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1. Introduction
Rel-16 MTC WID [1] has an objective to improve 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

This tdoc discusses the main design decisions and issues.
2. Timing Advance (TA) Validation Mechanism
As per the WID’s objective, this feature should only be used by the UE when the UE has a valid timing advance therefore a mechanism to determine TA validity needs to be specified.  In general, the following steps will be taken for a pre-configured UL transmission (PUT):

· Periodic pre-configured UL resources (PUR) are assigned

· For each pre-configure UL transmission (PUT)
· Wait for pre-configured time

· Evaluate if TA is valid

· If TA is not valid

· Use legacy RACH procedures

· Else TA is valid

· Transmit data on pre-configured UL resource

· Get Ack with optionally updated TA and PUR
· Endif

There is no way for a UE to distinguish the difference between the UE’s XTAL clock drift and timing errors due to mobility, so simply tracking the DL signal will not guarantee valid TA.  Ideally, the TA validation mechanism should be passive such that both UE power and NW resources are optimized e.g. a mechanism based on neighbour and serving cell RRM measurements.  
We also need to define a range of what is considered valid e.g. +/- 0.5 CP.  The ability for the UE to make this determination reliably will depend on this range but will also depend on channel conditions (e.g. SNR) and neighbour state conditions and time since last TA update (e.g. 24 hours). These topics are better suited for RAN4 to study and specify so it is proposed to send a LS to RAN4 asking them to define this mechanism, and the timing advance error limit. 
Proposal: 
Send LS to RAN4 asking them to define a TA validation mechanism, the TA error limit, and any conditions when the TA validation mechanism can be used. 
3. Pre-configured UL resources (PUR) in Idle mode

The WID objective states that pre-configured UL transmissions (PUT) can be supported in idle mode and since SPS is not supported in idle mode, a new framework for pre-configured UL transmissions (PUT) can be considered. 
Periodic Resources:

Since IoT applications have very diverse transmission patterns, a very wide range of periodicity should be supported in Idle Mode e.g. once per second to once per 24hrs. To allow the eNB to balance loading, the eNB should be allowed to autonomously apply a time offset. For example, if the UE request 1 PUT per hour, the eNB may allocate an 10min offset where the PUT times would be 01:10, 02:10,03:10…

Proposal: 
Pre-configured UL transmissions (PUT) in idle mode should support a wide range of periodicities up to at least 1 day where the eNB may autonomously apply a time offset for load balancing purposes. 
To avoid padding, the UE should be able to request any valid TBS from the existing TBS table. The MCS and repetition rates are determined by the eNB based on last known coverage conditions. Since channel conditions may change, an efficient mechanism to update at least the MCS and repetitions should be supported (e.g. may be include in the NACK or ACK). 
Proposal: 
The UE can request any valid TBS and the eNB assigns the MCS/repeats. An efficient mechanism to update the MCS/repeats should be supported. 

For simplicity, there should be a 1:1 mapping of transport blocks to pre-configured UL resource (PUR) configurations – i.e. multiple TBs per PUR configuration should NOT be supported. However, multiple PUR configurations per UE should be supported to allow support of transmission of multiple TBs.  If the UE requests a similar periodicity, the eNB should try to schedule the pre-configure UL transmission close in time but not colliding to save on UE battery life. 
Proposal: 
A UE may request more than one periodic pre-configured UL resource (PUR) configuration. 
4. Mandatory or Optional Transmission
Mandatory Transmission: For legacy Connected Mode SPS, even if the UE doesn’t have any data to send, the UE must still transmit a zero padded packet at the PUR. For IoT applications, which are battery power constrained, this is not ideal, however mandating transmission does simplify some of the HARQ procedures (e.g. no need for ACKs only NACKs) – more on this later.  If the UE is mandated to always transmit and the PUR is shared with many UEs, the eNB must support multi-user detection (MUD) which increases eNB complexity. 
Optional Transmission: If the UE can optionally send data on its PUR, then the above problems are solved but other problems occur. The main problem is how do you stop UEs from oversubscribing and underutilizing PUR. One solution could be to charge UEs whether they use the PUR or not but what if the PUR is shared and what if there are collisions.  Also, in this case, HARQ is more complicated because both ACKs and NACKs need to be supported and the eNB needs a reliable DTX detection so that it knows when NOT to send either an ACK nor NACK. If the UE may optionally transmit and the PUR is shared with many UEs, the eNB would not be mandated to support multi-user detection (MUD).
Whether a UE is mandated to always transmit on a PUR or not is a fundamental design decision which should be taken early in the specification process. 
Proposal:
Decide early in the pre-configured UL transmission (PUT) design whether the UE is mandated to always transmit on a pre-configured UL resource (PUR) or not
5. HARQ and Contention Resolution
As mentioned earlier, whether the UE is mandated to transmit on its PUR or not, significantly affects the HARQ process.  Also, if the resources are shared, then contention resolution also needs to be considered in the HARQ process. 

There are three possible scenarios to consider when a UE can optionally transmit on its PUR:

1. eNB detects transmission and successfully decodes data 

eNB sends ACK which must complete contention resolution 

2. eNB detects transmission but can’t decode data 

eNB sends NACK with UL Grant but contention resolution can’t be completed

UE(s) sends re-transmission based on UL Grant

3. eNB does not detect a transmission or UE fails to see ACK/NACK
eNB sends nothing.

UE follows legacy RACH procedure to send data
There are two possible scenarios to consider when a UE is mandated to transmit on its PUR (i.e. no DTX detection is needed):

1. eNB successfully decodes data 

eNB sends ACK which must complete contention resolution 

2. eNB can’t decode data

eNB sends NACK with UL Grant but contention resolution can’t be completed 
UE(s) sends re-transmission based on UL Grant

Observation:
Whether the UE is mandated or not to transmit on its pre-configured UL resource (PUR) greatly affects the HARQ re-transmission process.

6. Shared Resources
As per the WID objectives, shared resources can be “discussed” but the decision whether to support shared resources is still open. This section discusses whether shared resources should be supported. 

With Mandatory Transmission:

If the UE is mandated to transmit on its PUR and the resources are shared, then some type of multi-user detection mechanism (MUD) is then required. The MUD is simplified in this case because the eNB would know which UEs are using the PUR.  Although there are possible methods (e.g. via orthogonal DMRS and MU-MIMO) to perform MUD without creating new waveforms (which is forbidden by the WID), these mechanisms can be complex for the eNB to implement and a mechanism to prevent DMRS collisions may also need to be implemented. 
Without Mandatory Transmission:

If the UE is not mandated to transmit on its PUR and the resources are shared, then implementation of a MUD receiver is optional by the eNB.  However, if MUD is not supported, the collision will likely result in a block error. Given this, the degree of sharing would be much less without MUD support than with MUD support. 
Given the above, the following proposal is made:

Proposal:
MUD should not be mandated and specification work to support MUD shall be considered lower priority in this WI. 

UE power consumption:
The main motivation of PUT is to save UE power consumption and signalling overhead but collisions resulting in regular re-transmissions may increase UE power consumption beyond legacy mechanisms e.g. EDT. Even if MUD is supported, to overcome the imperfect interference cancellation in the MUD receiver, more coding is needed which increases UE power consumption. So, the UE should have some prior knowledge whether the assigned PUR is shared or not, so it can make an informed decision on how it should transmit its data. Such a mechanism would add to the specification and would be complex for applications to use.

Service cost:
Given the possible negative effects of when the UE is assigned a shared PUR vs a unique PUR, the UE should NOT be charged the same in both cases but having different charging mechanisms will be complex to implement. 

Observation:
Supporting shared PUR will increase specification, UE, eNB and application complexity. 

7. Pre-configured UL resources (PUR) in connected mode

The WID objective states that pre-configured UL resources (PUR) can be supported in Connected Mode. If the idle mode PUT mechanism support a short enough periodicity, support for connected mode SPS is not needed as NB-IOT is not designed for the UE to say in connected mode for long periods. 
Observation: 
Pre-configured UL transmissions (PUT) in Connected Mode may not be needed depending on Idle Mode PUT support.

8. Conclusions
Proposal: 
Send LS to RAN4 asking them to define a TA validation mechanism, the TA error limit, and any conditions when the TA validation mechanism can be used. 

Proposal: 
Pre-configured UL transmissions (PUT) in idle mode should support a wide range of periodicities up to at least 1 day where the eNB may autonomously apply a time offset for load balancing purposes. 
Proposal: 
The UE can request any valid TBS and the eNB assigns the MCS/repeats. An efficient mechanism to update the MCS/repeats should be supported. 

Proposal: 
A UE may request more than one periodic pre-configured UL resource (PUR) configuration. 
Proposal:
Decide early in the pre-configured UL transmission (PUT) design whether the UE is mandated to always transmit on a pre-configured UL resource (PUR) or not

Observation:
Whether the UE is mandated or not to transmit on its pre-configured UL resource (PUR) greatly affects the HARQ re-transmission process.

Proposal:
MUD should not be mandated and specification work to support MUD shall be considered lower priority in this WI.
Observation:
Supporting shared PUR will increase specification, UE, eNB and application complexity.
Observation: 
Pre-configured UL transmissions (PUT) in Connected Mode may not be needed depending on Idle Mode PUT support.
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