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1   Background
Additional enhancements for NB-IOT in Release 16 core part was almost completed. The core part is shown in contribution [1] as follows:

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes

Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.
Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

· Random access performance

· Radio link failure (RLF), if needed

Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]

· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

Mobility enhancement:

· Specify power efficient NB-IoT mechanism which would assist idle mode inter-RAT cell selection for NB-IoT to and from LTE, LTE-MTC and GERAN [RAN2]

Coexistence with NR

· Specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier [RAN1, RAN2].

· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR

· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR

· Synchronization issue between NR and NB-IoT, including timing advance

· Frequency band support in NB-IoT and NR
· Testability applicable to RF

· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.
Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-IDLE

· Support of User Plane CIoT optimization

· Support of EDT for Data over NAS and User Plane CIoT optimization

· Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)

· Support of restriction of use of Enhanced Coverage

· Delivery of Expected UE Behaviour information to the RAN

· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC


In this contribution, we analyses the possible demodulation performance requirements for UL NB-IoT.
2   Discussion

The new enhancement features for NB-IOT for UL are shown as follows, we will give our analysis from the point of demodulation.
2.1   Support for transmission in preconfigured UL resources
Re-16 NB-IOT specify the feature that UE can transmit the data on the PURs without the dynamic UL grant, which can reduce a lot of signaling overhead. Latency caused by the scheduling request, waiting for and decoding the associated UL grant and performing the initial access procedure can be much reduced. This feature improved UL transmission efficiency and/or UE power consumption but has nothing to do with demodulation performance. The reason is that it is agreed preconfigured UL resource is defined as an NPUSCH resource but there is no change for the structure of NPUSCH. So there is no need to define the performance requirements for transmission in preconfigured UL resources, it can belong to RRM core part.
Proposal 1: No need to define the performance requirements for transmission in preconfigured UL resources.
2.2   Scheduling of multiple DL/UL transport blocks
The conclusions are as follows:

For unicast, for a Rel-16 UE configured with multiple TB scheduling:

· When one TB is scheduled by the DCI, the repetitions for one transport block are contiguously transmitted

· When multiple TBs are scheduled by the DCI

· The repetitions for one transport block can be either contiguously transmitted or interleaved.

· Interleaving is an eNB configured feature

· FFS: Interleaving feature is a UE optional feature
In the Re-16 NB-IOT, one DCI can be used to schedule at most 8 TBs and both initial and retransmission of different HARQ processes, all the TBs scheduled by one DCI use the same resource assignment, MCS and repetition number. When multiple TBs are scheduled by the DCI, the situation that repetition for one TB contiguously is transmitted has been verified in Release 13, so there is no need requirement for it. When repetitions for one transport block is interleaved, the conclusion is as follows:
For the uplink multi-tone case, interleaving granularity is N* NRU *NULslots, where the NRU is the number of RUs, NULslots is the number of slots occupied by 1 RU, and N is fixed value in the specification. 

· When the repetition is less than N, interleaving is not supported. 

· FFS the value of N
· FFS on uplink single tone case.

For two UL TB case with multi-tone, the interleaving granularity is 
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 slots (i.e. one cycle). That is, one cycle of TB2 is transmitted after transmission one cycle of TB1. This is a new feature which can get time diversity gain and it is necessary to redesign the receiving algorithm.
Proposal 2: We need to define the performance requirement of Re-16 NPUSCH when the repetition for one transport block is transmitted interleaved.
2.3   Coexistence of NB-IoT with NR

RAN1#98 has pass the following agreements:
· FDD UL resource reservation is supported with subframe-level granularity

· FFS: Slot-level, symbol-level
· NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.

NB-IoT transmission is dropped for symbol-level reserved resources.

NB-IoT transmission is dropped for slot-level reserved resources.

NB-IoT transmission is postponed for subframe-level reserved resources.
This feature affect the demodulation performance of NPUSCH because some transmission blocks have been postponed which can generate gaps in repetition of TBs. The demodulation algorithm should be redesigned.
Proposal 3:  We should define the performance requirement of the coexistence of NPUSCH and NR when NB-IoT transmission is postponed for subframe-level reserved resources utilized for NR.
2.4   Test parameters and scenarios

Format of NPUSCH: The feature that scheduling of multiple UL transport blocks applies to both format1 and format2, so both format1 and format2 should be considered.
Proposal 4: We should define the performance requirement of both NPUSCH format1 and format2.
Subcarrier spacing and number of allocated subcarriers: The feature that repetition of one TB is interleaved transmitted is only applied to multi-tone, so we propose that for format1, the case that SCS is 3.75 kHz should be dropped, the cases that SCS is 15kHz and the number of allocated subcarriers is 3, 6 and 12 according to Release 15 should be retained. For format2, we should increase the case that subcarrier is 15 kHz meanwhile the number of allocated subcarriers is more than 1.
Proposal 5: For Release 16 NPUSCH format1, the case that SCS is 3.75 kHz should be dropped, the cases that SCS is 15 kHz and number of allocated subcarriers is 3, 6 and 12 according to Release 15 should be retained. For Release 16 NPUSCH format2, we should increase the case that subcarrier is 15 kHz meanwhile the number of allocated subcarriers is more than 1.
Number of TX antennas and Number of RX antennas: We can reuse the parameters of Release-15, so the parameters can be retained.
Proposal 6: The number of TX antennas and RX antennas in Release 15 can be retained in Release 16.
Propagation conditions: We can reuse the parameters of Release-15, so the parameters can be retained.
Proposal 7: The propagation conditions in Release 15 can be retained in Release 16.
3   Conclusion / Proposals
As per the analysis of Release 16 NB-IOT LTE BS performance requirements for additional enhancements, we give the follow proposals as follows:

Proposal 1: No need to define the performance requirements for transmission in preconfigured UL resources.
Proposal 2: We need to define the performance requirement of Re-16 NPUSCH when the repetition for one transport block is transmitted interleaved.

Proposal 3:  We should define the performance requirement of the coexistence of NPUSCH and NR when NB-IoT transmission is postponed for subframe-level reserved resources utilized for NR.

Proposal 4: We should define the performance requirement of both NPUSCH format1 and format2.
Proposal 5: For Release 16 NPUSCH format1, the case that SCS is 3.75 kHz should be dropped, the cases that SCS is 15 kHz and number of allocated subcarriers is 3, 6 and 12 according to Release 15 should be retained. For Release 16 NPUSCH format2, we should increase the case that subcarrier is 15 kHz meanwhile the number of allocated subcarriers is more than 1.

Proposal 6: The number of TX antennas and RX antennas in Release 15 can be retained in Release 16.

Proposal 7: The propagation conditions in Release 15 can be retained in Release 16.
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