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1 Introduction
In this document, the need for and implementation solutions for transmission reliability for NB-IOT are discussed. 
2 Discussion
2.1 HARQ
Hybrid ARQ in LTE is used for the following:
a)  To dynamically send more or less redundancy as the channel quality varies. 
b)  To achieve transmission reliability sufficient for UDP applications, conversational media applications etc. 
By HARQ the transmission reliability for PUSCH/PDSCH can be high by using a high number of transmissions. The transmission reliability limit is instead set by the reliability of the HARQ signaling and the likelihood of a NACK to ACK misinterpretation. LTE assumptions gives a HARQ min loss probability of around 10^^-3 at cell edge high load radio conditions.
We assume that for NB-IOT the loss probability for HARQ will not be significantly better than for LTE, because making the HARQ signaling very robust will be costly in terms of additional redundancy, and such cost would need to be applied to all transmissions. 

Proposal 1: We assume that HARQ loss requirements should not be more stringent than for LTE, i.e. loss rate 10^^-3. This may need to be verified by RAN1, 
2.2 Control Plane Transmission Reliability
LTE RRC is built on the assumption that lower layer Packet Error Loss Rate (PELR) is 10^^-6 or better (lower). This means that LTE RRC has no functions dedicated to handle message loss. 
Currently, inconsistencies due to lost signaling have unspecified side-effects, is assumed to be handled by smart eNB implementations, but may in the worst case warrant the need for the user to manually restart the device or for NAS timers to resolve the issue. 

For M2M, as there is no user that can manually intervene, control plane robustness may be even more important than for regular LTE. 
Proposal 2: Transmission robustness for RRC should be at least as high as for LTE, with PELR of 10^^-6

2.3 User Plane Transmission Reliability

Regular reporting of M2M data in most cases, e.g. for metering applications, would not require extreme reliability. Probably PELR in the range of 10^^-3 would be ok. 
Cases such as Alarms or Management actions would likely require high reliability, e.g. if a Machine management center manages 100 000 devices or more also quite low failure ratios becomes a significant annoyance.
We note that although TCP/IP provides transmission robustness there is also a requirement to support non-IP transmission, and we assume that the requirements and use cases is the same also in the non-IP cases. 
We further note that For LTE, a) to support efficient TCP, b) to support higher layer control, such as IMS, PELR of 10^^-6 is supported, see appendix. 

Proposal 3: It shall be possible to support transmission robustness of up to 10^^-6 for the user plane. 
2.4 Implementation
We assume that HARQ shall not be used to achieve high reliability, see proposal 1. 
Proposal 4: ARQ mechanism above HARQ shall be supported to achieve high reliability. 
As the requirements for RRC and user plane tentatively seems similar it would make sense to use a common protocol, i.e. RLC-AM as in LTE. 
Proposal 5: RLC-AM shall be supported, both for CP and UP. 

However, for the current RLC-AM we observe the following behaviour: 
·  For CP, a SR is triggered immediately after each message (a typical configuration).
·  For UP, we assume that in many cases all Data is transmitted in one RLC PDU, which will immediately or eventually trigger a SR. 
Thus, adding the RLC feedback / the RLC status reports to the baseline transmissions, the number of transmissions is approximately doubled.
To save battery, and the overhead of many small transmissions, it should be possible to avoid many of these separate transmissions by transmitting RLC status reports together with other transmissions. Such enhancement could be complementary to the current RLC-AM implementations. Thus, it should be possible to address this shortcoming with limited impact on RLC. 
Proposal 6: RLC-AM shall be enhanced, to reduce the number of transmissions cause by status reports in typical m2m cases. 

Proposal 7: Status Reports shall to great extent be sent together with other transmissions. 
3 Conclusions
Proposal 1: We assume that HARQ loss requirements should not be more stringent than for LTE, i.e. loss rate 10^^-3. This may need to be verified by RAN1, 

Proposal 2: Transmission robustness for RRC should be at least as high as for LTE, with PELR of 10^^-6

Proposal 3: It shall be possible to support transmission robustness of up to 10^^-6 for the user plane. 

Proposal 4: ARQ mechanism above HARQ shall be supported to achieve high reliability. 

Proposal 5: RLC-AM shall be supported, both for CP and UP. 

Proposal 6: RLC-AM shall be enhanced, to reduce the number of transmissions in typical m2m cases. 

Proposal 7: Status Reports shall to great extent be sent together with other transmissions. 

4 Annex, Standardized QCIs from TS 23.203 v13.5.1
Standardized QCI characteristics

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 3, NOTE 9)
	
	0.7
	75 ms
(NOTE 7,
NOTE 8)
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 3)
	
	
2
	100 ms
(NOTE 1,
NOTE 10)
	
10-2
	Non-Mission-Critical user plane Push To Talk voice

	5
(NOTE 3)
	
	1
	100 ms
(NOTE 1, NOTE 10)
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
(NOTE 1, NOTE 10)
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
(NOTE 1, NOTE 10)
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	
300 ms
(NOTE 1)
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	69
(NOTE 3, NOTE 9)
	
	0.5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 4)
	
	5.5
	200 ms
(NOTE 7, NOTE 10)
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.

NOTE 2:
The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio interface between a UE and radio base station.

NOTE 3:
This QCI is typically associated with an operator controlled service, i.e., a service where the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. In case of E-UTRAN this is the point in time when a corresponding dedicated EPS bearer is established / modified.

NOTE 4:
If the network supports Multimedia Priority Services (MPS) then this QCI could be used for the prioritization of non real-time data (i.e. most typically TCP-based services/applications) of MPS subscribers.

NOTE 5:
This QCI could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / subscriber group. Also in this case, the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. Alternatively, this QCI could be used for the default bearer of a UE/PDN for "premium subscribers".

NOTE 6:
This QCI is typically used for the default bearer of a UE/PDN for non privileged subscribers. Note that AMBR can be used as a "tool" to provide subscriber differentiation between subscriber groups connected to the same PDN with the same QCI on the default bearer.

NOTE 7:
For Mission Critical services, it may be assumed that the PCEF is located "close" to the radio base station (roughly 10 ms) and is not normally used in a long distance, home routed roaming situation. Hence delay of 10 ms for the delay between a PCEF and a radio base station should be subtracted from this PDB to derive the packet delay budget that applies to the radio interface.

NOTE 8:
In both RRC Idle and RRC Connected mode, the PDB requirement for these QCIs can be relaxed (but not to a value greater than 320 ms) for the first packet(s) in a downlink data or signalling burst in order to permit reasonable battery saving (DRX) techniques.

NOTE 9:
It is expected that QCI-65 and QCI-69 are used together to provide Mission Critical Push to Talk service (e.g., QCI-5 is not used for signalling for the bearer that utilizes QCI-65 as user plane bearer). It is expected that the amount of traffic per UE will be similar or less compared to the IMS signalling.

NOTE 10:
In both RRC Idle and RRC Connected mode, the PDB requirement for these QCIs can be relaxed for the first packet(s) in a downlink data or signalling burst in order to permit battery saving (DRX) techniques.

NOTE 11:
In RRC Idle mode, the PDB requirement for these QCIs can be relaxed for the first packet(s) in a downlink data or signalling burst in order to permit battery saving (DRX) techniques.
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