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1 Introduction
There have been a lot of discussions in 3GPP RAN Plenary on scenarios and requirements for TR38.913.  The definition of latency requirements have been clarified for both eMBB and URLLC and are clear enough for RAN1 to continue the system design.  In NR frame structure design, two aspects could be related to the latency requirements, i.e. subframe time length and timing relationship.  This paper first provides observations based on the latency analysis for both eMBB and URLLC and then proposed some guidelines for NR frame structure design based on the observations.
2 Discussion
2.1 Latency Analysis for eMBB
According to TR38.913, the user plane latency requirement for eMBB is 4ms in both UL and DL.  Based on the latency requirement and the required steps of physical-layer operation, the baseline time length of an NR subframe and UE/eNB processing time can be determined for further system design.  Table 1 shows the required steps of physical-layer operation to complete a DL data packet transmission from the data packet arrival from the user plane at an eNB until the delivery of the successfully decoded data packet to the use plane at an UE with 1st and 2nd transmission.
Table 1. Steps of DL physical-layer operation

	Step
	Description

	1
	eNB Tx Processing + Subframe Alignment

	2
	DL Control Channel + Data Channel Transmission

	3
	UE Rx + Tx Processing

	End of 1st Transmission

	4
	HARQ-ACK Transmission in UL

	5
	eNB Rx + Tx Processing + Subframe Alignment

	6
	HARQ Retransmission in DL

	7
	UE Rx Processing

	End of 2nd Transmission


Figure 1 and Figure 2 show the DL latency analysis for eMBB, assuming different timing relationships.  According to Figure 1, the subframe time length should be ≤ 1.14ms and UE Rx processing time can be around 1.14ms if N+2 timing relationship is assumed.  According to Figure 2, the subframe time length should be ≤ 0.88ms and UE Rx processing time can be around 1.76ms if N+4 timing relationship is assumed.
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Figure 1. DL latency analysis for eMBB, assuming N+2 timing relationship
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Figure 2. DL latency analysis for eMBB, assuming N+4 timing relationship

Table 2 shows the required steps of physical-layer operation to complete a UL data packet transmission from the data packet arrival from the user plane at an UE until the delivery of the successfully decoded data packet to the use plane at an eNB with 1st and 2nd transmission.
Table 2. Steps of UL physical-layer operation

	Step
	Description

	1
	UE Tx Processing + Subframe Alignment

	2
	Scheduling Request Transmission in UL

	3
	eNB Rx + Tx Processing

	4
	UL Resource Grant Transmission in DL

	5
	UE Rx + Tx Processing

	6
	UL Data Transmission in UL

	7
	eNB Rx + Tx Processing

	End of 1st Transmission

	8
	HARQ-ACK Transmission in DL

	9
	UE Rx + Tx Processing

	10
	HARQ Retransmission in UL

	11
	eNB Rx Processing

	End of 2nd Transmission


Figure 3 and Figure 4 show the UL latency analysis, assuming different timing relationships.  According to Figure 3, the subframe time length should be ≤ 0.61ms and UE Tx processing time can be around 0.91ms (0.61ms x 1.5) if N+2 timing relationship is assumed.  According to Figure 4, the subframe time length should be ≤ 0.42ms and UE Tx processing time can be around 1.47ms (0.42ms x 3.5) if N+4 timing relationship is assumed.
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Figure 3. UL latency analysis for eMBB, assuming N+2 timing relationship
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Figure 4. UL latency analysis for eMBB, assuming N+4 timing relationship
From above analysis, observations can be drawn as follows.
Observation #1: To meet the latency requirements for eMBB in TR38.913 (i.e. 4 ms for both DL & UL), 0.61 ms or smaller subframe time length is required, depending on the timing relationship.
Observation #2: Self-contained operation (i.e. DL data transmission and its corresponding HARQ-ACK are within the same subframe; UL grant and its corresponding UL data transmission are within the same subframe) is not required to meet the latency requirements for eMBB in TR38.913.
Proposal #1: Considering eMBB, NR subframe time length should be equal to or smaller than 0.61 ms.
Proposal #2: Self-contained operation is optional for eMBB.
2.2 Latency Analysis for URLLC
According to TR38.913, the user plane latency requirement for URLLC is 0.5ms in both UL and DL.  Assuming dynamic scheduling for both UL and DL in URLLC, the steps of physical-layer operation for eMBB can be applied.  Figure 5 and Figure 6 show the DL latency analysis for URLLC, assuming different timing relationships.  According to Figure 5, the subframe time length should be ≤ 0.16ms and UE Rx processing time can be around 0.12ms if N+1 timing relationship is assumed.  According to Figure 6, the subframe time length should be ≤ 0.14ms and UE Rx processing time can be around 0.24ms if N+2 timing relationship is assumed.
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Figure 5. DL latency analysis for URLLC, assuming N+1 timing relationship
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Figure 6. DL latency analysis for URLLC, assuming N+2 timing relationship

Figure 7 and Figure 8 show the UL latency analysis for URLLC, assuming different timing relationships.  Since there are more steps in UL physical-layer operation than those in DL, self-contained operation is considered to allow larger subframe time length.  The following are assumed to reduce the total latency in Figure 7.

· UL grant transmission from an eNB in DL shortly (1 OFDM symbol time or less) after receiving the scheduling request in UL

· UL data transmission from an UE shortly (1 OFDM symbol or less) after receiving the UL grant in DL
· HARQ-ACK transmission from an eNB in DL shortly (1 OFDM symbol time or less) after receiving UL data

· UL data retransmission from an UE shortly (1 OFDM symbol time or less) after receiving HARQ-ACK in DL

According to Figure 7, the subframe time length should be ≤ 0.19ms and UE Rx processing time can be around 0.018ms if self-contained operation is assumed.  According to Figure 8, the subframe time length should be ≤ 0.1ms and UE Rx processing time can be around 0.24ms if N+1 timing relationship is assumed. 
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Figure 7. UL latency analysis for URLLC, assuming self-contained operation
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Figure 8. UL latency analysis for URLLC, assuming N+1 timing relationship
Though self-contained operation is very beneficial for UL URLLC to meet the latency requirement, hardware requirement is very high and it’s not the only solution.  Other solutions shown as follows can also be considered to support UL URLLC with more relaxed hardware requirement.
Alternative #1: Semi-persistent scheduling for UL data in UL URLLC
Alternative #2: Two different subframe time lengths for eMBB and URLLC
From above analysis, observations can be drawn as follows.

Observation #3: To meet the latency requirements for URLLC in TR38.913 (i.e. 0.5 ms for both DL & UL), 0.14 ms or smaller subframe time length is required.

Observation #4: Self-contained operation (i.e. DL data transmission and its corresponding HARQ-ACK are within the same subframe) is not required to meet the latency requirements described in TR38.913 for DL URLLC if dynamic DL scheduling and ≤ 0.14 ms subframe time length is considered.

Observation #5: Self-contained operation (i.e. UL grant and its corresponding UL data transmission are within the same subframe) is beneficial to meet the latency requirements described in TR38.913 for UL URLLC if dynamic UL scheduling is considered.
Proposal #3: Considering URLLC, NR subframe time length should be equal to or smaller than 0.14 ms.
Proposal #4: Self-contained operation can be optional for DL URLLC.
Proposal #5: Consider self-contained operation as one of solutions to support UL URLLC.
3 Conclusion
Proposals are summarized as follows.
Proposal #1: Considering eMBB, NR subframe time length should be equal to or smaller than 0.61 ms.
Proposal #2: Self-contained operation is optional for eMBB.

Proposal #3: Considering URLLC, NR subframe time length should be equal to or smaller than 0.14 ms.
Proposal #4: Self-contained operation can be optional for DL URLLC.
Proposal #5: Consider self-contained operation as one of solutions to support UL URLLC.
