/s 
	160 kbps

	Coverage
	164 dB
	160 dB
	164 dB
	164 dB?


	 
	Public Safety
	Mobility
	Mobility 
	SMART CiTY 

	Scenario
	Domestic Violence Deterrence 
Correctional Facility Security 
	Connected train 
	Connected Tollgates (200km/h)
	Tourism with virtual reality

	Reliability
	99.999%
	99.99%
	99.9%
	99.5%

	User plane latency
	1 s
	1 ms
	1 ms
	1 ms

	User experienced data rates
	10 Mbps
	150MB/s
	160 kbps 
	300 MB/s

	Coverage
	164 dB
	160 dB
	164 dB
	164 dB?


 

------------------------------------------------- END TEXT PROPOSAL 2 ----------------------------------------------------------
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