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Introduction
Two new PUSCH formats are in NB-IoT introduced for both 3.75KHz and 15KHz subcarrier spacing transmission. In this paper, we discuss NPUSCH performance requirements for supporting NB-IoT UEs.
Discussions
Legacy PUSCH performance requirements
For supporting regular UEs, the following PUSCH performance requirements are defined in TS 36.104 [1]:
· PUSCH performance requirements in multipath fading propagation conditions
· The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR under multipath fading propagation conditions.
· UL timing adjustment requirements 
· The performance requirement of UL timing adjustment is determined by a minimum required throughput for the moving UE at given SNR. The performance requirements assume HARQ retransmissions.
· Requirements for high speed train
· The performance requirement of PUSCH for high speed train is determined by a minimum required throughput for a given SNR.
· Requirements for HARQ-ACK multiplexed on PUSCH
· Two performance requirements are defined for HARQ-ACK multiplexed on PUSCH, namely ACK false detection and ACK missed detection requirements. The ACK false detection probability for PUSCH is the probability that ACK is detected when data only is sent on symbols where HARQ-ACK information can be allocated (i.e. by puncturing data). The ACK missed detection probability for HARQ-ACK multiplexed on PUSCH is the conditional probability of not detecting an ACK when it was sent on PUSCH resources.
· Requirements for PUSCH with TTI bundling and enhanced HARQ pattern
· The performance requirement of PUSCH configured with TTI bundling and enhanced HARQ pattern
NPUSCH Channel
In order to determine what kinds of performance requirements needed to NPUSCH, we will first take a brief review on the NPUSCH for supporting NB-IoT UEs in Rel-13.
NPUSCH Subcarrier Spacing


Two subcarrier spacing are supported in NPUSCH:  and .
NPUSCH Formats
NB-IoT PUSCH introduces two new PUSCH formats:
· NPUSCH format 1 for the UL-SCH
· Modulation: BPSK or QPSK for single tone transmission and QPSK for multi-tone transmission
· NPUSCH format 1 coding for includes CRC attachment, channel coding, and rate matching
· NPUSCH format 2 for ACK/ NACK transmission
· Modulation: BPSK and single tone transmission only
· NPUSCH format 2 coding includes only channel coding, where 1 HARQ ACK/ NACK bit is coded into 16 all ‘0’ or all ‘1’ bits.

NPUSCH repetitions
One of the main differences between legacy PUSCH and NPUSCH transmission is that NPUSCH may be transmitted multi-times times. 


For NPUSCH format 1, NPUSCH transmission is repeated in N times, where  where the value of repetition number  {1, 2, 4, 8, 16, 32, 64, 128} and the value of resource unit {1, …, 10} are given in the corresponding DCI and the value of  (16 for , and {2,4,8,16} for ) is the number of NB-IoT UL slots of the resource unit corresponding to the allocated number of subcarriers in the corresponding DCI. 


For NPUSCH format 2, NPUSCH carrying ACK/NACK response is transmitted in  consecutive NB-IoT UL slots, where the value of  {1, 2, 4, 8, 16, 32, 64, 128} is given by AckNack-RURepetitions-Msg4 or AckNack-RURepetitions. The value of  is 4 for both  and .
NPUSCH Transmission Gap
In case of NPUSCH repetitions, after transmissions of [X] slots, a gap of [Y] slots shall be inserted where the NPUSCH transmission is postponed (Note: [X] and [Y] are currently still TBDs in TS 36.211 [2]).
Impact of SRS Transmission
NPUSCH transmission may be punctured by SRS transmission when npusch-AllSymbols is set to false. When npusch-AllSymbols is set to true, resource elements in SC-FDMA symbols overlapping with a symbol configured with SRS are still used for NPUSCH transmission.
NPUSCH Performance Requirements
For NPUSCH performance requirements, it is clear that there should be no requirement for PUSCH with TTI bundling and enhanced HARQ pattern, since the feature is not supported by NB-IoT. 
In addition, the main motivation for NB-IoT is to support low mobility applications, there seems no need to have requirements for high speed train scenario.
Furthermore, there is no strong motivation to have UL timing adjustment performance requirements due to again the low mobility of NB-IoT UEs.
Based on above discussion of the NPUSCH, we will suggest following:
· For NPUSCH Format 1, define the demodulation performance requirements under multipath fading propagation conditions for both NPUSCH subcarrier spacings. The performance requirement of NPUSCH in Format 1 should be determined by a minimum required throughput for a given SNR under multipath fading propagation conditions;
· For NPUSCH Format 2, define the performance requirements for HARQ ACK/NACK false detection. The ACK/NACK false detection probability for NPUSCH may be defined as the probability that ACK or NACK is detected when NACK or ACK is sent on NPUSCH. Unlike the legacy case, it may not need to define the ACK missed detection requirements since the eNB knows when the UE should transmit NPUSCH Format 2 based on previous NPDSCH/NPUSCH/DCI scheduling, and the content NPUSCH Format 2 has be either ACK or NACK.
Conclusion  
In this contribution, we discussed the BS NPUSCH Performance Requirements. Based on the discussion, it is proposed that
· No need to define NPUSCH requirements for high speed train scenario.
· No need to define NPUSCH UL timing adjustment performance requirements.
· For NPUSCH Format 1, define the demodulation performance requirements under multipath fading propagation conditions for both NPUSCH subcarrier spacings. The performance requirement of NPUSCH in Format 1 should be determined by a minimum required throughput for a given SNR under multipath fading propagation conditions;
· For NPUSCH Format 2, define the performance requirements for HARQ ACK/NACK false detection. The ACK/NACK false detection probability for NPUSCH may be defined as the probability that ACK or NACK is detected when NACK or ACK is sent on NPUSCH. Unlike the legacy case, it may not need to define the ACK missed detection requirements since the eNB knows when the UE should transmit NPUSCH Format 2 based on previous NPDSCH/NPUSCH/DCI scheduling, and the content NPUSCH Format 2 has be either ACK or NACK.
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