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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on the agreement achieved in RAN 1 NR AdHoc # 2 meeting, an email discussion regarding UE processing time has been intensively proceeded. The processing times for both DL and UL data process are discussed in terms of (N1, N2), with the definition in the below:
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In this contribution, critical factors of the UE processing time (N1, N2) are discussed. Considering (N1, N2) aims to address UE process capability regardless of UE category, we believe that both a basic set of system parameter configuration as well as baseband and RF processing time should be considered.
Discussion
At first, a basic set of system parameter configuration which contributes to (N1, N2) is discussed.
TB payload size:
LDPC decoding time required in NR-PDSCH is an exponential function of the length of a code block (CB). Together with CB segmentation, TB payload size determines the number and size of CB to decode.
Subcarrier spacing:
For given transmission bandwidth, large subcarrier spacing leads to a reduced number of subcarriers, as well as a shorten time duration of each OFDM symbol.
DMRS pattern: 
DMRS-based channel estimation affects the starting time of decoding NR-PDSCH. With front-loaded pattern, channel estimation can be completed earlier. However, when additional DMRS is scheduled, it would be safer for UE to start the channel interpolation and the succeeding demapping of PDSCH after at least the first additional DMRS is received.
CSI-RS pattern: 
Depending on CSI-RS pattern, the starting time of CSI calculation is different. With CSI-RS located at an earlier part of the TTI, aperiodic CSI could be calculated earlier and a UL report could be prepared earlier. 
RE mapping:
For data-to-RE mapping, the frequency-first mapping manner could save time compared to the time-first mapping manner, as time domain pipeline of decoding CBs could be possible.
Based on the discussion above, our proposal is summarized as:
Proposal 1: A basic set of factors that contribute to the UE processing time (N1, N2) on the system parameter configuration include TB payload size, subcarrier spacing, DMRS pattern, CSI-RS pattern, and RE mapping, etc..
Besides the system parameter configuration discussed above, baseband and RF processing time should also be taken into consideration for determining UE processing time.
NR-PDCCH blind detection and DCI content parsing
NR-PDCCH carries DCIs for NR-PDSCH and NR-PUSCH, which indicate the scheduling information and aperiodic CSI request. Only after UE has identified the DCI content, can it obtain the indication for DMRS pattern and perform channel estimation for NR-PDSCH decoding; it also obtains scheduling information for NR-PUSCH and performs construction of NR-PUSCH. Furthermore, UE can obtain CSI-RS pattern for aperiodic CSI acquisition, which may be transmitted by NR-PUSCH in NR. Therefore, NR-PDCCH blind detection and DCI content parsing impact on both N1 and N2.
Aperiodic DL CSI calculation and UL reporting preparation
While aperiodic CSI request is detected in DCI, UE calculate DL CSI based on CSI-RS pattern indicated by NR-PDCCH and prepare UL CSI report correspondingly. Therefore, if the aperiodic CSI report is transmitted by NR-PUSCH, aperiodic DL CSI calculation and UL reporting preparation impact N2.
High-order MIMO detection
Considering that MIMO with increasing number of layers and modulation order is supported in NR, the timing consumed by MIMO detection may lengthen NR-PDSCH decoding. High-order MIMO detection impact N1.
L2 processing 
While UE constructs NR-PUSCH, MAC processing of merging SDUs and SDU header holds a majority of time, and thus, L2 processing impact on N2.
RF processing
The time required for NR-PDCCH and NR-PDSCH decoding can be reduced by adopting more hardware to enable parallel process, however, the attainable UE parallel processing capability should be considered under limited chip size and power consumption. Another requirement on (N1, N2) is to allow time for RF processing including warm-up and stabilization. 
Proposal 2: UE capability on baseband and RF processing should be considered.
Conclusions
To obtain reasonable UE processing time applied for various UE categories, system parameter configuration as well as baseband and RF process are discussed in this document and the following conclusions are proposed: 
Proposal 1: A basic set of factors that contribute to the UE processing time (N1, N2) on the parameter configuration include TB payload size, subcarrier spacing, DMRS pattern, CSI-RS pattern, and RE mapping, etc..
Proposal 2: UE capability on baseband and RF processing should be considered.
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