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Introduction
At RAN1#89, the minimum UE processing time was discussed, in particular K1 and K2:
· K1: Delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL
· K2: Delay between UL grant reception in DL and UL data (PUSCH) transmission
Both K1 and K2 has so far been measured in slots although a measure in the number of OFDM symbols is more appropriate. However, in this paper we 
It has been agreed that the specification should support K1=0 and K2=0 while the mandatory value to support by all UEs is still under discussion. In this contribution we provide some observations on the scheduler complexity if multiple values of K1 and K2 are supported.
Discussion
[bookmark: _GoBack]From a scheduling perspective, it is preferable if all Rel-15 UEs support K1=0 and K2=0. If multiple values are supported as part of UE capabilities, scheduling complexity increases (“tetris game”) and the overall system efficiency may decrease. Two examples hereof are given below.
Consider two terminals. UE A is “fast” and supports K1=0, K2=0 while UE B is “slow” and supports K1=1, K2=1 only. In case of uplink MU-MIMO, two or more UEs are grouped together based on their channel properties and jointly scheduled. Both the scheduling decision as such and the actual transmission must take place at the same time, which in practice implies that the scheduler follows the timing for the slowest UE, see Figure 1. A similar argumentation can be made for plain FDM of two terminals. For the best performance, terminals transmitting at the same time should have their scheduling decision taken at the same time, at least at high loads. Having multiple grant-to-data timings (K2) implies this is not possible, thereby degrading overall network performance as well as resulting in a “tetris” problem in the scheduler.
[image: ]
[bookmark: _Ref485392874]Figure 1: The performance of UE A is dictated by the capabilities of the slowest UE.
As another example, consider uplink retransmissions in TDD with a semi-static allocation (e.g. for interference reasons between cells). The optimal TDD allocation, which must be the same for all UEs in a cell, depends on the grant-to-data delay. At the top of Figure 1, the allocation is designed for UEs with K2=1 in which case UEs with K2=2 will have an extra delay of three slots as they cannot exploit the first uplink occasion after the grant transmission. If the allocation instead is optimized for UEs with K2=2 (bottom of Figure 1), the UE with K2=1 will not get any performance advantage.
[image: ]
[bookmark: _Ref485392195]Figure 2: Retransmission delay for different UEs and UL/DL allocations.
Conclusion
The number of different values of data-to-acknowledgement (K1) and grant-to-transmission (K2) should be minimized to maintain a good overall system performance and a reasonable scheduler complexity. Specification support for K1=0 and K2=0 has been agreed and it is proposed to make this mandatory.
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