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1	Introduction
[bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In RAN1#86 meeting, it was agreed that 
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· Continue study at least the following: 
· Handling of potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis
Based on these agreements, we propose grant-free retransmission with diversity and combining to achieve gains in coverage and reliability. 
2	Discussion 
In the mMTC grant-free discussions, various methods for multiple access have been proposed. However, it is essential that the preamble and data transmission options be considered together, taking into account metrics such as latency, energy efficiency, and reliability.
In this contribution, several different transmission options are proposed and evaluated.
3	Transmission options for the mMTC Grant-Free Uplink
There are several elements that might be considered for mMTC uplink transmissions including:
· Preamble to reduce base station decoding complexity
· Optional Preamble Ack to reduce unnecessary data transmissions if preamble is undetected
· Data transmission
· Data Ack 
· Data re-transmissions, if needed.

Further, the evaluation of the candidate transmission options should be evaluated in different deployment environments, e.g., interference-limited and extended coverage modes.

First, we begin by briefly describing the candidate transmission modes studied in this contribution:

Option 1: Preamble + Data + Random Backoff
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In Option 1, the data immediately follows the preamble. In this way, low latency can be achieved. If the data ack is not received, there is a random backoff, upon which the preamble and data are re-transmitted. Because the back-off is random and preamble detection may not have occurred, it is assumed that HARQ combining gains cannot be achieved. 

Option 2: Preamble + Data + Immediate Re-Tx
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In Option 2, the data immediately follows the preamble as in Option 1 and thus has the potential to achieve low latency. In the event the data ack is not received, the data is re-transmitted at known time/frequency offsets so that HARQ combining gains can be achieved. Because the preamble is not re-transmitted, however, it is possible that the preamble will not be detected and the mMTC device will waste power by sending multiple HARQ transmissions that the base station will not attempt to decode.

Option 3: Preamble + Preamble Ack + Data + Data Re-Tx
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In Option 3, there is a preamble ack which must be received before the mMTC device will transmit data. In this way, it saves unnecessary data transmissions, but introduces more latency, DL overhead, and an additional UE decoding, albeit for a short message/field. After the preamble is received, the data (and subsequent re-transmissions, if needed) may be transmitted. Because re-transmissions are assumed to be made with known time/frequency offsets, HARQ combining can be achieved.

Option 4: Preamble + Data + Immediate Re-Tx
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In Option 4, the data immediately follows the preamble, thus allowing the potential for low latency communication. In this case, however, the mMTC device may receive either a data ack, a preamble ack, or neither. If it receives a data ack, it is done. If it receives a preamble ack, it understands that its preamble was detected but its data was not; hence, it will re-transmit the data at a known time/frequency offset. Finally, if neither data nor preamble ack was received, it re-transmits the preamble with a random backoff. 

This option is a hybrid of option 1 and option 3in the sense that it has the potential to achieve low latency, but because it acknowledges data and/or preamble transmissions, also reduces the number of unnecessary transmissions, thus improving energy efficiency.

Performance Evaluation:

Next, we numerically evaluate the performance of the four transmission options using a simple Markov model based on state transition probabilities. In terms of timing between state transmissions, we have two sets of assumptions. 
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The first set of timing assumptions is generally based on the LTE synchronous HARQ uplink. 

For the second set of timing assumptions, we assumed a lower latency case where the timing from transmission to ack and ack to re-transmission is reduced. With short packets, the processing of packets at the base station may be faster. Further, the tighter timing may ultimately result in shorter wait times and improved energy efficiency for the mMTC device.

Note that when random backoff is required before a preamble re-tx, we assumed a slightly longer average time of 8 ms. In practice, the average backoff might be higher.

Regarding state transmission probabilities, we considered two deployment scenarios, one that is interference-limited and another that is for extended coverage.
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In the evaluation, two metrics are evaluated: latency to successful reception and the number of transmissions, preamble or data, required per user. The latter metric is intended to be representative of energy efficiency. The performance is shown below for the case with LTE-like timing.
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Figure 1. Latency (left) and number of transmissions (right) in the interference-limited scenario with LTE-like timing
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Figure 2. Latency (left) and number of transmissions (right) in the extended coverage scenario with LTE-like timing


Option 1 performs relatively well in the interference limited deployment, but performs the worst in the extended coverage scenario. It achieves neither the lowest latency nor is the most energy efficient for either scenario.

Option 2 performs ranks in the bottom half for both metrics in both scenarios. The poor performance results from situations when the preamble is not detected.

Option 3 achieves the smallest number of data transmissions across both scenarios, however its 5%-ile latency is the worst due to the added time associated with waiting for the preamble ack. Mean latency, however, is just slowly worse than the best scheme with extended coverage. 

Option 4 achieves the lowest latency for both scenarios. Further, it ranks near the top in both scenarios for number of transmissions.

In summary, for LTE-like timing, Option 4 provides the best balance of both deployment scenarios. However, if latency or energy efficiency is of primary concern, then Option 4 or Option 3, respectively, would perform best.



Next, consider the performance with low latency timing assumptions. As shown in Figure 3, mean performance of all four options in the interference-limited is comparable, with Option 4 performing the best. In extended coverage, the mean performance of Option 3 actually performs best, slightly outperforming Option 4. With a preamble that is detected less frequently and less timing cost associated with the preamble ack, Option 3 gains over the other schemes which perform operations even when the preamble is undetected.
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Figure 3. Latency with low latency timing in interference-limited (left) and extended coverage (right) deployments


In summary, the performance of all four options is quite dependent on the prevailing assumptions related to deployment or timing.

For the interference-limited scenario, Option 3 requires the fewest number of transmissions, followed closely by Option 4. Option1 performs well in terms of latency albeit not as well as Option 4.Further, with low latency timing, Option 3 closes the difference with the other techniques.

For the extended coverage scenario, Options 3 and 4 performed consistently better in terms of mean latency and energy 
efficiency (quantified as the number of transmit operations per packet).

Based on these results, we have the following proposals:

Proposal 1: Preamble ack should be enabled as an option to provide energy efficiency for mMTC devices that require it.

Proposal 2: The ability to transmit data immediately after preamble should be enabled as an option to minimize latency for those applications that require it. In order to improve energy efficiency in this mode, the TRP should be able to respond with a preamble or data ack.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]4	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]This contribution has considered different preamble and data transmission modes for the mMTC grant-free uplink. Based on our analysis, we have the following proposals.

Proposal 1: Preamble ack should be enabled as an option to provide energy efficiency for mMTC devices that require it.

Proposal 2: The ability to transmit data immediately after preamble should be enabled as an option to minimize latency for those applications that require it. In order to improve energy efficiency in this mode, the TRP should be able to respond with a preamble or data ack.
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* Timing Assumption: Similar to LTE

Preamble tx duration= 1 ms
Datatx duration = 1 ms

Time from preamble tx to preambleack = 4 ms (if
applicable)

Time from data tx to dataack = 4 ms

Time from absence of dataack to preamble re-tx = 8
ms (if applicable)

Time from absence of data ack to data re-tx = 4 ms
(ifapplicable)
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» Timing Assumption: Low Latency Timing

Preamble tx duration= 1 ms
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Time from preamble tx to preambleack = 1 ms (if
applicable)

Time from data tx to dataack = 1 ms

Time from absence of dataack to preamble re-tx = 2
ms (if applicable)

Time from absence of data ack to data re-tx = 1 ms
(ifapplicable)
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* Scenario 1: Interference-limited

Prob(preamble successfully detected)=0.98
Prob(datareceived after 15" tx) = 0.8

Prob (data received after n-th tx, n>1, w/
combining) = 1

Prob(datareceived after n-th tx, n>1, w/o
combining)=0.8
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* Scenario 2: Extended coverage

Prob(preamble successfully detected)=0.95
Prob(datareceived after 15" tx) = 0.3

Prob (data received after n-th tx, n>1, w/
combining)=0.5

Prob(datareceived after n-th tx, n>1, w/o
combining)=0.3
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