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1 Introduction

In RAN #80, a WI ‎[1] was approved for improvement for machine type communication for NB-IoT UE’s including following objectives: 
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In RAN1 #96, the following agreements were reached:

Agreement 

When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.
Agreement

For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.

· PUR search space is the search space where UE monitors for NPDCCH

· FFS: Whether PUR search space is common or UE specific

Agreement

In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”

· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer

· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

Agreement

In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes

· Above applies for the case where the UE is configured to use the serving cell change attribute

Agreement

For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 

· FFS: Whether to introduce new field in DCI or reuse existing field

· RAN2 can decide if a higher layer PUR ACK is also supported

Agreement

When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 

· FFS whether only TA is acquired and then data sent on PUR is supported

· FFS other approaches to obtain a valid TA

Agreement

In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:

· Timing advance adjustment 

· UE TX power adjustment

· FFS: Repetition adjustment for NPUSCH

FFS: Whether the above update is done in L1 and/or higher layer

Agreement

In idle mode, the PUR search space configuration includes at least the following: 

· NPDCCH repetitions and aggregation levels 

· NPDCCH starting subframe periodicity (variable G)

· Starting subframe position (alpha_offset)

Agreement

For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 

· Time domain resources including periodicity(s) 

· Note: also includes number of repetitions, number of RUs, starting position

· Frequency domain resources

· TBS(s)/MCS(s)

· Power control parameters

· Legacy DMRS pattern

This contribution is intended to assess the procedures for pre-allocated uplink resources while remaining in the scope of the WI and compliant with the agreements and specs for this WI.
2 Discussion

In RAN1 #94 there were several agreements regarding the support of pre-allocated UL resources for NB-IoT UE’s. It was agreed to categorize PUR into 3 types. Dedicated PUR is defined as a NPUSCH resource for a single UE. Contention-free shared (CFS) PUR is defined as an NPUSCH resource for several UEs without contention. Lastly, contention-based shared (CBS) PUR is defined as an NPUSCH resource for several UEs contending on the transmission. In this contribution we’ll further explore dedicated PUR and its mechanisms. 
2.1 Time Alignment Timer Considerations for D-PURIn RAN1 #94bis it was agreed to validate time alignment in IDLE mode with Time Alignment Timer (TAT). It was also agreed a UE can expect an UL/ACK grant after a transmission of a dedicated PUR. This section discusses the details of the UL grant/ACK and its use for TAT extension.
For a lower complexity implementation and to ensure upgradability of the feature it is preferred to reuse one of the existing DCI formats.
Proposal 1: For D-PUR UL grant / ACK reuse existing DCI. 
A cat-NB UE that uses PUR might be a tracking device. Such device might have periodic updating of its tracking information. In this use-case we can see a device having several transmissions per time frame while in movement. This UE would still be able to transmit using PUR because its TAT has not expired, and it is within the bounds of its required NRSRP measurements. However, during this time its TA might change a bit, and although the eNB can still decode said transmission, it may wish to update the TA. The UE may discard the PUR resources and connect back to the NW for a new PUR configuration, but this seems very inefficient. Alternately we can allow the NW to adjust the TA configuration and extends its validity. This was agreed upon in RAN1#96. 
Observation 1: For some NB-IoT applications, the UE makes at most small changes in location between PUR transmissions, which translates to minimal changes to TA.
To allow the NW to adjust the UE TA, the UE search space for PUR ACK/UL Grant DCI could be followed with a second search space for NPDSCH scheduling DCI with allocation for a DL timing advance (TA) MAC update message. 
2.1.1 Second DCI message
Figure 1 below outlines PUR NPDCCH transmission flow chart. One of the advantages in having a second NPDCCH search space is it allows flexibility for the network. As seen in the chart in Figure 1, not in every scenario it is required to transmit in both search spaces. Using the NPDSCH scheduling DCI allows for the UE to update its TAT, resulting in allowing for more PUR transmissions without the need for a new configuration.
The transmission of MAC-TA update may also implicitly tell the UE it may keep PUR for another ‘n’ transmission, as a result of extending the TAT. Consequently, allowing infinite PUR. On the other hand, using a MAC-TA transmission there remains the network’s ability to terminate the PUR allocation. Usually, when transmitting messages using L2, it requires several back and forth messages to allow security and high reliability. However, for TA update it is not necessary to allow for high security – as it’s transmitted during the RACH procedure.

Another advantage is there is less of standard work required, as we reuse existing DCIs instead of specifying a new one. This also results with less complexity for the UE implementation.  
Observation 2: Using two DCIs, one for HARQ response and another for TA update allows for infinite D-PUR with network control, flexibility, more use cases for the UEs, and less complexity from the UE’s perspective.
On the other hand, a second search space suggests a longer search time. the longer search time is more than compensated by the power saving of not having to connect to the network for periodic PUR reconfiguration, or requests for TA updates by the UE (by legacy methods). Furthermore, as explained below, in most cases the 2nd SS is not used, and the UE does not consume power monitoring it.
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Figure 1 - PUR NPDCCH transmission flow chart

2.1.2 Second DCI for dedicated PUR in idle vs connected mode

In Figure 1, NDI field is used to flag the UE whether to expect a second DCI or not in idle mode and thus the UE must monitor the second SS only in the case where the eNB needs to schedule both UL retransmission and a TA MAC CE. This mechanism is not required in connected mode.
Observation 3: Using NDI field to flag the UE if to use the 2nd SS in idle mode D-PUR could save power for the UE.

Proposal 2: After dedicated PUR instance a UE can expect 2 DCIs. One for HARQ feedback, another for MAC-TA update message scheduling.
Proposal 3: The NW use the NDI field as a flag to notify the UE whether there will be another DCI transmission for MAC-TA update message scheduling.
2.2 Skipping PURIn RAN #95 it was agreed that “For dedicated PUR in idle mode, the UE may skip UL transmissions”. This allows for a UE in Idle mode to skip a transmission when its buffer is empty and thus conserve energy. However, this method is wasteful in two main manners. One manner is that skipped resources cannot be allocated to other users. For cat-NB devices in extreme coverage mode an UL transmission will require repetitions. Therefore, a dedicated PUR will waste several PRB per skipped transmission. A second disadvantage for skipping transmission without notice, is the eNB cannot know whether the device, while in Idle mode, has moved enough to no longer be able to use the allocated PUR. Several PUR allocations may be lost in skipping the transmission. 
Observation 4: Skipping PUR transmission is resource inefficient.
Observation 5: Serving cell is unaware of UE moving out of the cell coverage until after the UE connects to another cell in the network.
In addition, in RAN2 email discussion, it was mentioned a UE may have a certain number of skips- ‘n’ allocated to it. A UE may wish not to use a skip and reserve it for a later PUR transmission. For example, when a UE is already awake and prefers to skip waking up in a later occasion for a better overall power consumption  
Observation 6: Assuming a UE will have ‘n’ PUR skips allowed by the network, a UE may wish to reserve some of its ‘n’ skips.
To solve this, we suggest using a small, highly detectable signaling to notify the serving cell when PUR is not going to be in use the allocated PUR.
Proposal 4: Study the use of small highly detectable signaling to notify the serving cell on unused PUR.
2.2.1 Skipping PUR Signal

The suggested signal will be called in this contribution the PUR PreambLE, or PURPLE for shorthand. The advantages of PURPLE are several:

· If the signal is short enough, the energy consumption compared to a full transmission can be quite small, thus conserving power.

· It may be used for control signaling, e.g. a termination, or a prolonging request from the UE.
· It is possible to use the signaling to receive TA information afterwards, thus prolonging TAT.
· If the signal is smaller than the configured PUR while being highly detectable, it is possible for the eNB to reuse the allocated uplink resources.
The disadvantage of PURPLE is it will require the UE to wake up, synchronize to the network and transmit PURPLE when its Tx buffer is empty. Thus, increasing its power consumption. Therefore, it needs to be further studied whether to use PURPLE only in cases of extended coverage mode or in certain repetition configurations. A UE may choose instead to skip the transmission altogether using its allocated skipping.
Proposal 5: Study at which conditions it is most beneficial to use PURPLE.
In Figure 2 we have studied some possibilities for several different types of PURPLE’s. The ‘right’ preamble should be discussed and agreed upon with simulation 
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Figure 2 - miss detection possibilities for low SNR
PURPLE may also be used to send control information. If the UE would like to terminate the PUR it may use PURPLE to signal PUR termination. Thus, saving it the need to connect to the network and send an RRC message, a costly affair. 
Observation 7: PURPLE may be used to terminate transmission with better efficiency than RRC message.

Because there is no contention on the resource assignment, it is not necessary to build a singular preamble per UE. It is possible to use several specific types for example:  PUR cancellation request, PUR prolonging request, and PUR skip preamble, and have the UE transmit one of these. This will allow for more robust signals with lower probability of false detect.
2.3 Overview of using 2 DCIs and PURPLE togetherFigure 3 shows a systematic view of how PURPLE will work alongside a TA update using a second SS. For simplicity we have omitted signaling that may be transmitted inside the DCI’s to notify the UE to stop searching in the next search space.  The updating of the TAT using the received information (for example, ACK message could be used to notify the UE of correct transmission with correct TA), and the TA-MAC message information that could be transmitted. 
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Figure 3 - A flow chart giving a system view of PURPLE + TA update
3 Conclusion

In this contribution we make the following observations and proposals:
‎Proposal 1: For D-PUR UL grant / ACK reuse existing DCI.
‎Observation 1: For most eMTC applications, the UE makes at most small changes in location between PUR transmissions, which translates to minimal changes to TA.

‎Proposal 2: For D-PUR the NW is allowed to adjust the UE TA and reset the TAT. 
‎Observation 2: Using two DCIs, one for HARQ response and another for TA update allows for infinite D-PUR with network control, flexibility, more use cases for the UEs, and less complexity from the UE’s perspective. 
‎Observation 3: Using NDI field to flag the UE if to use the 2nd SS in idle mode D-PUR could save power for the UE.
‎Proposal 3: After dedicated PUR instance a UE can expect 2 DCIs. One for HARQ feedback, another for MAC-TA update message scheduling.

The NW use the NDI field as a flag to notify the UE whether there will be another DCI transmission for MAC-TA update message scheduling.

‎Proposal 4: The NW use the NDI field as a flag to notify the UE whether there will be another DCI transmission for MAC-TA update message scheduling.
‎Observation 4: Skipping PUR transmission is resource inefficient.
‎Observation 5: Serving cell is unaware of UE moving out of the cell coverage until after the UE connects to another cell in the network.
‎Observation 6: Assuming a UE will have ‘n’ PUR skips allowed by the network, a UE may wish to reserve some of its ‘n’ skips.
‎Proposal 5: Study the use of small highly detectable signaling to notify the serving cell on unused PUR.
‎Proposal 6: Study at which conditions it is most beneficial to use PURPLE.
‎Observation 7: PURPLE may be used to terminate transmission with better efficiency than RRC message.
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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








