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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#94, the following agreements and working assumption were made:
· 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.
Early Data Transmission (EDT) in Message 3 in random access procedure and UL Semi Persistent Scheduling for connected UEs  were specified in Release 15. An extension of early data transmission in message 3 would be to skip the Message 1 and Message 2 steps in the EDT random access procedure, where the UE directly transmit data in Message 3 using preconfigured UL resources in idle mode. This contribution aims to discuss support of transmission in preconfigured UL resources in NB-IoT.
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Transmission using preconfigured UL resources
Assuming a valid Timing Advance, the idle UE transmit UL packet on pre-configured UL resources. It seems reasonable to re-use the TBS values specified in Early Data Transmission in Rel-15 NB-IoT WI. The main difference with EDT procedure is that the idle UE can skip message 1 and 2 in random access procedure and directly transmit UL packet on pre-configured UL resources. The values of the multiple UL grant are derived from the higher layer parameters edt-TBS and edt-smallTBS-Enabled as shown in Tables 1 and 2 below [2]. For example, if  eNB broadcast max TBS = 808 bits on system information, the configured multiple UL grant is {328 bit, 504 bits, 680 bits, 808 bits} if edt-smallTBS-Enabled is set to FALSE, or it is {504 bits, 808 bits} otherwise.     


	edt-TBS
	edt-SmallTBS-Subset
	Allowable TBS values

	408
	not configured
	328, 408

	504
	not configured
	328, 408, 504

	504
	enabled
	408, 504

	584
	not configured
	328, 408, 504, 584

	584
	enabled
	408, 584

	680
	not configured
	328, 456, 584, 680

	680
	enabled
	456, 680

	808
	not configured
	328, 504, 680, 808

	808
	enabled
	504, 808

	936
	not configured
	328, 504, 712, 936

	936
	enabled
	504, 936

	1000
	not configured
	328, 536, 776, 1000

	1000
	enabled
	536, 1000


Table 1: EDT TBS for Msg3 NPUSCH

	
MCS Index

	Number of RUs



	
	edt-TBS = 328, 408, 504, or 584
	edt-TBS = 680
	edt-TBS = 808, 936, or 1000

	'011'
	3
	3
	4

	'100'
	4
	4
	5

	'101'
	5
	5
	6

	'110'
	6
	8
	8

	'111'
	8
	10
	10


Table 2: MCS index for Msg3 NPUSCH and EDT 

The eNB can configure multiple UL resource pools for transmission of  UL packet on pre-configured UL resources on NPUSCH for actual TBS {T1, T2, T3, T4} linked to max TBS (there is one max TBS per CE level). The number of repetitions of NPUSCH indicated in RRC, scalable based on actual TBS.
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 illustrated in Figure 2, the eNB recovers the UE context in S1-AP: UE Context Resume Response following UL data transmission in RRCConnectionResumeRequest [4].
[image: ]
Figure 2: EDT for User Plane CIoT EPS Optimizations

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. 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]. It seems reasonable that the eNB may use stored UE context to configure shared or dedicated pre-configured UL resources for early transmission.
· Dedicated NPUSH resources for early data transmission: this way suits fixed devices such as smart meters known to transmit at regular times of the day, with some periodicity. The network can also assume these devices transmit at fixed configured times. Traffic model for these fixed devices may be predictable. 
· Shared NPUSCH resources for early data transmission: this way suits fixed devices such as sensors whose transmissions cannot be predicted transmit data at irregular times (i.e. requiring immediate transmission on detecting abnormal conditions).  
Proposal 1: If supported, the eNB may use subscription based UE differentiation information in UE context to configure the UE with shared or dedicated pre-configured UL resources.
Though the type of traffic data can be different depending on use case, type of device, mobility assumption, and so on, there seems to be no need to pre-configure UL resources with different max TBS and UL TBS. 
For shared or dedicated pre-configured UL resources, the following commonalities apply
· Max TBS and UL TBS: The UE selects the preconfigured UL resource that fits best its UL packet to minimize padding. 
· Configured DMRS: The UE transmit data and UE-specific DMRS using the pre-configured UL resource. The eNB may detect the DMRS and use it to demodulate the data on NPUSCH format 1.
Shared PUSCH resources implies transmission is not contention free. HARQ Ack/Nack feedback and HARQ combining aspects for shared and dedicated UL resources are address in Section 4.
Proposal 2: The pre-configured UL resources re-use the same max TBS and same UL TBS table specified for Rel-15 Early Data Transmission in Random Access procedure.
Proposal 3: The shared pre-configured UL resources for transmission of data are indicated by RRC common signalling on SIB.
Proposal 4: The dedicated pre-configured UL resources for transmission of data are indicated by RRC dedicated signalling.

Timing Advance Validation Mechanism
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. There is need for a TA validation mechanism. The following steps to validate TA can be done at the UE as follows:
1. The UE stores most recent TA command received in serving cell before going to idle.
2. The eNB stores the most recent TA command given to the UE.
3. Before transmitting UL data on preconfigured UL resources, idle UE checks if it is still camping on serving cell where the last TA command was given by the eNB
4. The UE considers the last TA command received to be valid until the expiry of timeAlignmentTimer. The UE checks the TA timer re-started with Cell-specific timeAlignmentTimerCommon indicated on SystemInformationBlockType2-NB or dedicated timeAlignmentTimerDedicated on MAC-MainConfig  IE since eNB last gave TA command. TA Timer has value indicated in IE TimeAlignmentTimer = {sf500, sf750, sf1280, sf1920, sf2560, sf5120, sf10240, infinity}.
Note that steps 1, 2, and 3 do not require new specification. The TA command is not given by the eNB to the UE in the RAR message since the UE does not send a RACH preamble.  On receiving an UL packet on preconfigured UL resources, the eNB could determine a new TA based on the timing of the detection of the associated DM RS sequence and indicate it via MAC CE if needed – i.e. if new TA command is different from most recent TA command given to the UE. 
Observation 1: In current UE behaviour, idle UE can reuse last TA command in serving cell before going to idle for UL packet transmission if still camping on serving and timeAlignmentTimer is not reset.
Observation 2: In current eNB behaviour, the eNB can determine if a new TA is needed based on the timing of the detection of the associated DM RS sequence and indicate it via MAC CE.
Proposal 5: Extend the UE and eNB behaviours in connected mode for UL timing alignment procedure to idle UE – details are FFS.

HARQ Transmission in Preconfigured UL Resources
We consider HARQ aspects for shared and dedicated pre-configured UL resources below.
For both shared and dedicated resource for preconfigured UL resources, if DMRS is not detected, NPUSCH cannot be demodulated and decoded. The eNB has no way to know whether UE transmitted data in selected preconfigured UL resource and cannot send HARQ Ack/Nack feedback. There can be two cases
1. DMRS detected, NPUSCH demodulated but not decoded: the eNB knows UE transmitted data from detecting UE-specific DMRS but can only send a HARQ Nack feedback
2. DMRS detected, NPUSCH demodulated and decoded: the eNB knows UE transmitted data from detecting UE-specific DMRS and can send HARQ Ack feedback
Observation 3: HARQ Ack/Nack feedback can only be possible if the eNB detects successfully the associated DMRS with data on shared or dedicated preconfigured UL resources.
Proposal 6: HARQ Ack/Nack for transmission of data on shared or dedicated pre-configured resources is supported.
In case the data is too large to fit the pre-configured UL resource, the UE may also include a Buffer Status Report (BSR) with data, or only transmit the BSR, and eNB may schedule UL grant for dedicated UL access. 
Proposal 7: UE includes a Buffer Status Report (BSR) with data, or only transmit the BSR, on dedicated or shared pre-configured UL resources.

Shared pre-configured UL resources
To resolve contention, the idle UE may include the UE Identity (UE_ID) with the data for transmission on shared pre-configured UL resource. 
In case UE gets HARQ Nack, the UE falls back to legacy RACH / EDT procedures and does not attempt to re-transmit data on preconfigured UL resources. Assuming failure to decode data when Collison occurs, re-transmission with contention is likely to increase contention probability resulting in more failed transmissions. Hence, we have preference for idle UE to fall back to legacy RACH / EDT procedure if first transmission attempt fails.
Proposal 8: UE transmits data and UE_ID on shared pre-configured UL resources
Proposal 9: HARQ re-transmissions on shared pre-configured UL resources is not supported.
Proposal 10: UE falls back to legacy RACH / EDT procedures and does not attempt to re-transmit data on shared preconfigured UL resources if first attempt fails.

Dedicated pre-configured UL resources
There is no need for the UE to include UE_ID with data on dedicated pre-configured UL resources. There are two alternatives for HARQ re-transmission
· HARQ re-transmission on dedicated pre-configured UL resource: delay insensitive traffic
· HARQ re-transmission based on eNB scheduling UL resource via UL grant. 
We have preference to only configure one HARQ process as NB-IoT data transmission on dedicated preconfigured resources as this type of transmission scheme suits relatively low data rates. It seems not practical to reserve large amount of UL resources for a UE that may or may not transmit data. This would be wasteful. 
We make the following proposals for HARQ procedure for dedicated pre-configured resources
Proposal 11: HARQ re-transmissions on dedicated pre-configured UL resources or on scheduled UL resources via UL grant is supported.
Proposal 12: One HARQ process is used if HARQ re-transmissions on dedicated pre-configured UL resources are supported.

Conclusion
In this contribution, we discussed optimization of transmission by idle UEs using preconfigured UL resources. We make the following proposals.
Proposal 1: If supported, the eNB may use subscription based UE differentiation information in UE context to configure the UE with shared or dedicated pre-configured UL resources.
Proposal 2: The pre-configured UL resources re-use the same max TBS and same UL TBS table specified for Rel-15 Early Data Transmission in Random Access procedure.
Proposal 3: The shared pre-configured UL resources for transmission of data are indicated by RRC common signalling on SIB.
Proposal 4: The dedicated pre-configured UL resources for transmission of data are indicated by RRC dedicated signalling.
Observation 1: In current UE behaviour, idle UE can reuse last TA command in serving cell before going to idle for UL packet transmission if still camping on serving and timeAlignmentTimer is not reset.
Observation 2: In current eNB behaviour, the eNB can determine if a new TA is needed based on the timing of the detection of the associated DM RS sequence and indicate it via MAC CE.
Proposal 5: Extend the UE and eNB behaviours in connected mode for UL timing alignment procedure to idle UE – details are FFS.
Observation 3: HARQ Ack/Nack feedback can only be possible if the eNB detects successfully the associated DMRS with data on shared or dedicated preconfigured UL resources.
Proposal 6: HARQ Ack/Nack for transmission of data on shared or dedicated pre-configured resources is supported.
Proposal 7: UE includes a Buffer Status Report (BSR) with data, or only transmit the BSR, on dedicated or shared pre-configured UL resources.
Proposal 8: UE transmits data and UE_ID on shared pre-configured UL resources
Proposal 9: HARQ re-transmissions on shared pre-configured UL resources is not supported.
Proposal 10: UE falls back to legacy RACH / EDT procedures and does not attempt to re-transmit data on shared preconfigured UL resources if first attempt fails.
Proposal 11: HARQ re-transmissions on dedicated pre-configured UL resources or on scheduled UL resources via UL grant is supported.
Proposal 12: One HARQ process is used if HARQ re-transmissions on dedicated pre-configured UL resources are supported.
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