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Introduction
RAN1#85 meeting agreed to support a “time interval X” which can contain DL transmission part, Guard and UL transmission part [1]:
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· [bookmark: _GoBack]The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
However, the details of time interval X has no progress in RAN1#85. In this contribution we will discuss the details of time interval X.

Combinations in time interval X
In [2], the three combinations of time interval X were proposed:
· At least the following combinations for time interval X should be supported
· Combination 1: A DL transmission part, a possible guard
· Combination 2: A possible guard, an uplink transmission part
· Combination 3: A DL transmission part, guard(s), and an UL transmission part
The comb 1 and comb 2 can be considered as normal structure, which only has signal part for DL transmission and UL transmission. When guard is of length zero, the comb 1 and comb 2 are equivalent to the DL and UL subframe in LTE. When there is only one guard in the comb 3, the comb 3 is equivalent to the special subframe in LTE. The comb 1 and comb 2 are easy to be accepted as time interval X for NR, since at least they are necessary for NR FDD. However, the comb 3 is not easy to be accepted as a time interval X in NR, since it can be composed by a comb 1 and a comb 2. It is true that a comb 3 can be composed by a comb 1 and comb 2. However, a comb 3 with length of L is composed by a comb 1 with length of L/2 and a comb 2 with length of L/2, thus the minimum supported length of comb 3 is limited by the minimum supported length of comb 1 and comb 2. For example, if the minimum supported length of comb 1 and comb 2 are 0.5ms, i.e. 7 symbols in 15kHz numerology, the minimum supported length of comb 3 is only 1ms. Furthermore, in 15kHz/30kHz/60kHz numerologies, 7 symbols can be the minimum supported length of a time interval X. 2 symbols is not suitable for the length of the time interval X, since it is too small. 3 symbols or 4 symbols is not suitable for the length of the time interval X, since integer multiplier of 3 symbols or 4 symbols cannot align to 1ms, considering that 15kHz/30kHz/60kHz numerologies may have symbol-level boundary alignment in some scenarios. Therefore, in our opinion, the comb 3 can be supported in NR.
Proposal 1: The combination 1, 2 and 3 can be supported in NR.

Self-contained HARQ timing
In [3], it is proposed that in order to gain the low latency, NR should at least support “ACK shortly (in the order of a few ten µs) after the end of the data transmission”. In the discussion, considering the UE processing complexity and processing time, it is compromised to only support “Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission”, and “X in the order of a few tens of or hundreds of micro sec is feasible”. The value of X will be determined in the later meeting. For this fast HARQ feedback, we can consider X in the order of a few tens of micro seconds as a self-contained HARQ timing. In this section, we discuss the value of X from perspective of URLLC service.
We need to answer the question: In TDD, Is the self-contained HARQ timing effective to achieve the latency requirement of URLLC? If the answer is no, the value of X can be relaxed, and thereby can be in the order of a few hundreds of micro seconds.
We exploited this problem in TDD at first. According to the average latency estimation in TDD [4], we have the following assumptions:
· eNB processing delay: 0.5 TTI, which is 1/2 of value in LTE [4], and similar to that assumed in [5];
· Average frame alignment: tFA TTI, which is relevant to the DL/UL configuration; 
· TTI duration (transmission): 1 TTI;
· UE processing delay: 0.5 TTI, which is 1/2 of value in LTE [4], and similar to that assumed in [5];
· Average HARQ RTT: tRTT TTI, which is relevant to the DL/UL configuration.
We have the following assumptions on DL/UL configuration:
· Configuration 1 (self-contained HARQ timing): DL TTI + UL TTI (in the same time interval X). It is similar to that assumed in [6]. The corresponding HARQ timing is n+1 (TTI).
· Configuration 2: DL TTI + DL TTI + UL TTI, and data is transmitted in the first DL TTI. The corresponding HARQ timing is n+2 (TTI).
· Configuration 3: DL TTI + DL TTI + DL TTI + UL TTI, and data is transmitted in the first DL TTI. The corresponding HARQ timing is n+3 (TTI).
As shown in Appendix, the average latency can be estimated and listed in the following table:
Table 1: The average latency for different configurations
	
	Average Frame Alignment: tFA
	Average HARQ RTT: tRTT
	Overall latency with HARQ-ACK
	Rough overall latency
	TTI length to support URLLC

	Configuration 1
	1 TTI
	3.5 TTI
	3.35 TTI
	4 TTI
	0.5/4=0.125ms

	Configuration 2
	1 TTI
	4.5 TTI
	3.45 TTI
	4 TTI
	0.5/4=0.125ms

	Configuration 3
	1 TTI
	5.5 TTI
	3.55 TTI
	4 TTI
	0.5/4=0.125ms



From above table, since the average latency estimation is under assumption of 10% BLER, the average HARQ RTT is only 0.1*tRTT. In the other words, in the sense of average latency, HARQ RTT has small contribution to the average latency. Thus, the answer of the former question is no, i.e. the self-contained HARQ timing is so not effective to achieve the latency requirement of URLLC.
In FDD system, the average latency is similar to that of configuration 1 in TDD system. Thus we have the following observation.
Observation 1: Assuming the length of time interval X is 0.25ms (i.e. 0.125ms per TTI), it is observed that in the sense of average latency, the self-contained HARQ timing may not significantly reduce the average latency.
On the other side, the self-contained HARQ timing will cause large CP overhead. In the above configurations, ratios of GP are different:
· Configuration 1: There is one GP per two TTIs, and UE processing delay is in GP. Assuming TA = 6.67us (with cell radius 1km), the GP overhead is about (62.5+6.67)/(2*125) = 28%;
· Configuration 2: There is one GP per three TTIs, and UE processing delay is not in GP. Assuming TA = 6.67us (with cell radius 1km), the GP overhead is about 6.67/(3*125) = 2%;
· Configuration 3: There is one GP per four TTIs, and UE processing delay is not in GP. Assuming TA = 6.67us (with cell radius 1km), the GP overhead is about 6.67/(4*125) = 1.3%.
Thus, we have the following observation.
Observation 2: For TDD system, assuming the length of time interval X is 0.25ms, it is observed that the self-contained HARQ timing has larger GP overhead.
Since in configuration 2 and 3 the HARQ feedback timing can be n+2 or n+3 (TTI), the value of X can be one TTI and one TTI can be 0.125ms to achieve URLLC requirement by the above average latency estimation. Thus, X can be in the order of 125us. 
Proposal 2: The acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission can be supported, if X in the order of a few hundreds of micro seconds, e.g. 125us.

Conclusions
As conclusion, we have the following proposals:
Proposal 1: The combination 1, 2 and 3 can be supported in NR.
Proposal 2: The acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission can be supported, if X in the order of a few hundreds of micro seconds, e.g. 125us.
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Appendix:

Configuration 1:
· tFA = 1. Case 1: frame alignment consumes more x TTI (x<1) after packet arrival. Case 2: frame alignment consumes more 1+x TTI after packet arrival, due to waiting for the end of UL TTI. The average frame alignment of case 1 is 0.5 TTI, The average frame alignment is 1.5 TTI. Thus the average frame alignment is 1 TTI. 
· Since HARQ timing is n+1 (TTI), tRTT = 1 + 0.5 + 1 + 1 = 3.5 (TTI).
· Without considering HARQ, the average latency is 3 TTI.
· Considering HARQ, the average latency is 3.35 TTI.DL
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Figure 1: Latency components of Configuration 1
Configuration 2:
· tFA = 1. Similar to configuration 1. 
· Since HARQ timing is n+2 (TTI), tRTT = 1 + 0.5 + 1 + 2 = 4.5 (TTI).
· Considering HARQ, the average latency is 3.45 TTI.

Figure 2: Latency components of Configuration 2DL
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