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Introduction
NB-IoT WID was updated in RAN#70 plenary [1] and following the agreement, the discussion on the UL design can continue. Different aspects related to the detailled UL design are discussed in companion papers [2]

 REF _Ref440288303 \r \h 
[3]

 REF _Ref440288305 \r \h 
[4]

 REF _Ref440288308 \r \h 
[5]

 REF _Ref440288309 \r \h 
[6]. In this paper we would like to address some of the aspects related to the UL design of the NB-IOT that are not fully covered on the other papers.
2
Design considerations for UL
2.1 Resource scheduling
As noted the detailed UL design is still under discussion but it is apparent that could constitute multiple different dimensions when considering the resource allocation. Namely the UL access can be configured in terms of
· Numerology in case of single tone (e.g. 3.75kHz or 15kHz)

· Widht of the frequency allocation in case of mutitone transmission (e.g. number of tones  {1,2,4,8,12} or {1,3,6,12})

· Length of the time allocation (e.g. varying TTI length)
In [1] it is stated that the numerologies should be configurable by the network for single tone transmission.This would seem preferable to ensure system flexibility. When considering the NB-PUSCH, two basic options for the numerology configuration can be indentified; either it is done in a semistatic manner (e.g. by RRC/broadcast) or can be adjusted more dynamically per allocation (e.g. by DCI). Also when considering the Random Access Response, it would seem necessary to enable network to select between the numerologies to be used in response (e.g. Msg#3 and forward). Hence it would seem necessary to have in mimum capability for the network to configure the UL numerology through broadcast information for the initial access. However as there would seem to be benefit for the network to be able more dynamically adjust the used numerology (quality/capacity) enabling more dynamic configuration should also be considered.
Proposal 1: RAN1 confirms that network can configure the used numerology in the case of the single tone transmission, for NB-PUSCH and NB-PRACH. Being able to configuring the numerology more dynamically (e.g. through DCI) seems preferable but configuration through broadcast needs also be supported.
For the multitone transmission, it seems natural that at least for data transmission (NB-PUSCH) network needs to have dynamic capapbility to configure the number of tones per allocation (in PDCCH). For initial access, it would seem also preferable to enable network to choose the number of tones used in RA procedure. Of course this is realted to the UE support of single and/or multitone, how and when the support is indicated thus cannot be yet concluded. However, from system perspective it could be preferable be able to adjust the UL allocation to match, for example the radio conditions, in a most optimal manner as soon as possible. 
Proposal 2: [Pending on an agreement on the UE single/multitoned capability indication] In the case that the UE supports multitone transmission, network should be able to adjust the number of tones used in the RA procedure at earliest occasion feasible.
In the context of different single tone numerologies and scheduling, also frequency domain multiplexing has been considered. The feasibility of multiplexing different single-tone numerologies in the UL depends partly on the detailed NB-PUSCH design, but regardless of the detailed selection on the time domain structure it would seem preferable to some basic enablers in place to facilitate this, if network chooses to do so. Hence when defining the sub-carrier raster for the tone allocation, it should be done in such a manner that it allows the tones with different numerologies to be frequency multiplexed. With 3.75kHz numerology, at maximum 48 tones would fit to 180khz bandwidth and this is 4 times number of tones for 15kHz numerology. If full allocation raster is selected for 3.75kHz, this would support multiplexing towards the 15kHz tone raster. Naturally less than full raster would do as long as it is integer multiple of 15kHz raster. With the similar assumptions reverse is also true, while sparser granularity. 
Proposal 3: The sub-carrier allocation raster for the UL should support frequency domain multiplexing of tones with 3.75kHz numerology to 15kHz numerology raster.
2.2
UL power control

Majority of the earlier discussion in context of NB-IOT has been using the assumption of basically an open loop power control scheme, where the UE transmit power is using the weighted value of the pathloss together with parameters that are signaled by higher layers (dedicated or broadcast). Accounting the above discussion on the different dimensions of the resource allocation it seems relevant to consider the feasibility of the earlier assumptions for the power control. Intutively it would appear that separate parametrization for different CE levels (for intial access) and/or numerologies (in single tone) together with the resource assignment size should be considered in the UE transmit power control. Also, eventhough the details of the CRS pattern are still open, it would seem that due to the restricted total measurement bandwidth the PL estimate accuracy could be reduced compared to what has been assumed in LTE. This would lead to some necessity to enable network to be able to more dynamically adjust UE transmit power control, hence it should be understood whether a closed loop component is needed for the UE transmit power control. All these aspects ould lean towards rather similar formulation of the power control as is defined for LTE [36.213].

Proposal 4: LTE power control is used as a baseline when NB-IoT power control algoritm is defined. Possible simplifiations and streamlining are evaluated accounting reduced PL estimate accuracy.  
3
Conclusion
In this contribution we have discussed on some aspects that need to be considered when designing the NB-IOT UL and made following proposals

Proposal 1: RAN1 confirms that network can configure the used numerology in the case of the single tone transmission, for NB-PUSCH and NB-PRACH. Being able to configuring the numerology more dynamically (e.g. through DCI) seems preferable but configuration through broadcast needs also be supported.
Proposal 2: [Pending on an agreement on the UE single/multitoned capability indication] In the case that the UE supports multitone transmission, network should be able to adjust the number of tones used in the RA procedure at earliest occasion feasible.
Proposal 3: The sub-carrier allocation raster for the UL should support frequency domain multiplexing of tones with 3.75kHz numerology to 15kHz numerology raster.
Proposal 4: LTE power control is used as a baseline when NB-IoT power control algoritm is defined. Possible simplifiations and streamlining are evaluated accounting reduced PL estimate accuracy.  
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