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1 Introduction

In RAN #80, a WI ‎[1] was approved for improvement for machine type communication for BL/CE UE’s including following objectives: 
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In RAN1 #98 [2], the following agreements were reached:

Agreement

The following WA is confirmed:

In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported

· FFS: Which PUR configurations and PUR parameters will be signaled via L1

· FFS: Definition of PUR configurations and PUR parameters
Agreement

The following WA is confirmed:

For dedicated PUR

· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement

In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.

Agreement

The PUR (re)configuration explicitly signals the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages).

Agreement

For dedicated PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k
Agreement

For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.

For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 

· FFS whether/when the UE is monitoring for early termination during the PUR transmission 

Agreement

After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.

· FFS: Details on time period

Agreement

RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis

Timing advance adjustment (including TA adjustment of 0)

UE TX power adjustment 

PUSCH repetition adjustment

Indication of PUR SS monitoring termination

Flag to indicate L1 ACK

None of the above (i.e. the legacy L1 ACK will be reused)

Note: No new indications will be considered.

Agreement

For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power

· FFS for CE mode B

· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission

· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

Agreement

The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 

FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

Agreement

After data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH

Working assumption 

For eMTC full PRB allocation, for PUR with R>= [64 or 128] repetitions:

· Allow for UE-specific cyclic shift ([2 or 4 or 8] cyclic shifts) for DMRS.

· The number of PRBs that can be allocated to a UE are the same as in legacy (e.g., max 2PRBs can be allocated to a UE in CE Mode B)

· For PUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 

· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 

Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.

Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
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 BL/CE UE’s. It was agreed to categorize PUR into 3 types. Dedicated PUR is defined as a PUSCH resource for a single UE. Contention-free shared (CFS) PUR is defined as a PUSCH resource for several UEs without contention. Lastly, contention-based shared (CBS) PUR is defined as a PUSCH resource for several UEs contending on the transmission. In this contribution we’ll further explore dedicated PUR and its mechanisms. 
2.1 MPDCCH for Dedicated PURIn RAN1 #94bis it was agreed to support HARQ for transmission of D-PUR. In RAN1 #95 it was agreed a UE can expect an UL grant upon unsuccessful decoding of the UL transmission by the eNB. It was also agreed a UE can expect a L1/L2 ACK after a transmission of D-PUR. In RAN1 #96, it was decided to specify a PUR search space. This section deliberates on the procedures of the MPDCCH search space.
2.1.1 DCI Design
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. 
2.1.1.1 TA update field in PUR ACK

In RAN1 #98 some companies have suggested adding a TA update field in the PUR ACK. Currently, TA update is done using MAC-CE which contains 6 bits. It is obvious not all 6 bits are necessary, and some companies have suggested using less bits. The use of these bits can be divided into two proposals. The first is advocating for use with higher granularity. The second promotes the same granularity. To increase the granularity in TA command might cause current implementation of cat-M UEs issues.
Observation 1: TA Update with higher granularity may cause upgradability issues with current cat-M devices.

Let us discuss the second proposal- using the same TA granularity as before and allowing for smaller range of values. Assuming the UE is transmitting in PUR is semi-static, extensive values of TA corrections are not required. However, TA corrections are still not justified. RAN2 has decided to enable a ‘L2 ACK’. In the ‘L2 ACK’ it is possible to include the current MAC-CE TA. In case a TA update is required, most likely other PUR parameters are necessary to be updated, and a ‘L2 ACK’ will be sent anyway. In addition, TA update is only relevant for non-static UEs. An immobile UE would never need to update its TA as TA is a factor of distance.
Observation 2: TA update is available with ‘L2 ACK’.
Observation 3: In case a TA update is necessary, most likely other PUR parameters will need to be updated and a ‘L2 ACK’ will be sent in any case.
Observation 4: TA update for PUR is irrelevant for static UEs.
Taking all the above under considerations, a TA field in the DCI is not necessary to all UEs, and is available in ‘L2 ACK’, it is suggested not to include TA update field in PUR L1 ACK.
Proposal 2: For D-PUR ACK don’t include TA update field to avoid wasting resources with repeated signaling. 
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 BL/CE devices in CE-Mode A and B 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 5: Skipping PUR transmission can be resource inefficient.
Observation 6: 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 7: 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 3: 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 CE-Mode A/B or in certain repetition configurations. A UE may choose instead to skip the transmission altogether using its allocated skipping.
Proposal 4: 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 8: PURPLE may be used to send other control information 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.
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: TA Update with higher granularity may cause upgradability issues with current cat-M devices.
‎Observation 2: TA update is available with ‘L2 ACK’.
‎Observation 3: In case a TA update is necessary, most likely other PUR parameters will need to be updated and a ‘L2 ACK’ will be sent in any case.
‎Observation 4: TA update for PUR is irrelevant for static UEs.
‎Proposal 2: For D-PUR ACK don’t include TA update field.
‎Observation 5: Skipping PUR transmission can be resource inefficient.
‎Observation 6: Serving cell is unaware of UE moving out of the cell coverage until after the UE connects to another cell in the network.
‎Observation 7: Assuming a UE will have ‘n’ PUR skips allowed by the network, a UE may wish to reserve some of its ‘n’ skips.
‎Proposal 3: Study the use of small highly detectable signaling to notify the serving cell on unused PUR.
‎Proposal 4: Study at which conditions it is most beneficial to use PURPLE.
‎Observation 8: PURPLE may be used to send other control information 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








