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1 Introduction
In the last RAN#71 meeting, [1] was agreed. A group of scenarios and key performance indicators were defined. This contribution focuses on identifying the challenges for NR to fulfil the requirements set for the following key performance indicators: user plane latency, control plane latency and latency for infrequent small packets and suggests solution directions.  
2 Discussion
NR is envisaged to support diverse families of usage scenarios and applications including eMBB, mMTC, URLLC and V2X [1]. 
2.1 User plane latency

In [1], the user plane latency is defined as a key performance indicator for NR and the target values are:

· For URLLC, 0.5ms for UL, and 0.5ms for DL;
· For eMBB, 4ms for UL, and 4ms for DL.
These requirements need to be satisfied at all times, i.e. including when data transmission is not ongoing. In the case of a LTE UE in RRC_CONNECTED, all the steps illustrated in figure 1 below could be needed.
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Figure 1 LTE UL data transmission without valid PUCCH/PUSCH resource

For NR, assuming the TTI would be smaller than for LTE, e.g. 0.5ms or 0.1ms, considering that RACH resources are allocated at every TTI (may not always be possible), the UL latency could be evaluated as in table 1 (processing delay is assumed to be scaled down like TTI ).

	Component
	Description
	Delay based on 0.5ms TTI

[ms]
	Delay based on 0.1ms TTI

[ms]

	1
	Average delay due to RACH scheduling period
	0.25
	0.05

	2
	RACH Preamble
	 0.5
	0.1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	1.5
	0.3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of MAC PDU with BSR)
	2.5
	0.5

	6
	Transmission of MAC PDU with BSR
	0.5
	0.1

	7
	L2 Processing delay in eNB 
	0.75
	0.2

	8
	UL grant over PDCCH
	0.5
	0.1

	9
	L2 Processing delay in the UE 
	0.75
	0.2

	10
	Transmission of MAC data PDU
	0.5
	0.1

	11
	L2 processing delay in the eNB
	0.75
	0.2

	
	Total delay [ms]
	8.25
	1.9


Table 1: UL latency based on short TTI
In principle, LTE scaled with 0.1ms could allow fulfilling eMBB latency requirements, but clearly not URLLC requirements.
Observation 1: If 0.1ms TTI is feasible for NR, in the case there is no need for retransmissions, it should be possible to meet UL latency requirement for eMBB with a procedure including RACH, BSR and grant allocation.

Observation 2: Even with 0.1ms TTI and RACH resources allocated at every TTI, UL latency requirement for URLLC cannot be met with a procedure including RACH, BSR and grant allocation.

2.2 Control plane latency
In [1], the control plane latency is defined as the time "to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE)". The target for the control plane latency for all scenarios is 10ms. In the case of LTE until Rel-12, the latency to move from RRC_IDLE to RRC_CONNECTED was evaluated to a much larger value, but in Rel-13, signalling optimizations brought from NB-IoT work could reduce this latency. In addition, usage of smaller TTI would also reduce it further. To have an idea of what could be feasible, it seems interesting to consider which control plane latency could be achieved using solutions similar to the ones developed for NB-IoT, also taking into account a reduced TTI value.

Figure 2 illustrates small packet transmission using Rel-13 NB-IoT CP solution. Table 2 shows the latency based on such mechanism for UL data PDU transmission according to TR36.912. Figure 3 illustrates connection resume procedure for Rel-13 NB-IoT UP solution, the delay was showed in table 2 if X2 context fetch need to be performed before UE could transmit UL data.
Processing delay is assumed proportional to LTE when TTI is reduced. For 0.1ms TTI, more processing delay may be required. The access delay due to RACH scheduling period assumes a PRACH allocation in each TTI which may not be feasible in all instances.
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Figure 2: NB-IoT CP solution for small packet transmission
	Component
	Description
	Delay based on 0.5ms TTI

[ms]
	Delay based on 0.1ms TTI

[ms]

	1
	Average delay due to RACH scheduling period
	0.25
	0.05

	2
	RACH Preamble
	 0.5
	0.1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	1.5
	0.3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	2.5
	0.5

	6
	Transmission of RRC Connection Request
	0.5
	0.1

	7
	Processing delay in eNB (L2 and RRC)
	2
	0.4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	0.5
	0.1

	9
	Processing delay in the UE (L2 and RRC)
	7.5
	1.5

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	0.5
	0.1

	
	Total delay [ms]
	15.75
	3.15


Table 2: Latency of UL infrequent small packet based on NB-IoT CP solution together with short TTI
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Figure 3: NB-IoT UP solution for RRC connection resume procedure

	Component
	Description
	Delay based on 0.5ms TTI

[ms]
	Delay based on 0.1ms TTI

[ms]

	1
	Average delay due to RACH scheduling period
	0.25
	0.05

	2
	RACH Preamble
	 0.5
	0.1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	1.5
	0.3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5
	0.5

	6
	Transmission of RRC Connection Resume Request
	0.5
	0.1

	7
	Processing delay in eNB (L2 and RRC)
	2
	0.4

	8
	X2-C Transfer delay
	X
	X

	9
	Processing delay in eNB (L2 and RRC)
	2
	0.4

	10
	X2-C Transfer delay
	X
	X

	11
	Processing delay in eNB (L2 and RRC)
	2
	0.4

	12
	Transmission of RRC Connection Set-up (and UL grant)
	0.5
	0.1

	13
	Processing delay in the UE (L2 and RRC)
	7.5
	1.5

	
	Total delay [ms]
	19.25 +2X
	3.85 + 2X


Table 3: control plan latency based on NB-IoT UP solution with context fetch together with short TTI

Considering solutions like for NB-IoT, the CP latency requirement for NR cannot be fulfilled with 0.5 ms TTI even with RACH transmission opportunities at every TTI. With 0.1ms TTI, the CP latency requirement for NR could be met with a similar procedure like NB-IoT CP solution. With a procedure like NB-IoT UP solution, the CP latency requirement for NB could be met with inter-RAN node signalling delay ("X2NR") less than 3ms. If RACH resources are not available every TTI but e.g. every 10 to 20 TTI, the "X2NR" delay should rather be at most 1ms. 

Observation 3: With 0.1ms TTI, CP latency requirement for NR could be met with a procedure similar to NB-IoT CP or UP solution. Meeting this requirement with a procedure similar to NB-IoT UP solution could be challenging.

2.3 Latency for infrequent small packets
In [1], although no target value is currently defined, latency of infrequent small packets is a key performance indicator applying to all NR scenarios (eMBB, mMTC, URLLC). MTC is characterized by a very large number of connected devices typically each transmitting a relatively low volume of data. These devices are required to be low cost, and have a very long battery life [2]. MBB service is similar like current PS services supported by LTE which include video, voice, social network services etc. For certain MBB services, there are small packets transmitted rather infrequently e.g. uplink heartbeat packets for client-server services. URLLC is characterized as services that require ultra low latency and high reliability like sensor or monitoring devices, which may include infrequent transmissions mainly consisting in small packets such as control traffic or alarm indication.

If data packets are coming infrequently, there are significant chances that, before transmitting an uplink packet, the UE first needs "to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE)" which is defined as the "Control plane latency" in [1].

Remark 1: In UL, latency for infrequent small packet transmission includes CP latency.

In the case of NB-IoT CP solution, the control plane establishment includes data transmission, so the "latency for infrequent small packets" is the same as the control plane latency, i.e. 3.15ms. However, if RACH resources are not allocated at every TTI but only frequently enough in order to keep the control plane latency at 10ms, the latency of infrequent small packets could also be up to 10ms.
Observation 4: With 0.1ms TTI, latency for infrequent small packet in uplink is at least 3.15ms using NB-IoT CP solution, but more if there are retransmissions or if RACH resources are not available at every TTI (in which case it could be up to acceptable control plane latency, i.e. 10ms).
In the case of NB-IoT UP solution, what is missing after the RRC connection resumed is BSR transmission, uplink grant transmission and actual data transmissions. According to the above evaluations, it would be 4.75ms + 2X where X is the transmission delay between nodes. As observed before, this would be more if RACH resources are not available at every TTI or if there are some retransmissions.
2.4 Overhead of infrequent small packet transmission

For infrequent small packets, another aspect is the signalling overhead. 
When considering current LTE procedures for data transmission for above scenarios, overhead is significant as a couple of NAS, RRC and L1/2 signalling messages are needed in order to transmit a small packet. It would not be possible to keep all UEs in RRC_CONNECTED with dedicated PUCCH to transmit SR. Table 4 captures the amount of signalling required for completing each uplink data transmission in the cases of procedures considered in sections 2.1 and 2.2. The overhead is calculated based on TR 36.822. If "small packets" are 100 bytes long, the extra amount of bytes at MAC layer for the associated signalling is increased by up tp 80%. It is unlikely that L1 resources taken are increased in steps of 1 byte of data at MAC layer, so this would effectively take more radio resources
	Use case
	Number of signalling messages on the radio interface (L1/L2/L3)
	Total MAC PDU size for signalling in bytes
	Number of signalling messages on S1/X2 interface

	Uplink small packet transmission from RRC_IDLE with NB-IoT CP solution
	7
	85
	2

	Uplink small packet transmission from RRC_IDLE with NB-IoT UP solution
	5
	35
	5

	Uplink small packet transmission from RRC_CONNECTED (with RACH and BSR reporting)
	4
	16
	NA


Table 4 signaling overhead analysis
In the case of incoming DL data, a set of NAS/RRC/L2/L1 signalling message is also necessary so that the UE is ready to receive DL data, and this amount is the same regardless whether the data to be transmitted is small or not. 
In the massive MTC scenario, connection density of 1 000 000 device/km2 in urban environment should be supported [1]. If devices and time of data transmission are distributed uniformly and each device transmits one packet per hour, there will be on average around 278 packets per second per km2, i.e. around 750 packets per second per cell if ISD is 1732m as captured in [1].  Even if the UE would be in RRC_CONNECTED, transmitting 4 messages instead of 1 means 3000 messages per second.
Similarly, for DL data arrival case, large quantity of signalling will be generated due to massive number of devices and multiple signalling messages for one transmission.

Observation 5: Given the connection density that should be supported, the signalling overhead of infrequent small packet transmission could impact system capacity.
2.5 Energy efficiency

As described above, multiple signalling messages are needed in order to transmit only one small data, i.e. the energy efficient for infrequent small packet transmission e.g. for MTC devices could be largely improved. For devices where most of the traffic is infrequent small packets, transmitting a single message for each infrequent small packet rather than e.g. 4 or 35 messages every time could have a major impact on battery life.
Observation 6: For MTC devices where most of the traffic could be infrequent small packets, the battery life could be largely improved by reducing the signalling overhead for infrequent small packets.
2.6 Possible solution direction
From above analysis, we see that achieving low latency and low overhead for infrequent small packet transmission is a real challenge. Ideally, there would be a solution which allows transmitting immediately small packets from the UE. Immediate transmission requires that the network permits the UE to do uplink transmission with minimum or without prior signalling in order to save latency, radio resources and UE battery. Considering the LTE procedure as an example, we need to consider:

· reducing or eliminating the random access procedure required to access the system when a UE is in energy-saving state (e.g. idle)

· reducing or eliminating the dynamic scheduling request and grant assignment procedure before a UE can transmit uplink data or if a UE is not configured with a PUCCH (or a similar mechanism as PUCCH) when it is in the connected state

In order to enable immediate transmission in energy-saving state, a state needs to be considered in which it is possible to transmit small packets almost directly.
In SA2, several companies already suggested a new state in NR [6][7], where the network has some AS context for the UE but mobility does not use a full handover procedure. The RRC suspend/resume mechanism in NB-IoT is similar, as well as the Rel-14 WI on Light Connection. So the model using a new state or new mode is already looked at in many different settings.

Proposal: For NR, study the support of 
-
a low power consumption state where the UE can be served without re-establishing AS context;

-
uplink infrequent small packet transmission without the need to first perform random access and/or dynamically request to be scheduled and a grant to be allocated. 
3 Conclusion

This contribution discusses the scenario and key performance challenge for low latency small packet transmission in 5G system. 
Observation 1: If 0.1ms TTI is feasible for NR, in the case there is no need for retransmissions, it should be possible to meet UL latency requirement for eMBB with a procedure including RACH, BSR and grant allocation.

Observation 2: Even with 0.1ms TTI and RACH resources allocated at every TTI, UL latency requirement for URLLC cannot be met with a procedure including RACH, BSR and grant allocation.
Observation 3: With 0.1ms TTI, CP latency requirement for NR could be met with a procedure similar to NB-IoT CP or UP solution. Meeting this requirement with a procedure similar to NB-IoT UP solution could be challenging.

Observation 4: With 0.1ms TTI, latency for infrequent small packet in uplink is at least 3.15ms using NB-IoT CP solution, but more if there are retransmissions or if RACH resources are not available at every TTI (in which case it could be up to acceptable control plane latency, i.e. 10ms).
Observation 5: Given the connection density that should be supported, the signalling overhead of infrequent small packet transmission could impact system capacity..
Observation 6: For MTC devices where most of the traffic could be infrequent small packets, the battery life could be largely improved by reducing the signalling overhead for infrequent small packets.
Therefore, it is proposed RAN2 to discuss the potential improvement to infrequent small packet transmission to address the identified problems.

Proposal: For NR, study the support of 
-
a low power consumption state where the UE can be served without re-establishing AS context;

-
uplink infrequent small packet transmission without the need to first perform random access and/or dynamically request to be scheduled and a grant to be allocated.
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