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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#95, the following topics were identified for further study
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

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

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

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

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

This contribution aims to discuss support of transmission in preconfigured UL resources in NB-IoT.
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Timing Advance Validation Mechanism for PUR
In RAN1#95, it was agreed that for 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
TA validation based on UE differentiation
Assuming idle UEs have a valid timing advance implies these UEs are still camping in the same cell they received the last TA command, and have not moved significantly within the cell. These conditions can be easily met by stationary devices. In case the network knows which devices are stationary, it can assume these devices will stay in the same cell and will not need to move to connected mode to initiate UL timing alignment procedure. Stationary devices such are smart meters or fixed sensors are important use cases. In general use case, the network has no way of knowing whether idle UEs within tracking area are fixed or moving.
In RRC connection suspend procedure, the eNB indicates the UE context in S1-AP UE Context Suspend Request. The UE stores the UE AS context and enters RRC IDLE. In EDT procedure for User Plane CIoT EPS optimization, the eNB recovers the UE context in S1-AP: UE Context Resume Response following UL data transmission in RRCConnectionResumeRequest [3]. There can be many idle UEs within a tracking area. An eNB within the tracking area does not know about idle UEs camping on its cell. UE context can include subscription based UE differentiation information indicating whether UE is stationary or mobile, how UE may transmit data – i.e. periodically, scheduled (i.e. day of week, start / end of day), traffic profile (i.e. single, multiple packets), battery powered [4]. If supported, the eNB needs to store the subscription-based UE differentiation information indicated in the UE context as this may be necessary to prepare the X2 messages X2AP: Retrieve UE Context Response and X2AP: Handover Request [4]. 
Observation 1: The UE assumes the most recent TA command received in serving cell before going to idle or TA last used for early transmission in PUR is valid if UE differentiation information in stored UE context indicated by eNB in S1-AP UE Context Suspend Request indicates the UE is stationary. 
Proposal 1: Subscription based UE differentiation (or Stationary indication in held in subscription) for TA validation in PUR is supported.
TA acquisition when TA found to be invalid
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. It is not needed to acquire TA if UE has no data to send. In case early data transmission takes place with some high periodicity and the TA is likely to become invalid, it is preferable if the idle UE transmits data early with release 15 EDT procedure. The eNB can determine the new TA command based on  RACH preamble transmission and indicate it in the RAR. Updating the TA even if idle UE has no data to transmit will require the UE to first try to validate the TA with serving cell measurements to confirm idle UE is still in serving cell and RSRP threshold for validation is met  UE, then transmit RACH preamble to acquire TA. This is inefficient and increase UE power consumption..  
Observation 2: Updating the TA even if idle UE has no data will require more frequent serving cell measurements and RACH preamble transmissions, which is inefficient and increase UE power consumption.
Proposal 2: Idle UE acquires TA by initiating legacy EDT procedure or legacy RACH procedure when it has data to transmit and TA is found to be invalid.

Resource release and skipping transmission in dedicated PUR
RAN1#94bis agreed that Pre-configured UL resources for transmission of data are indicated by RRC signalling. At least UE-specific RRC signalling is supported.  
We have preference for not activating explicitly PUR for UEs configured with dedicated PUR. This would require a changes to DCI format N0 and seems not needed. A simpler way is that dedicated PUR is implicitly activated for UEs configured with dedicated PUR when these UEs move to idle state.
Proposal 3: Dedicated PUR is implicitly activated for UEs configured with dedicated PUR when these UEs move to idle state.
In case system load is high, a release resource mechanism is needed for dedicated PUR. One way could be that the eNB initiates dedicated PUR release by moving idle UE to connected mode and release dedicated PUR via UE-specific RRC signalling. This way allows network to release dedicated resource flexibly for a number of UEs as needed to reduce system load. Though flexibility in considered resource release mechanism for dedicated PUR is desirable, this seems very un-efficient due to impact on paging resources and dedicated RRC signalling. It is also not good way from UE power consumption.
Observation 3: Release of dedicated PUR release by moving idle UE to connected mode and UE-specific RRC signalling is un-efficient and increases UE power consumption.
The release of resources for dedicated PUR can be done in two ways:
· Via indication in SIB1 for all UEs in the cell
· Via indication in SIB2 for UE-specific release
We have preference the network release dedicated PUR resources for a random number of UEs in the cell. A straightforward way is to set the dedicated PUR mechanism based on a random number for a test in similar fashion as LTE UE-specific barring access mechanism. The main difference with LTE barring is that there is no need for the release resource mechanism for PUR to be dependent on access classes – i.e. normal user calls (Access class 0-9), emergency calls (Access Class 10) and high priority user calls (Access class 11-15) are not relevant.
The release resource mechanism procedure for dedicated PUR is illustrated in the following steps below:
· Step 1:  The UE can generate a random number ND-PUR in range {0, … 9} to pass the test in order for the UE to early transmit in PUR. 
· Step 2: The UE test if the random generated ND-PUR is lower than the eNB configured dpur-BarringFactor. 
· Step 3: If ND-PUR < dpur-BarringFactor, the UE skips transmission in dedicated PUR for a dpur-BarringTime time. 
· Step 4: If ND-PUR >= dpur-BarringFactor, the UE can early transmit in dedicated PUR for a dpur-BarringTime time.
Note that the RRC parameters dpur-BarringFactor and dpur-BarringTime are indicated on SIB 2. The network can flexibly activate or de-activate dedicated PUR resources for a group of UEs by setting dpur-BarringFactor. A lower value only allows a small group of UEs to use dedicated PUR; a higher value allows a larger group. Setting dpur-BarringFactor=0 releases all dedicated PUR resources in the cell. Setting dpur-BarringFactor=1 allows all UEs in the cell to use dedicated PUR.
Proposal 4: The network indicate release of dedicated PUR resource for all UEs in the cell via SIB1 indication.
Proposal 5: The network indicate UE-specific release of dedicated PUR resources via SIB2 indication with the following RRC parameters:
· dpur-BarringFactor: value is in range {0, 1, .., ND-PUR }, where ND-PUR is a random number generated by the UE. 
· dpur-BarringTime: value is in range {s4, s8, s16, s32, s64, s128, s256}
Proposal 6: UE test if the random generated ND-PUR is lower than the eNB configured dpur-BarringFactor. 
· Step 3: If ND-PUR < dpur-BarringFactor, the UE skips transmission in dedicated PUR for a dpur-BarringTime time. 
· Step 4: If ND-PUR >= dpur-BarringFactor, the UE can early transmit in dedicated PUR for a dpur-BarringTime time.

Search space for dedicated PUR re-transmissions
HARQ is supported for transmission in dedicated PUR. The design of the corresponding NPDCCH search space is FFS.  There can be two options for the re-transmissions on dedicated PUR. 
· Re-transmission in next dedicated PUR: this is not good way for smart meter use case where the next dedicated PUR following a failed early transmission on PUR may be several tens of minutes later. By that time, the smart meter reading may have become obsolete.  
· Re-transmission via DCI UL grant: this way is similar to re-transmission in EDT procedure. It is straightforward for the eNB to schedule a re-transmission in case early transmission on PUR failed but the eNB has knowledge of UE transmission on dedicated PUR based on DMR estimation. 
The next opportunity for UE re-transmission in dedicated PUR may not be available for a long time. To avoid excessive delay, HARQ re-transmission can be indicated via DCI UL grant in case the eNB  has knowledge of UE transmission on dedicated PUR based on DMR estimation. This requires idle UE monitors an NPDCCH search space. Since early transmission in dedicated PUR is for idle UE, it seems reasonable to consider re-using Search Space Type 1 (for paging) or type 2 (for random access). Another way is to configure a UE-specific search space.
As there could be many idle UEs camping on a cell, configuring dedicate PUR for the UEs and also configuring UE-specific search space may increase significantly resource required for dedicated PUR. It seems unclear why this would be needed. Release 15 EDT procedure has been specified. It uses Type Search Space for the RAR. It seems reasonable that if RACH preamble is skipped in dedicated PUR, the Type 2 search space can be used to schedule the DCI for re-transmission. The DCI overhead should not be increased compare to EDT procedure, assuming DCI to schedule re-transmission in PUR is not significantly higher than DCI to schedule RAR. Use of Type-1 search space is not preferred as paging load may depend on tracking area update and using type-1 search space resource to indicate PUR re-transmission may result in not enough resources available to page UEs.   
Observation 4: The DCI overhead for indication of PUR re-transmission via DCI on Type 2 search space should not be increased compare to EDT, assuming DCI to schedule re-transmission in PUR is not significantly higher than DCI to schedule RAR.
Proposal 7: Re-use Search Space Type 2 DCI indication of UL grant for HARQ re-transmission in PUR.

PUR resource configuration 
It was agreed in RAN1#96 that in idle mode, at least the PUR configuration and PUR parameters for the timing advance and the UE transmission power may be updated after a PUR transmission.  It is for further study whether repetition adjustment for NPUSCH can be updated. It is for further study whether the update is done in L1 and/or higher layer.
DCI format N0 is 24 bits.
· Flag for format N0/format N1 differentiation – 1 bit
· Subcarrier indication – 6 bits
· Resource assignment – 3 bits 
· Scheduling delay – 2 bits 
· Modulation and coding scheme – 4 bits 
· Redundancy version – 1 bit 
· Repetition number – 3 bits 
· New data indicator – 1 bit
· DCI subframe repetition number – 2 bits 
· HARQ process number – 1 bit. 
The TA command requires 6 bits in MCA CE in legacy specifications. The TPC command is 2 bits in LTE legacy specifications. There is no TPC in DCI Format N0. Updating TA and transmit power would require at least 8 bits.
It seems not possible to update TA via TA command or update transmit power when idle UE is scheduled a re-transmission if DCI format N0 is used. This would require re-interpreting 25% of the bits in the DCI, which would severely restrict scheduling of UL grant for re-transmission scheduling.
In case DCI is transmitted to indicate UL HARQ ACK, the resource allocation fields and NDI field in DCI format N0 are not needed since no UL grant for re-transmission will be needed. This means that up to 20 bits can be re-interpreted in DCI Format N0. This is sufficient to adjust TA and transmit power. 
Observation 5:  In case DCI is transmitted to indicate UL HARQ ACK, up to up to 20 bits can be re-interpreted in DCI Format N0.
Observation 6: TA adjustment with 6 bits and transmit power adjustment with 2 bits can be indicated by re-interpreting resource allocation fields and NDI fields in DCI format N0 when it indicates UL ACK.
The repetition adjustment for NPUSCH when transmitting on dedicated PUR could be updated with 3 bits on DCI format N0 when indicating UL ACK for dedicated PUR transmission. It is unclear how the dedicated PUR resource configuration could be changed dynamically. A UE experience a significant change may benefit from repetition adjustment. However, assuming idle UE is moving within the serving cell the coverage experienced my vary significantly before the next dedicated PUR resource becomes available. Changing repetition level for early transmission in dedicated PUR may lead to more failed PUR transmissions or inefficient PUR configuration. 
Observation 7: Changing repetition level for early transmission in dedicated PUR may lead to more failed PUR transmissions or inefficient PUR configuration.     
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Conclusion
In this contribution, we discussed optimization of early transmission by idle UEs on PUR. We make the following proposals.
Observation 1: The UE assumes the most recent TA command received in serving cell before going to idle or TA last used for early transmission in PUR is valid if UE differentiation information in stored UE context indicated by eNB in S1-AP UE Context Suspend Request indicates the UE is stationary. 
Proposal 1: Subscription based UE differentiation (or Stationary indication in held in subscription) for TA validation in PUR is supported.
Observation 2: Updating the TA even if idle UE has no data will require more frequent serving cell measurements and RACH preamble transmissions, which is inefficient and increase UE power consumption.
Proposal 2: Idle UE acquires TA by initiating legacy EDT procedure or legacy RACH procedure when it has data to transmit and TA is found to be invalid.
Proposal 3: Dedicated PUR is implicitly activated for UEs configured with dedicated PUR when these UEs move to idle state.
Observation 3: Release of dedicated PUR release by moving idle UE to connected mode and UE-specific RRC signalling is un-efficient and increases UE power consumption.
Proposal 4: The network indicate release of dedicated PUR resource for all UEs in the cell via SIB1 indication.
Proposal 5: The network indicate UE-specific release of dedicated PUR resources via SIB2 indication with the following RRC parameters:
· dpur-BarringFactor: value is in range {0, 1, .., ND-PUR }, where ND-PUR is a random number generated by the UE. 
· dpur-BarringTime: value is in range {s4, s8, s16, s32, s64, s128, s256}
Proposal 6: UE test if the random generated ND-PUR is lower than the eNB configured dpur-BarringFactor. 
· Step 3: If ND-PUR < dpur-BarringFactor, the UE skips transmission in dedicated PUR for a dpur-BarringTime time. 
· Step 4: If ND-PUR >= dpur-BarringFactor, the UE can early transmit in dedicated PUR for a dpur-BarringTime time.
Observation 4: The DCI overhead for indication of PUR re-transmission via DCI on Type 2 search space should not be increased compare to EDT, assuming DCI to schedule re-transmission in PUR is not significantly higher than DCI to schedule RAR.
Proposal 7: Re-use Search Space Type 2 DCI indication of UL grant for HARQ re-transmission in PUR.
Observation 5:  In case DCI is transmitted to indicate UL HARQ ACK, up to up to 20 bits can be re-interpreted in DCI Format N0.
Observation 6: TA adjustment with 6 bits and transmit power adjustment with 2 bits can be indicated by re-interpreting resource allocation fields and NDI fields in DCI format N0 when it indicates UL ACK.
Observation 7: Changing repetition level for early transmission in dedicated PUR may lead to more failed PUR transmissions or inefficient PUR configuration.     
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