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Introduction
In RANP#80, New WID on Rel-16 MTC enhancements for LTE for 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

In this contribution, we present our ideas on resource configurations, data transmission and retransmission techniques, and fallback mechanisms for grant-free uplink data transmission in pre-configured resources for Release 16+ MTC UEs. We also highlight items as starting points for further discussion in the realm of this topic during the course of the release. Additionally, we provide initial simulation results demonstrating the viability of uplink multi-user MIMO transmissions at low SNRs, setting the stage for ensuing designs of shared resources for grant-free uplink data transmission in pre-configured resources.
Resources and schemes for grant-free uplink transmission
Dedicated (unicast) vs shared (broadcast) resources
Resources pre-configured for grant-free uplink (UL) transmission may, depending on the use case, be either (i) dedicated for specific UEs—i.e., these resources are contention-free, or (ii) a shared resource pool over which all UEs capable of grant-free UL transmission may transmit in a potentially collision-based setting. The case for dedicated resources may arise when a UE has, for example, periodic data to send to the eNB. For instances where a UE may need to proactively transmit data to the eNB, it may use the shared resource pool for grant-free UL transmission. As such, the designs for dedicated resources and shared resources may be different—for example, in terms of periodicity, bandwidth etc.
Proposal 1: Study the design of dedicated pre-configured contention-free UL resources for UEs that have periodic data to transmit.
Proposal 2: Study the design of shared, pre-configured collision-based UL resources for all UEs to proactively transmit data.
Idle mode vs connected mode grant-free transmission
In idle mode, the UEs have to go through an uplink synchronization procedure before they can make a request for and be assigned an uplink grant to send data—this is often an elaborate process, especially for UEs that are deemed to have an already valid timing advance and may hence bypass legacy RACH procedures. The support for grant-free transmissions in idle mode for such UEs (i.e., those with deemed valid TAs) significantly enhances the transmission efficiency and power consumption—be it for the use case of sending periodic data to the eNB over dedicated resources, or for proactively sending aperiodic data over the shared resources. Internet-of-Things (IoT) applications typically have stationary UEs with sparse data to transmit, and thus, transitioning to connected mode is a large overhead towards the overall power consumption of the UE. Having said that, it is important for such idle mode UEs to have a mechanism to verify that their TA is still valid within acceptable margins—e.g., the UE may use downlink reference signals for this purpose.
For UEs in connected mode, uplink synchronization has already been established; as a result, the UEs have a mechanism to request (via UCI) and get assigned (via DCI) dedicated grants for UL transmission. In this case, the efficiency and power benefits derived from grant-free transmission are expected to be less than that for idle mode. As an option for grant-free transmission in connected mode, instead of such resources being present always, the eNB may send a trigger to enable/disable such resources as deemed appropriate. This would also be more efficient from an overhead perspective in connected mode and may allow a UE to bypass the Scheduling Request (SR) procedure when such resources are present.
Observation: The expected gain from using pre-configured UL resources for idle mode is higher than that for connected mode.
Proposal 3: Prioritize the design of pre-configured UL resources for idle mode (over connected mode).
Proposal 4: Study techniques that allow an idle mode UE to verify whether its TA is still valid.

Proposal 5: If pre-configured UL resources are supported for connected mode, consider a trigger based enable/disable approach.
Addressing UEs with different coverage levels in the network
In a network, there may be different UEs at different levels of coverage. To that end, the design of pre-configured UL resources should take coverage levels into consideration. For example, UEs at a coverage level of 144 dB MCL may transmit in resources configured with fewer number of repetitions, while UEs at a coverage level of 164 dB MCL may require pre-configured resources with a larger number of repetitions. It would be wasteful to configure resources with an unnecessarily large number repetitions for UEs with good coverage levels. In addition (as will be illustrated in the simulation results), resources with a large number of repetitions that cater to UEs in bad coverage may—due to the low SNR regime of operation—be able to support simultaneous transmissions from multiple such UEs over the same resource without much degradation in performance.
Proposal 6: Support varying levels of number of repetitions, bandwidth, periodicity and admissible simultaneous transmissions for pre-configured UL resources with varying levels of desired coverage.
Resources and transmission schemes for DMRS and data
For shared pre-configured collision-based UL resources, a key design decision is the maximum number of UEs that can be supported (i.e., all UE transmissions detected at the eNB) in a resource. Moreover, this design choice is expected to be different for DMRS and data resources. In general, a higher degree of orthogonalization is required for DMRS resources than for data resources. This is due to the fact that at the (low) SNR regimes of interest, one can decode multiple colliding UL transmissions from different UEs without making changes to the eNB receiver (where the number of detectable UEs is often greater than the number of receive antennas at the eNB) as long as the DMRSs used by the UEs are orthogonal. This is due to the fact that, at low SNR levels, the transmissions will be noise-limited rather than interference limited. As a result, the DMRS resources that link to a shared data resource will need to support at least as many orthogonal DMRS sequences (orthogonalized by cyclic shifts, comb patterns, time domain orthogonal cover codes (OCCs), or some combination of these) as the number of simultaneously transmitting UEs that can be detected in the associated data resource.  
Proposal 7: Support UL MU-MIMO in shared pre-configured UL resource for data. Study the number of transmitting UEs that can be detected with an MU-MIMO receiver at the eNB under different SNRs and CE levels.
Proposal 8: Design pre-configured DMRS resources to support at least as many orthogonal DMRSs as the number of detectable UEs with UL MU-MIMO in the shared data resources linked to the DMRS resources.
Further properties and parameters of resources
In general, the specification of pre-configured UL resources for data transmission will comprise several items that are to be agreed upon, going forward. In Table 1 below, we summarize some of the properties and parameters pertaining to the specification of these resources that will guide further study on this topic.
Table 1: Parameters and properties of pre-configured UL resources
	Pre-configured UL Resource Parameters
	Example ranges and determining factors

	Resource set bandwidth
	Sub-PRB to 6 PRB—may depend on use cases, desired CE level, DMRS vs data.

	Number of repetitions
	May follow usual eMTC specifications—will depend on CE level addressed by the resource.

	Periodicity
	May be determined based on maintaining a certain overhead ratio or on UE requirements.

	Number of UEs supported per resource
	May be determined by CE level of the resource—lower SNR regimes can support larger number of simultaneous UEs.

	Number of resource sets per CE level
	May depend on traffic density, resource bandwidth, MU-MIMO detection performance.

	Hopping pattern across repetitions
	May be similar to eMTC specifications.

	Redundancy Version (RV) cycling pattern
	May be similar to eMTC specifications.

	Allowed Transport Block Sizes (TBSs) and modulation orders
	176 bits, 256 bits; QPSK.

	UE power levels and power control
	May employ new higher layer power control parameters specific to UL transmission in pre-configured resources.

	Allowed multiplexing schemes for DMRS
	Cyclic shifts, time domain OCC across symbols and/or subframes, Comb.

	Allowed multiplexing schemes for data
	Symbol/Subframe level OCC, Comb

	Subframe (DMRS) format
	“Front-loaded” DMRS with additional DMRS symbols if needed.



[bookmark: _Hlk521601910]Proposal 9: Agree on the properties and parameters pertaining to the pre-configured UL resources for data transmission as outlined in Table 1. 
Physical layer performance evaluation
Simulation parameters to be agreed
To guide performance evaluations and comparisons going forward, the parameters outlined in Table 2 may be considered.
Table 2: Simulation parameters to be agreed
	Simulation Parameter
	Example values

	Wireless channel model
	ETU

	Doppler spread
	1 Hz

	Desired coverage levels
	144dB, 154 dB, 164 dB MCL

	eNB noise figure
	5 dB

	Max. UE power level
	23 dBm

	Number of eNB Rx antennas
	2, 4

	Number of UE Tx antennas
	1

	Timing Advance
	Valid within cyclic prefix



Proposal 10: Agree on the simulation parameters to guide further study and evaluation, as outlined in Table 2. 
UL MU-MIMO performance with increasing number of repetitions
To evaluate the performance of our proposed MU-MIMO transmission approach for data transmission in pre-configured collision-based UL resources, we perform uplink simulations for eMTC UEs for different number of UEs sharing the resource with varying levels of CE repetitions. The settings used in our simulations are described in Table 3.
Table 3: Settings used for UL MU-MIMO performance evaluation in eMTC
	Parameter
	Value/Description

	Channel model and doppler shift 
	ETU 1Hz

	Shared Resource Bandwidth
	2 PRBs (contiguous)

	Number of repetitions in a resource
	Up to 64 repetitions (subframes)

	RV cycling pattern across repetitions
	RV0, RV2, RV3, RV1, …

	Number of UEs transmitting in (entire) resource
	Up to 8 ( channels () are i.i.d)

	Subframe format
	Same as legacy LTE—DMRS in symbol 3 of every slot

	DMRS multiplexing across UEs
	DMRS sequences differentiated by cyclic shifts

	Transport Block Size and Modulation Order
	176 bits TBS with QPSK

	Number of eNB Rx antennas
	2



In Fig. 1, we plot the uplink error performance of a single UE in different MU-MIMO environments (ranging from 1 UE to 8 UEs transmitting simultaneously) for increasing number of CE repetitions. The channels from ,  are i.i.d. From the figure, we observe that the MU-MIMO detection performance improves significantly with increasing number of repetitions (i.e., in the low SNR regimes). For example, at a BLER of  the performance penalty at a given UE from employing 4 UE MU-MIMO (blue curves) over not employing MU-MIMO (cyan curves, corresponding to only 1 UE transmitting) reduces from 2.5 dB at 8 repetitions to 0.5 dB at 64 repetitions. The reduction in performance penalty is even more pronounced for 8 UE MU-MIMO (red curves). These results imply that, especially at low SNR levels, the resources/DMRS should be designed to at least partially cope with collisions—note that for most of the cases below, there is “MIMO overloading”, i.e., there are more UEs transmitting than receive antennas at the eNB, but the eNB is still able to detect multiple UEs with high reliability due to the noise-limited regime and orthogonal DMRSs.
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Figure 1: UL MU-MIMO performance of an eMTC UE
We expect that the bunching together of the MU-MIMO performance curves will become more pronounced with the following factors: (i) increased data bandwidth at same TBS—i.e., a lower effective coding rate, (ii) even lower SNR ranges of operation—for example to address the 164 dB MCL UEs in CE mode B.
The simulation results therefore substantiate our proposal to study overloaded MU-MIMO performance in pre-configured collision-based resources for grant-free UL transmission.
Retransmissions and fallback to legacy PRACH/EDT
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Figure 2: Flowchart describing the retransmission and fallback mechanisms from a UE perspective
In this section, we outline possible options and procedures that may apply when a transmission in a pre-configured UL resource by a UE fails to be decoded at the eNB. The procedures outlined here apply to the shared resources, since dedicated resources may follow ACK/NACK procedures similar to grant-based schemes. 
At a high level, after a UE selects a resource (from the pre-configured resource sets for grant-free UL transmission), picks a DMRS sequence, and transmits data to the eNB, it may wait for a response from the eNB within a certain window of time—similar to a random-access response in legacy random access procedure. Depending on whether it receives a response—and if it does, depending on the contents of the response message—the UE may either (i) perform a HARQ retransmission using the same resources and DMRS sequence as the first time, (ii) receive a new dedicated grant for retransmission, (iii) perform a (UE initiated or eNB initiated) fallback to legacy PRACH-based random access or to the Early Data Transmission (EDT) mode introduced in Release 15. The response message from the eNB, if received, may also contain additional information, such as timing advance refinements and power control updates.
It is important to keep in mind that whether or not the eNB sends back a response that the said UE can interpret will depend upon whether or not the eNB can detect the presence of the DMRS sequence that was chosen by the UE for the first transmission in the pre-configured UL resources. If the eNB cannot detect the DMRS sequence transmitted by the UE, it doesn’t have a way to figure out that there was data transmission associated with that DMRS sequence from a UE; as a result, it cannot send back a (negative) acknowledgement to the UE. If, however, the eNB detects the presence of the said DMRS sequence, even if it cannot decode the data associated with the DMRS, it can send a response (in PDCCH and/or PDSCH)—tied to that DMRS—that can be interpreted by the said UE (and potentially by other UEs that may have selected the same DMRS sequence). If the UE fails to receive a response tied to the DMRS sequence, it may—of its own accord—initiate a retransmission (in the same, or newly selected pre-configured resource), perform a power ramp-up, or fall back to a legacy transmission mode. The possible procedures outlined in the above paragraphs are illustrated in the flowchart (from a UE perspective) in Fig. 2.
Proposal 11: Study mechanisms and procedures for retransmissions and fallback to PRACH/EDT, the determination of which may depend upon an eNB response message tied to the DMRS sequence used by a UE.
Proposal 12: Study possible additional information conveyed by the aforementioned eNB response message—for example, timing advance refinements and power control updates.
Proposal 13: In case of eNB response initiated fallback to PRACH/EDT, consider skipping the initial steps (for example, skipping transmitting a legacy PRACH preamble) of the fallback mode whenever possible.
Summary of Proposals
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Proposal 5: If pre-configured UL resources are supported for connected mode, consider a trigger based enable/disable approach.

Proposal 6: Support varying levels of number of repetitions, bandwidth, periodicity and admissible simultaneous transmissions for pre-configured UL resources with varying levels of desired coverage.
Proposal 7: Support UL MU-MIMO in shared pre-configured UL resource for data. Study the number of transmitting UEs that can be detected with an MU-MIMO receiver at the eNB under different SNRs and CE levels.
Proposal 8: Design pre-configured DMRS resources to support at least as many orthogonal DMRSs as the number of detectable UEs with UL MU-MIMO in the shared data resources linked to the DMRS resources.
Proposal 9: Agree on the properties and parameters pertaining to the pre-configured UL resources for data transmission as outlined in Table 1.
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Proposal 13: In case of eNB response initiated fallback to PRACH/EDT, consider skipping the initial steps (for example, skipping transmitting a legacy PRACH preamble) of the fallback mode whenever possible.


1/1
image1.png
- ® = (HUE #Rep)=(4.8)
—e— (b #Rep)=55)

e = (e ey
—8— (HUE #Rep)=(8.64)

20 45 10 5 0 5
SNR per UE (dB)





image2.png
Select pre-configured resource set from
pool of resources and select DMRS
sequence from pool of DMRS sequences

Transmit UL data and DMRS in selected
resource set

Received Response from eNB
within certain time window (i.e.,
DMRS sequence detected)?

YES

ACK received (data decoding

NO

Process eNB response to determine next steps, including:
1. Transmit in new dedicated grant
2.Apply TA refinements
3. Apply power control adjustments
4. Perform hard or soft fallback to PRACH/EDT

succeeded?)

YES

!

Success

Retransmit (with possible
power ramp up) or perform
UE-initiated fallback




