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Introduction
The Rel-17 work item for additional enhancements for NB-IoT and LTE-MTC was approved at TSG RAN#88-e with latest WID revision [1]. At RAN4 #102-e, the technical discussion on demodulation requirements for this WI was continued. The WID1 [1] lists following objective for NB-IoT involving RAN4 effort:
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 
· Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements.


Based on RAN4 #102-e discussions [2] and the approved WF [3], this contribution provides our view on BS demodulation requirements for NB-IoT 16QAM. 
Discussion
Regarding BS demodulation requirements, requirements for NPUSCH format 1 with 16QAM need to be defined as agreed at RAN4 #101bis-e [4]. 
NPUSCH format 1 16QAM requirements 
Following agreements were achieved at RAN4 #102-e and following remaining open issues were observed [3]:
	Number of allocated subcarriers
· Option 1: 3, 6, 12 tones 
· Option 2: 12 tones 
· Option 3: 3 tones
Number of scheduled RUs and TBS
· Option 1: (IRU, ITBS)=(0,15), TBS=280 bits
· Option 2: (IRU, ITBS)=(0,14), TBS=256 bits
RV: {0, 2, 0, 2}
Max number of HARQ transmission: 4


Simulation Results
Link-level simulations have been performed based on the agreed simulation assumptions in [3] with real channel and noise estimation. For TBS size, 256 bits and 280 bits were simulated, each for 3, 6 and 12 tones. 
Simulation results for SNR required at 70% of maximum throughput are summarized in Table 1.
Table 1: SNR at 70% of maximum TP of proposed new FRCs for 16QAM in NB-IoT uplink
	Reference channel
	3 tones /
256 bits
	3 tones /
280 bits
	6 tones /
256 bits
	6 tones /
280 bits
	12 tones / 256 bits
	12 tones / 280 bits

	SNR [dB]
@TP=70%, ETU1, with HARQ
	4.92
	5.48
	5.46
	6.04
	5.06
	5.67


It can be seen from Table 1, that the required SNR figures, as observed in the simulations, are quite close to each other, roughly between 5 and 6 dB. There is a difference of about 0.5 dB in average between both TBS’s and a maximum difference of 0.5 dB between different number of tones for each TBS. 
The required SNR figures, as observed in the simulations, are quite close to each other, roughly between 5 and 6 dB. There is a difference of about 0.5 dB in average between both TBS’s and a maximum difference of 0.5 dB between different number of tones for each TBS.
Regarding selection of TBS for NPUSCH 16QAM performance requirements, as commented at RAN4 #102-e, we have a preference to use a TBS of 280 bits versus 256 bits, since better corresponding to the expected higher SNR operating point for NB-IoT 16-QAM in general. Thus, performance requirements for 12 tones and TBS of 280 bits should be specified. 
To cover deployments with lower number of tones, e.g. cell-edge scenarios as depicted in [5], we propose to define performance requirements also for 3 tones with the same TBS of 280 bits. We can then agree to omit performance requirements for 6 tones. 
The following proposal is made.
	Define new uplink FRCs for 16QAM NPUSCH format 1 demodulation requirements in TS 36.104, based on TBS of 280 bits, for 3 and 12 tones only and according to simulation assumptions in R4‑2207200.
Conclusion
This contribution has provided our view on BS demodulation core requirements for NB-IoT 16QAM, as part of the Rel‑17 NB-IoT feature [1].
Following observation was made:
1. The required SNR figures, as observed in the simulations, are quite close to each other, roughly between 5 and 6 dB. There is a difference of about 0.5 dB in average between both TBS’s and a maximum difference of 0.5 dB between different number of tones for each TBS.
Following proposal is submitted for discussion: 
1. 	Define new uplink FRCs for 16QAM NPUSCH format 1 demodulation requirements in TS 36.104, based on TBS of 280 bits, for 3 and 12 tones only and according to simulation assumptions in R4‑2207200.
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