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1 Introduction
One of the major differences from LTE to NR is the support of multiple numerologies and frame structures. From system perspective, different services with various requirements can be optimized by assigning proper numerology and frame structure.  Plenty of investigations have been carried out in RAN1 to evaluate system benefits and impacts by introducing different numerologies and frame structures. However, only limited attentions are paid to UE implementation complexities due to the support of multiple numerologies and frame structures, which is the focus of this paper.
2 UE processing time 
In LTE Release 8 ~ Release 13, the UE processing time is generally assumed to be at least 3ms. Such UE processing time results n+4 timing relation for A/N, HARQ and UL scheduling. In ongoing latency reduction WI, when TTI length is shortened into several symbols instead of the whole subframe, corresponding UE processing time will be reduced in a scalable level to TTI length[1].  One example is that if one-slot basis TTI is standardized in latency reduction WI, then the UE processing time will become 1.5ms, which is half of the assumption in LTE. 
For NR, two factors will have significant impacts on the requirement to UE processing time:
· Numerology

In RAN1-85 meeting, one important working assumption is agreed that the subcarrier spacing will be 15k Hz*2^n. If LTE numerology logic is followed, the symbol duration will be 66.67us/2^n. One example is that if 240K Hz subcarrier is adopted, symbol duration will be 1/16 of LTE symbol. This further implies that if NR adopts N times of 15k subcarrier spacing and legacy HARQ timing, the UE processing time will be assumed to be 3/N ms.
· Frame Structure

Although the frame structure discussion will depend on the numerology progress, some major proposals have already produced notable impacts on the assumption of UE processing time. One of them is the so called self-contained subframe, where both UL and DL opportunities will be contained in a TTI/subframe. The most obvious benefit of self-contained subframe is that the UL scheduling (from UL grant to PUSCH transmission) or L1 A/N procedures can be completed in one TTI/subframe. Therefore, the L1 latency can be greatly reduced, which also requires that the UE processing time shall be greatly shortened. Even if normal LTE frame structure is re-used for NR, applying shortened TTI, which is ongoing WI for release-14 & 15, in NR will still imply significant UE processing time reduction. For example, if one or two symbol TTI is applied, the assumption of UE processing time will be reduced to 1/14 or 1/7 of current level. Similarly, if new timing relationship is introduced for UL scheduling, HARQ and A/N procedures, further UE processing time reduction is expected.

It should be further noted that based on the numerology and frame structure design for NR, the  UE processing time is expected to be 1/100 of current level. For example, if subcarrier spacing is 120k Hz and 1 symbol TTI is used for LTE frame structure, the UE processing time will be expected to be no more than 1/112 of current level. Actually, if new timing relationship such as n+1 or n+2 is used, UE processing time is expected to be 1/200 or even 1/300 of current level.      
Multiple numerologies and frame structure combinations result in a quite wide range of requirements to UE processing time for NR: from similar-to-LTE level to 1/100~1/1000 of current LTE level. If fixed UE processing time is assumed, it will force all UEs to implement the tightest UE processing time requirement, which will also greatly increase the UE implementation cost. Actually, the flexible numerology, frame structure and timing relation aim to feed flexible service requirement. Very tight UE processing time may be necessary for delay-sensitive service such as URLLC, but may not be that necessary for eMBB. Therefore, NR should not assume fixed minimal UE processing time. 

Proposal 1: NR should not assume fixed UE processing time.
In LTE, UEs are divided into different categories, in the sense of peak data rate, to reflect UE support for the combination of CA, MIMO and high order modulations. Similarly, UE processing time in NR can also be divided into different levels/classes, and UE can report to network its supported UE processing time level/class so that network can schedule UE in the suitable manner. Such UE processing time level would also benefit the NR forward compatibility. If new numerology and frame structure are introduced in the latter release (for example Phase 2), new UE processing time level can also be introduced and the network scheduling is not constrained by the fixed or old UE processing time assumption. 
Proposal 2: UE processing time is divided into different levels/classes and UE reports its supported level/class. 
3 Conclusions

In this contribution, we discuss UE processing time due to the support of multiple numerologies and frame structures. We have following proposals:
Proposal 1: NR should not assume fixed UE processing time
Proposal 2: UE processing time is divided into different levels/classes and UE reports its supported level/class. 
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