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Introduction
In this document the minimum values for these quantities from a UE capability perspective are discussed. Note that the network for different reason may use different timing relations, e.g. hybrid-ARQ feedback later than what the UE is capable of.
Discussion
LDPC decoder throughput requirement for initial transmissions
For UE category supporting  spatial layers on a bandwidth of , the LDPC decoder hardware can be designed to support the peak rate corresponding to the highest MCS level (e.g., 256QAM @ 8/9 code rate). The hardware should be at least capable of sustaining this data rate when it is scheduled continuously at this MCS level and assuming no retransmission. However, this is in fact not enough for such UEs to operate correctly in the NR network.
As analyzed in [1], LDPC decoders requires 40% more time to decode the same number of coded bits at 2/3 code rate than at 8/9 code rate. Considering across all MCS range, it is shown in [1] (copied in Figure 1 below) that more than 10 MCSs out of 26 MCSs requires longer LDPC decoding time than for the peak MCS. If the LDPC decoder hardware is not budgeted to finish decoding these MCSs within a scheduling time unit (e.g., a slot), the UE will always report NACK when these MCSs are scheduled by the gNB. The users will observe the peak data rate only at extreme rate occasion and find the link to achieve no more than half of the advertised peak rate. The NACK feedback will cause the network to unnecessarily retransmit the entire TB(s) further degrading the network performance.

Observation 1 More than 1/3 of the MCS levels require longer LDPC decoding times than for the peak MCS level.
[bookmark: _Ref481574169][image: ]
[bookmark: _Ref481604273]Figure 1 Normalized decoding latency vs. MCS index. For the 11 MCS levels above the red dashed line, the LDPC decoder requires longer decoding time than for the peak MCS.
It is therefore necessary to set requirement such that a UE category supporting  spatial layers on a bandwidth of  shall sustain continuous reception of any MCS scheduled on these spatial layers and bandwidth assuming no retransmissions. This requirement can be enforced by designing a RAN4 throughput test for the MCS corresponding to the lowest code rate of the highest modulation order (e.g., MCS 20 in Figure 1). For this test, a 99% normalized throughput point should be checked.

Proposal 1 a UE category supporting ν spatial layers on a bandwidth of W shall sustain continuous reception of any MCS scheduled on these spatial layers and bandwidth assuming no retransmissions.

Scheduling and HARQ-ACK timing
The different timing relations (in slots) are listed below, including our preference in minimum values.
· K0: Delay between DL grant and corresponding DL data (PDSCH) reception
· LTE supports K0=0 and this should obviously be supported by all NR UEs as well, i.e. all UEs are capable of receiving DL control in the same slot as the associated DL data. 
· K1: Delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL
· It is important to have the possibility for ‘same slot’ ACK, i.e. K1=0. If it is agreed that some low-end UEs cannot support K1=0 the specifications must support an alternative value. Since technology has progressed significantly since the incarnation of LTE and NR should support significantly lower latency than LTE, it is proposed to make this value K1=1, at least for the short PUCCH.
· K2: Delay between UL grant reception in DL and UL data (PUSCH) transmission
· For the same reasons, the specifications should support K2=0 while some low-end UEs may support K2=1 only.
· K3: Delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL
· This is up to the implementation; no need to specify anything.
The timing relations above are given under the assumption that the same numerology is used for control and data. If different numerologies are used, the length of a slot depends on the numerology used. 
Note that the processing times above are what a UE should be capable of. The network may for different reason use different timing relations, e.g. hybrid-ARQ feedback later than what the UE is capable in order to coexist with TD-LTE.
Finally, if multiple values of K1 and K2 are supported, the longer value should be the default during e.g. initial access before the UE has declared its capabilities.

Proposal 2 Adopt the following timing relations for NR:
· K0=0 supported by all UEs
· K1=0, possibly also K1=1 depending on UE capability.
· K2=0, possibly also K2=1 depending on UE capability.
· No need to specify K3.



Conclusion
We analyzed the processing time and made the following observation:
Observation 1 More than 1/3 of the MCS levels require longer LDPC decoding times than for the peak MCS level.
We hence propose
Proposal 1 a UE category supporting ν spatial layers on a bandwidth of W shall sustain continuous reception of any MCS scheduled on these spatial layers and bandwidth assuming no retransmissions.
Proposal 2 Adopt the following timing relations for NR:
· K0=0 supported by all UEs
· K1=0, possibly also K1=1 depending on UE capability.
· K2=0, possibly also K2=1 depending on UE capability.
· No need to specify K3.
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