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1. Introduction
The WID for Rel-16 MTC enhancements for LTE [1] has the following objective:

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

Agreements made for this objective in RAN1 and RAN2, are listed in section 5.

In this contribution we further discuss the support for UL transmissions using preconfigured resources.

2. Discussion
Search Space Design

At the previous meeting the following agreement was made for the search space to be used to provide ACK and UL retransmission grants.

Agreement

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

· MPDCCH narrowband location 

· MPDCCH repetitions and aggregation levels 

· MPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)

Multiple details about this search space remain to be resolved, including:
· Type of RNTI

· DCI Design of ACK message

· DCI Design of HARQ message

In our view, desirable characteristics of the dedicated PUR search space include:

·  Using resources as efficiently as possible given the diverse range of scenarios, coverage levels and services supported. 
·  Many devices will be stationary and experience a near constant level of coverage.  For these devices, a search space that can be optimised to their coverage level characteristics is preferred.

·  Some scenarios maybe bandwidth limited (e.g. coexistence with NR) and so being able to support different aggregation levels is considered important.
· Be easily extendable to allow the support of CFS PUR
·  We prefer a design of the search space that enables CFS PUR to be easily supported without significant specification effort.

·  Having unique RNTIs per UE, potentially allows multiple UEs to use the same Search Space for monitoring their ACK/NACKs

· Allows continuous PUR support even with temporary connected mode interruptions
·  Given the period between PUR transmissions could be large, we envisage scenarios where a device may require a temporary connected mode connection to respond to some sudden but temporary event, e.g. a smart meter may experience an unexpected power outage and wish to report that to an application whilst maintaining its PUR connection for its primary purpose.
In our view, the above characteristics are more closely met by using a USS style search space, albeit one that supports idle mode devices.  
Key to the USS, is the use of the C-RNTI.  Since we know that for dedicated PUR, an RRC connection needs to be established by the UE to obtain the PUR configuration, this configuration can also include the C-RNTI in addition to the PUR search space configuration.

Proposal 1: 
The initial RRC connection used to configure the PUR configuration, is also used to configure the PUR search space used for the ACK and HARQ.
To conserve resources and simplify decoding effort, the same sized DCI scrambled by the same RNTI is used for both ACK and HARQ in the same search space.  

Proposal 2: 
 The same PUR search space is used for ACK and HARQ.

Proposal 3:
 The same sized DCI, scrambled using the same RNTI, is used for both ACK and HARQ. 
Using a C-RNTI, could potentially allow several UEs to use the same PUR search space to receive their ACK/HARQ DCIs.  Unlike a common RNTI, defined by some predefined rules, the C-RNTI immediately enables multiplexing of multiple DCIs in the same search space. This ability for UEs to share the same search space is likely to be a key feature of CFS PUR (if it is specified) and something that using a common CSS style DCI doesn’t facilitate.  
Proposal 4:
 UEs using a dedicated PUR search space, monitor for DCIs scrambled by the C_RNTI 

The number of C-RNTIs allowed to use the same search space is something that can be left to implementation/deployment configuration and should take into consideration the probability of false detection.

Proposal 5:
 The number of C-RNTIs supported in one search space is an implementation choice.
Since many MTC devices are expected to be stationery, a dedicated PUR search space and associated DCI, which can be optimised based on coverage level is preferred to one is designed to accommodate the worst case.
Proposal 6:
 The dedicated PUR search space and DCI can be optimized to the coverage level.
If MTC devices within a cell using PUR are mobile and/or change coverage level often, then an option to change PUR search space and PUR configuration between PUR transmissions is desirable.  One method would be for the UE to setup a new PUR configuration each time it detects it changes coverage level.
Proposal 7:
A method exists for the dedicated PUR configuration and search space to be dynamically changed when the UE detects a significant change in coverage level.
TBS sizes supported by PUR
Note, in some scenarios, it is possible that the UE may want to send some exception reports (such as alarm conditions) at the time of D-PUR transmissions. To allow this additional report transmission, whose size may be different from the TBS intended for primary D-PUR transmission, more than one TBS size should be supported over D-PUR transmission. To reduce the decoding complexity at ENB for multiple detection, the multiple TBS transmission can be allowed in specific D-PUR allocations instead of all the occasions.
Proposal 8:
The PUR configuration used by the UE can be configured to support more than one TBS size for a specific subset of PUR occasions.
DCI Design considerations for the ACK and HARQ
As per our proposal 3, for a given coverage level the ACK and HARQ DCIs should be supported by same sized DCIs scrambled by the same C-RNTI.  To enable the UE to differentiate between these 2 DCIs sent in the same search space, we propose a flag bit is included to indicate if the DCI is an ACK or HARQ DCI.
At the last meeting there was an outstanding FFS to conclude if the L1 or higher layers should include information to optimize the timing advance, UE Tx power and PUSCH repetitions.  From the perspective of UE power consumption and system resource usage efficiency, we support that these 3 quantities are signaled using bits of the ACK DCI.
In addition to the bits described above, additional bit(s) to indicate to the UE establish an RRC connection is proposed, to enable the network to:

· Page the UE using a PUR occasion
· Force the UE to establish an RRC connection e.g. to modify/deactivate the PUR configuration

Proposal 9:
 The ACK DCI includes bits to indicate:
· If this is an ACK or NACK DCI

· Timing advance adjustment

· UE Tx power adjustment

· PUR PUSCH repetition adjustment

· Higher layer control bit(s) to either deactivate PUR config. and/or force RRC connection

Other bits within the ACK DCI, should be set to a pre-defined value to make the ACK indication less likely to be falsely detected.

Proposal 10:
As per the Release 15 UL HARQ-ACK feedback, unused fields within the ACK DCI, are set to a default value.

Support of CFS PUR
We believe that some form of CFS PUR should be supported because:

· For some applications/devices with non-deterministic UL traffic, some form of CFS PUR can be shown to use the available air interface resources more efficiently than alternative techniques, whilst also lowering UE power consumption.  
· At least for the initial configuration process, most of the D-PUR procedures can be retained. 

· At the simplest level, the network need only add a UE-specific DMRS sequence.  

Proposal 11:  CFS PUR is supported. 

Proposal 12:  The CFS PUR configuration procedure is based on the D-PUR procedure.

Support of connected mode
As mentioned earlier, we envisage scenarios where PUR should continue to be maintained whilst the UE enters connected mode. For example, when a device has a random emergency/anomaly to report to higher layers in-between 2 PUR occasions.  In these scenarios, the network and UE may require a temporary RRC connection above and beyond the PUR connection.
For these scenarios, there are number of new problems to resolve, including:

· What to do, if PUR occasions/search space collides with other USS/CSS and other PUSCH?

· Whether the initial RACH procedure is enhanced to include an option to upload data intended for PUR via the RRC connection?
Proposal 13:    A dedicated PUR session can be maintained whilst the UE enters connected mode.


FFS:
What to do about collisions between PUR and USS/CSS



FFS:
What to do about data intended for PUR when RRC connection established.

3. Conclusion

In this contribution we have further discussed the support for UL transmissions using preconfigured resources and have the following proposals.

Proposal 1: 
The initial RRC connection used to configure the PUR configuration, is also used to configure the PUR search space used for the ACK and HARQ.

Proposal 2: 
 The same PUR search space is used for ACK and HARQ.

Proposal 3:
 The same sized DCI, scrambled using the same RNTI, is used for both ACK and HARQ. 

Proposal 4:
 UEs using a dedicated PUR search space search for DCIs scrambled by the C_RNTI 

Proposal 5:
 The number of C-RNTIs supported in one search space is an implementation choice.

Proposal 6:
 The dedicated PUR search space and DCI can be optimized to the coverage level.

Proposal 7:
A method exists for the dedicated PUR configuration and search space to be dynamically changed when the UE detects a significant change in coverage level.

Proposal 8:
The PUR configuration used by the UE can be configured to support more than one TBS size for specific PUR occasions.
Proposal 9:
 The ACK DCI includes bits to indicate:

· If this is an ACK or NACK DCI

· Timing advance adjustment

· UE Tx power adjustment

· PUR PUSCH repetition adjustment

· Higher layer control bit(s) to either deactivate PUR config. and/or force RRC connection

Proposal 10:
As per the Release 15 UL HARQ-ACK feedback, unused fields within the ACK DCI, are set to a default value.
Proposal 11:    CFS PUR is supported. 

Proposal 12:    The CFS PUR configuration procedure is based on the D-PUR procedure.

Proposal 13:    A dedicated PUR session can be maintained whilst the UE enters connected mode.



FFS:
What to do about collisions between PUR and USS/CSS



FFS:
What to do about data intended for PUR when RRC connection established.
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Appendix A:  Previous Agreements

RAN1#94

Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

· FFS: Validation mechanism for TA

· FFS: How the pre-configured UL resources is acquired

For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 

· Whether to support HARQ;

· If supported, details of HARQ design including the number of HARQ processes;

· Whether ACK/NACK is necessary

Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.

RAN1#94bis

In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)

· FFS Other attributes: 

· Neighbour cell RSRP change

· TDOA of >=2 eNBs 

· TA History

· Subscription based UE differentiation

· Others not precluded (for example, attributes that need to be considered for high mobility UEs)

Note that UE power consumption should be taken into account for the FFS attributes

Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 

· PUSCH resource is time-frequency resource

· Dedicated PUR is contention-free 

Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE

· PUSCH resource is at least time-frequency resource

· CFS PUR is contention-free 

Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE

· PUSCH resource is at least time-frequency resource

· CBS PUR is contention-based (CBS PUR may require contention resolution)

In idle mode, dedicated PUR is supported.

· Support for CFS PUR is FFS.

· Support for CBS PUR is FFS.

In IDLE mode, HARQ is supported for transmission in dedicated PUR

· A single HARQ process is supported, 

· FFS whether more than one HARQ processes are supported

· FFS: The design of the corresponding MPDCCH search space

For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

RAN2 #103Bis

· Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.

· Initially we will focus on dedicated preconfigured uplink resources in idle mode

· Shared resources can also be discussed

RAN1#94bis

For dedicated PUR in idle mode, the UE may skip UL transmissions.

· FFS: Resource release mechanism

· FFS: Whether or not to support mechanism to disable skipping by eNB

· The following evaluation parameters for CFS PUR link level simulation are agreed.

	Parameter
	Value/Description

	Channel model
	ETU 1Hz

	Resource Bandwidth(s)
	1, 2, 3 or 6 PRBs (contiguous) for eMTC

Proponent to provide details on resource allocation

Same bandwidth for all UEs

	Traffic Pattern
	Fixed (N UEs transmit in the same resource) or

(Optional) Bursty (N UEs may transmit in the same resource, with activity factor p for each of them)

Note: For all traffic models, it is assumed that a UEhas a dedicated DMRS

Note: Final decision can be based on the results for both fixed and bursty traffic model

	Number of repetitions in a resource
	To be declared by proponent

	Transport Block Size and Modulation Order
	To be declared by proponent

	Number of eNB Rx antennas
	2 as baseline, other values are not precluded

	Metrics
	BLER before HARQ

Number of resources (PRB x subframes) used by the technique to serve a given number of UEs

Baseline for comparison is dedicated PUR

	MCL
	164, 144, 124dB MCL

	UE grouping
	All UEs in the same MCL level.

	Processing Receiver at eNB
	No SIC/joint decoding of UEs is assumed.

MMSE single user decoding. Not NOMA.

	DMRS collision
	Each company to provide details on their DMRS assumption

	Channel Estimation

CFO

Timing Error

Power Imbalance
	Realistic

Uniform +/-50 Hz, +/-100 Hz (optional)

+/-0.5 CP uniform, +/-1 CP uniform (optional)

Uniform +/-[5 or 10] dB


The evaluated proposals should be within the scope of the eMTC WI.

If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 

· FFS: if multi-TB grant is enabled/supported
In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)

· Based on RSRP measurement definition in existing Rel-15 TS36.214

Include in LS to RAN2, RAN4 to consider in their work. 

The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 
· Serving cell RSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

Include in LS to RAN2, RAN4

For further study:

TA validation attributes:

· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in MPDCCH search space

· FFS: Details on the search space (for example USS, CSS)

For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 

FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.

For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the MPDCCH, or  

· FFS: a NACK, or

· FFS: no explicit ACK 

Include in LS to RAN2, RAN4.
RAN2 #104
The eNB configures the dedicated preconfigured uplink resources via RRC dedicated signaling.

Methods for eNB to obtain information used to help configuring the dedicated preconfigured uplink resource to the UE is FFS.

Periodic D-PUR with duration is supported

FFS if one shot D-PUR is supported.

Release of the dedicated preconfigured resources are supported, details for NW triggered and UE triggered are FFS.

RAN1 #96

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 MPDCCH 

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

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 MPDCCH

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

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

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 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

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 PUSCH

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: 

· MPDCCH narrowband location 

· MPDCCH repetitions and aggregation levels 

· MPDCCH 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 

· A PUSCH frequency hopping indication to enable or disable legacy frequency hopping

Agreement

In idle mode, a UE can be configured such that TA is always valid within a given cell.

· FFS: up to RAN2 how to implement e.g. PUR Time Alignment Timer = infinity

RAN2 #105

Agreements

· Multi-shot D-PUR is supported with the possibility to configure as a single shot. 

· UE may perform a D-PUR request/information, if D-PUR is indicated as enabled in the cell.

· Network makes the decision on the D-PUR configuration.

· Request/information can include:

· Requested TBS

· Requested periodicity

· Other information FFS. 

· The eNB can (re)configure and release D-PUR by dedicated RRC signalling

· D-PUR configuration is released when the eNB doesn’t detect “m” consecutive UE transmissions 

· The UE must release the D-PUR when it does a RA procedure on a new cell. 

· D-PUR configuration can be set up without a pre-defined end (infinite).

