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1. Introduction
This contribution discusses UP latency and timing aspects in NR. RAN2 has made agreements during the study item e.g. to improve the UP stack to shorten processing times, support of packet duplication and grant-free transmissions to reduce latency. We think it is important to inform RAN1 about these changes and RAN2 design assumption.
1. [bookmark: _Ref178064866]Discussion
In RAN1#85, it has agreed to aim for significantly reduced processing delays compared to LTE: 
	Agreement:
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible



In RAN1# 86bis, the below agreements were made regarding timing relationship between UL assignment and corresponding UL data transmission, which further indicate that NR design may at the end reach the lowest UE processing time less than a slot. 
	Agreement:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions


1. LTE UP latency and timing
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Figure 1. Overview of UL transmission delay (error-free)
An overview of a data packet transmission is illustrated in Figure 1. A simple assessment of important sources of latency for an UL transmission is presented in Table 5.2.1-1 in [1]. In that table, assuming the average waiting time for a PUCCH at a periodicity of 1 ms is 0.5 ms, it leads to a radio access latency sum of 12.5 ms. The processing time is used to process the data and control information (e.g., encoding and decoding) in the UE and eNB. The UE processing time (including decoding of scheduling grant, LCP multiplexing and encoding of UL data) is 3 TTIs.
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The study on latency reduction in 3GPP has concluded that reducing the processing time can significantly reduce the UP latency. Smaller latency and processing time would also allow UEs to reduce the memory need for L2 buffer. It also allows new future use cases such as critical MTC applications in a better way. Therefore, the features that make a shorter processing time are being standardized for LTE Rel-15 [2]. The latest progress show that the processing time is possible to reach 2 TTIs instead of 3 TTIs. 
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1. NR UP latency and timing
Compared to LTE, NR access technology is being designed to meet a broader range of use cases including enhanced mobile broadband, massive MTC, critical MTC. Targeting the lowest delays as one key requirements is essential for 5G.
According to latest progress in 3GPP, NR work groups work on the below means to achieve better latency performance.
1. Shorter TTI and larger sub-carrier spacing (SCS)
2. Flexible sub-frame/slot structure
· Such as mixing UL and DL OFDM symbols in a sub-frame or even a slot
· Mini-slot is the smallest possible scheduling unit 
3. Optimization of the UP stack
The optimization targets the reduction of the UP protocol processing time. MAC PDUs can be pre-built which shortens the time needed for LCP and multiplexing. Furthermore, the concatenation function has been moved from RLC to MAC.
4. Packet duplication
The packets are duplicated to reduce the HARQ latency by avoiding HARQ retransmissions. It is possible to duplicate packets at PDCP.
5. Improved scheduling
The grant-free transmission allows a UE to initiate transmissions without requesting resources from the network.
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The first 3 means are particularly useful to reduce the processing time.
Based on agreements made in RAN1# 86bis (as mentioned earlier), the shortest UE processing time is in the order of multiple OFDM symbols (i.e., less than 1 slot). That is the case when K2 = 0. Considering the means provided by RAN1, such as flexible sub-frame and slot structure, the smallest possible transmission/scheduling unit is mini-slot, which comprises a few OFDM symbols (e.g., 2 OFDM symbols). The UE processing time (decoding of scheduling grant, LCP multiplexing and encoding time) must be scalable to match that short duration, i.e., in the order of few OFDM symbols. Therefore, from RAN2 perspective, we believe all NR UEs shall aim for the fastest processing time. 
Similar as [3], an example of a frame structure is shown in Figure 2. Here, the UE sends a dedicated SR in the last 3 symbols of a slot and receives the corresponding grant in the subsequent slot. Upon reception of the grant, the UE starts the transmission after around 2 OFDM symbols. It is seen that the delay for requesting the uplink resources is in the order of 6 OFDM symbols, i.e., in the order of 110 µs (with 60 kHz SCS in this example). 
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Figure 2. Dynamically scheduled uplink with fastest processing times (60 kHz SCS)
The eventual processing time must be confirmed by RAN1. It is suggested to send LS to inform RAN1 that RAN2 has optimised L2 protocol stack for reduced latency and processing time and assumed that UE processing time (decoding scheduling grant, LCP multiplexing and encoding data) in the order of 2 OFDM symbols.
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1. Conclusion
In section 2 we made the following observations:
Observation 1	UE processing time is assumed as 3 TTIs in LTE (up to Rel-14).
Observation 2	UE processing time is reduced to 2 TTIs in LTE Rel-15.
Observation 3	NR has multiple means to achieve a significant UP latency and processing time reduction.

Based on the discussion in Section 2 we propose the following:

Proposal 1	NR aims for UE processing time (including decoding of scheduling grant, LCP multiplexing and encoding of UL data) in the order of 2 OFDM symbols
Proposal 2	Send LS to RAN1 that RAN2 has assumed that UE processing time (including decoding of scheduling grant, LCP multiplexing and encoding of UL data) in the order of 2 OFDM symbols
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