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1. Introduction
One of Rel-16 WI [1] for further enhancement to NB-IoT is to specify further improvements for UL transmission efficiency and/or energy consumption with following as the scope.

· 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, are listed in section 5.

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

2. Discussion
Multiple details about this search space that remain to be resolved include:

· Type of RNTI

· DCI Design of ACK message

· DCI Design of HARQ message

In our view key 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.

· 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 such a search space, is the use of the C-RNTI.  Since we know that 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.

ACK DCI Design

At the last meeting the following was agreed:

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

In our view, it is more efficient if all the above fields are sent at L1 i.e. as fields within the DCI.  Also to minimise post-PUR transmission monitoring effort for the UE, the same search space is used for both ACK and HARQ.  To help the UE differentiate between these DCIs, a new ACK or HARQ flag bit is suggested.

Additionally, as part of the ACK DCI we consider it would be beneficial for the Network to include additional bit(s) to:

· Page the UE using a PUR occasion

· Force the UE to establish an RRC connection e.g. to modify/deactivate the PUR configuration
The N0 format DCI is used as the basis the design of the ACK and HARQ DCIs, since it is optimised for the USS and UL grant transmission which is needed for the HARQ.

As per the design of the MTC Release 15 PUSCH early termination ACK DCI, unused fields with the ACK DCI should be set to predefined values to ensure the DCI is more reliably received.
Proposal 6:
 The ACK DCI includes bits to indicate:

· If this is an ACK or HARQ DCI

· Timing advance adjustment

· UE Tx power adjustment

· NPUSCH repetition adjustment

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

Proposal 7:
The N0 format DCI is used as the basis for the Dedicated PUR ACK/HARQ DCIs

Proposal 8:
For the Dedicated PUR ACK DCI, unused fields are set to a predefined value.
Beyond the fields described above, using spare bits to allow the network to modify the PUR configuration, e.g. the frequency location, should also be considered.

Observation 1:

The PUR ACK DCI could also be used to allow the network to update the configuration, e.g. frequency location, of subsequent PUR transmissions.

TBS sizes supported by PUR

Note, in some scenarios, it is possible that 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 the 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, like EDT.
Proposal 9:
The PUR configuration used by the UE can be configured to support more than one TBS size for a specific subset of PUR occasions.
3. Conclusion

In this contribution we have further discussed the support for UL transmissions using preconfigured resources and have the following observations and proposals.
Observation 1:

The PUR ACK DCI could also be used to allow the network to update the configuration, e.g. frequency location, of subsequent PUR transmissions.
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, monitor 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 ACK DCI includes bits to indicate:

· If this is an ACK or HARQ DCI

· Timing advance adjustment

· UE Tx power adjustment

· NPUSCH repetition adjustment

· Higher layer control bit(s) to either deactivate PUR config. and/or force RRC connection
Proposal 7:
  The N0 format DCI is used as the basis for the Dedicated PUR ACK/HARQ DCIs

Proposal 8:
  For the Dedicated PUR ACK DCI, unused fields are set to a predefined value.
Proposal 9:
The PUR configuration used by the UE can be configured to support more than one TBS size for a specific subset of PUR occasions.
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5.  Appendix A:  Previous Agreements

From RAN1 Meeting #94:

Agreement

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

Agreement

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

Agreement 

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.

Agreement

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.

From RAN1 Meeting #94bis:

Agreement

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

Agreement

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

Agreement

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

The resource configuration includes at least the following 

· Time domain resources including periodicity(s) 

· Frequency domain resources

· TBS(s)/MCS(s)

Agreement 

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

Agreement

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

· NPUSCH resource is time-frequency resource

· Dedicated PUR is contention-free 

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

· NPUSCH resource is at least time-frequency resource

· CFS PUR is contention-free 

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

· NPUSCH resource is at least time-frequency resource

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

Agreement 

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 NPDCCH search space

Agreement

In idle mode, dedicated PUR is supported.

· Support for CFS PUR is FFS.

· Support for CBS PUR is FFS.

From RAN1 Meeting #95:
Agreement 

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

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

Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS.

Agreement

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

· Time Alignment Timer for idle mode 

· Serving cell NRSRP 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

Agreement

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. 

Agreement

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

Agreement

In idle mode, only one HARQ process is supported for dedicated PUR

Agreement

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

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

From RAN1 Meeting #96:
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

