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Discussion and Decision
1
Introduction
IMT-2020 is envisaged to expand and support various families of usage scenarios and applications that will continue beyond the current IMT-2000. The future IMT-2020 include [1]:
-
eMBB (enhanced Mobile Broadband)

-
mMTC (massive Machine Type Communications)
-
URLLC (Ultra-Reliable and Low Latency Communications)
From [2], KPIs related to different usage scenarios are included although some KPIs are still under discussion. For URLLC, the critical KPIs includes user plane latency and reliability:
“For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL.”
“The target for reliability should be 1-10-5 within 1ms.”
In this contribution we provide our first input on the performance analysis of user plane latency and implications on PHY design. In addition, several open issues are raised which have significant impacts on the U-Plane latency and need to be discussed and agreed in 3GPP. 
In Section 2, we analyse U-Plane latency for four different scenarios: FDD DL, FDD UL, TDD DL and also TDD UL. Moreover we discuss the U-Plane latency performance in the case with bi-directional subframes and significant reduced UE/eNB processing time. Section 3 summarize our contribution with the list of proposals and observations.
2
User plane latency analysis 
When discussing U-Plane latency, one of the most important aspects to be considered is the design of subframe and frame structure since different frame structures will result in different latency. As discussed in [3], three different subframe formats are considered namely: downlink only subframes, uplink only subframes and subframe with bi-directional control as presented in Figure 1. These subframe structures would all be valid for TDD, as FDD would only use Downlink and Uplink only subframes for downlink and uplink transmissions respectively. 
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Figure 1: TDD: DL only, UL only and bi-directional subframes.

Another aspect which can bring significant impact on U-Plane latency is eNB and UE processing time. Taking UL data transmission as one example, after data arrives at UE, certain processing time is needed within UE before sending scheduling request. And eNB needs certain time for processing the scheduling request message before allocating appropriate resource to the UE. In addition to the processing time of control signalling, it is also needed to account for data packet processing. All these will contribute to the overall U-Plane latency. And therefore a practical assumption on the processing time is of necessity. In the rest of this contribution, it is assumed that there is no difference for processing the control signalling and data packet. Another aspect, which needs to be considered, is whether there is difference in the Tx processing time and Rx processing time. In [5], it is assumed that the Tx processing time is 1ms and Rx processing time 1.5ms. 
Proposal 1: In addition to new frame/subframe structure, RAN1 should agree on the feasible assumptions of UE and eNB processing time including both Tx and Rx in order to at least analyze achievable U-Plane latency with NR (New Radio).

For 5G, certain improvement to the 1.5 ms and 1 ms UE/eNB processing times of LTE is expected. In the following, it is assumed 10x processing time improvement (comparing to LTE [5]): Tx processing delay = 0.1 ms and Rx processing latency = 0.15ms. Furthermore, it is assumed that the data packet can be transmitted over one TTI within one subframe and no error on control channels, e.g. resource grant, scheduling request, ACK/NACK etc, assumed. And the average retransmission probability is assumed to be 1% (in LTE, the value is 10%). In the following, first we will look at latency for DL or UL only subframe with subframe length of 0.125 ms [4] and then consider the latency performance with the proposed URLLC subframe [3].
2.1 
U-Plane latency for FDD

Considering FDD, first we look at the simplest case: DL. In DL, U-Plane one way latency is composed of: processing latency, radio frame/subframe alignment and TTI duration. The following figure shows one example procedure for DL data transmission. Step 1-3 is for the case where no retransmission takes place. In case there is retransmission needed, latency due to steps 4-7 should be taken into account as well.
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Figure 2 Example procedure for DL data transmission (with possible one retransmission)
The average U-Plane latency in FDD DL is summarized in Table 1 (no control channel reception error considered).
Table 1 Latency analysis with 0% and 1% HARQ BLER (FDD DL)
	Step
	Description
	Average latency [ms]

	1
	Data arrival + eNB Tx processing incl. frame alignment
	0.1+0.5*TTI = 0.1625

	2
	DL CCH+data
	0.125

	3
	UE Rx processing
	0.15

	
	Latency wo retransmission (BLER=0%)
	0.4375

	4
	NACK1
	0.125

	5
	eNB processing+subframe alignment 
	0.25

	6
	HARQ retransmission
	0.125

	7
	UE processing
	0.15

	
	Latency with one retransmission (retransmission probability:1%)
	0.444


Note 1: Resource for UL ACK/NACK transmission is already allocated.
Similarly in FDD UL, the following Figure 3 illustrated the example procedure for UL data packet transmission and the corresponding latency is included in Table 2.
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Figure 3 Example procedure for UL data transmission
Table 2 Latency analysis with 0% and 1% HARQ BLER (FDD UL, covering both U-plane latency and UE scheduling latency)
	Step
	Description
	New average latency

	1
	UE processing + subframe alignment
	0.5*TTI +0.1 = 0.1625

	2
	Scheduling request
	0.125

	3
	eNB processing+ subframe alignment
	0.25

	4
	Resource grant
	0.125

	5
	UE Rx processing + subframe alignment
	0.25

	6
	UL packet transmission
	0.125

	7
	eNB processing
	0.15

	
	Latency wo retransmission (BLER=0%)
	1.175

	8-11
	Feedback+ retransmission
	0.55*0.01=0.0055

	
	Latency with one retransmission (retransmission probability: 1%)
	1.1805


It should be pointed out the clear difference, comparing to U-Plane latency analysis in Annex B of [5], where the latency due to control channel transmission/reception is not included. It would be beneficial for future RAN1 work if the agreement on which steps are included when calculating U-Plane latency can be agreed. For example if we assume there is already resource available for UL packet data transmission which is the same case as in [5], the average latency can be further reduced to 0.4375ms for the case of without retransmission. In this case, the latency due to scheduling request/resource grant and related processing time is not included. This can be achieve by e.g. semi-static scheduling (SPS) as well. Based on this discussion, we have the following proposal and observation:
Proposal 2: The scheduling latency due to control channel transmission/reception (i.e. scheduling request, resource grant) and related processing should not be included when calculating U-Plane latency to align with LTE analysis in [5].
Observation 1: With the assumption of 0.125ms subframe length, the achievable U-Plane latency is 0.4375 ms for both UL and DL in case of FDD with the assumed 10x better Tx and Rx processing time comparing to LTE.
Observation 2: Semi-persistent scheduling can reduce the U-Plane latency simply because no need to request resource for UL data transmission with the drawback of possible wasted resource.

2.2 
U-Plane latency for TDD

Similar as FDD analysis, in case of TDD, since the resource can be used either in DL or UL at one time instant, it is expected that the latency performance will become worse comparing to FDD where no such restriction exists. Starting from DL, it is assumed that the adjacent subframes are used for different directions, e.g. subframe n used for DL, then subframe n+1 is for UL. From processing point of view, the procedure is the same as in FDD DL case shown in Figure 2. However, considering 50% resource for DL and another 50% for UL, the latency number is quite different as shown in Table 3.
Table 3 Latency analysis with 0% and 1% HARQ BLER (TDD DL)
	Steps
	Description
	Average latency
[ms]

	1
	Data arrival + eNB processing incl. frame alignment
	1*TTI +0.1 = 0.225

	2
	DL CCH+data
	0.125

	3
	UE processing
	0.15

	
	Latency wo retransmission (BLER=0%)
	0.5

	4
	NACK2
	0.225

	5
	eNB processing
	0.15

	6
	HARQ retransmission
	0.225

	7
	UE processing
	0.15

	
	Latency with one retransmission (retransmission probability: 1%)
	0.5075


Note 2: Resource for UL ACK/NACK transmission is already allocated.

Similarly for UL, the following Table 4 summarize the UL latency performance.
Table 4 Latency analysis with 0% and 1% HARQ BLER (TDD UL, covering both U-plane latency and UE scheduling latency)
	Step
	Description
	New Average latency [ms]

	1
	Data arrival + UE processing incl. Frame alignment
	1*TTI+0.1=0.225

	2
	Scheduling request
	0.125

	3
	eNB pocessing
	0.15

	4
	Resource grant
	0.225

	5
	UE processing
	0.15

	6
	UL packet transmission
	0.225

	7
	eNB processing
	0.15

	
	Latency wo retransmission (BLER=0%)
	1.25

	8-11
	Feedback+retransmission
	0.775*0.01=0.00775

	
	Latency with one retransmission (retransmission probability: 1%)
	1.25775


Clearly the most challenging case is TDD UL. With SPS or the case where the UE already has resource for UL transmission, the average U-Plane latency is about 0.5 ms. 
Observation 3: With 0.125ms subframe length and Proposal 2, the achievable U-Plane latency for TDD in both UL and DL is 0.5 ms. 

Based on the analysis for both FDD and TDD, we have the following observations and proposal:
Observation 4: It is possible to achieve the URLLC 0.5 ms U-Plane latency target with the proposed numerology (e.g. 0.125 ms subframe length) [4] and TDD frame structure [3] in case sufficient processing time (e.g. 10x) improvement w.r.t LTE can be assumed.

Observation 5: With the assumption of 1% BLER for the 1st transmission, U-plane latency is highly dominated by the initial transmission for both FDD and TDD.

Proposal 3: RAN1 should make efficient frame/subframe design by taking into account at least the U-Plane latency design target, Tx processing time and Rx processing time.

2.3 
U-Plane latency with bi-directional URLLC subframe

There is cases where 0.5ms U-Plane latency need to be valid in both UL and DL simultaneously. In order to better support this case, a TDD configuration or frame structure with alternating DL and UL transmission opportunities should be deployed. This could be realized e.g. via TDD configuration with alternating DL and UL subframes or e.g. via an URLLC subframe, as described in [3], including alternating DL and UL symbols within a subframe. 
Taking the example of 7 OFDM symbols within one subframe (0.5ms) [3][4], the URLLC subframe is illustrated in Figure 4 where it is assumed that the short data packet can be transmitted with one symbol.
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Figure 4 Example of URLLC subframe
With the assumption that the processing time at eNB and UE can be sufficiently short, the U-Plane latency with the URLLC subframe is shown in Table 5 where it is further assumed that the UE has scheduled resource.
Table 5 U-plane latency without retransmission (with URLLC subframe and almost zero processing time)
	Step
	Description
	Average U-Plane latency [ms]

	1
	Data arrival + Tx processing incl. frame alignment
	0.1428

	2
	Data packet transmission 
	0.0714

	
	Latency wo retransmission (BLER=0%)
	0.2142


The achievable U-Plane latency without retransmission can be significantly reduced comparing to the cases with UL/DL only subframes. Based on this discussion, we have the following proposal:
Proposal 4: Bi-directional subframe should be studied in order to further improve the U-Plane latency performance, especially considering the case where both latency and reliability are important. 
3
Conclusion
In this contribution, after discussing the main factors which will impact the U-Plane performance, we had the following proposal:

Proposal 1: In addition to new frame/subframe structure, RAN1 should agree on the feasible assumptions of UE and eNB processing time including both Tx and Rx in order to at least analyze achievable U-Plane latency with NR (New Radio).

The U-Plane latency analysis covered different scenarios with FDD, TDD and DL/UL only subframe. The analysis leads to the following proposals and observations:

Proposal 2: The scheduling latency due to control channel transmission/reception (i.e. scheduling request, resource grant) and related processing should not be included when calculating U-Plane latency to align with LTE analysis in [5].
Observation 1: With the assumption of 0.125ms subframe length, the achievable U-Plane latency is 0.4375 ms for both UL and DL in case of FDD with the assumed 10x better Tx and Rx processing time comparing to LTE.

Observation 2: Semi-persistent scheduling can reduce the U-Plane latency simply because no need to request resource for UL data transmission with the drawback of possible wasted resource.

Observation 3: With 0.125ms subframe length and Proposal 2, the achievable U-Plane latency for TDD in both UL and DL is 0.5 ms. 

Observation 4: It is possible to achieve the URLLC 0.5 ms U-Plane latency target with the proposed numerology (e.g. 0.125 ms subframe length) [4] and TDD frame structure [3] in case sufficient processing time (e.g. 10x) improvement w.r.t LTE can be assumed.

Observation 5: With the assumption of 1% BLER for the 1st transmission, U-plane latency is highly dominated by the initial transmission for both FDD and TDD.

Proposal 3: RAN1 should make efficient frame/subframe design by taking into account at least the U-Plane latency design target, Tx processing time and Rx processing time.

In addition, with the specialized URLLC subframe and related numerology [3][4], U-Plane latency can be further reduced if processing time is not a problem.
Proposal 4: Bi-directional subframe should be studied in order to further improve the U-Plane latency performance, especially considering the case where both latency and reliability are important. 
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