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Introduction
A new WI on Rel-16 enhancements for NB-IoT was approved at RAN#80 [1]. One of the objectives is to improved UL transmission efficiency and/or UE power consumption by supporting transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance.
In RAN2#103bis, the following agreements were made:
	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



Meanwhile, in RAN1#94bis, the following agreements and working assumption were made:
	Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether two HARQ processes are supported
· FFS: The design of the corresponding NPDCCH search space
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.



Assuming a valid Timing Advance, the idle UE transmit UL packet early (i.e. before RRC connection is established) on Pre-configured UL Resources (PUR). In this contribution, we discuss some details for transmission using PUR.
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PUR resource configuration
PUR configurations should be provided to the UE via RRC signalling when UE is in RRC_CONENCTED. As per RAN1 agreements, the resource configuration includes at least: (1) Time domain resources including periodicity(s), (2) Frequency domain resources, (3)	TBS(s)/MCS(s). In addition, PUR should be configured for a limited duration, and the configuration in invalid beyond the given duration. RAN2 should design corresponding RRC signalling for PUR configurations. 
Proposal 1:	RAN2 should design corresponding RRC signalling for PUR configuration, which includes at least: (1) Time domain resources including periodicity(s) and PUR duration, (2) Frequency domain resources, (3) TBS(s)/MCS(s).
After the initial configuration of UE-specific UL resources, further modifications or release of the resource allocations should be possible. Since a UE utilizing PUR is already in IDLE mode, it requires further study how the eNB can inform a UE that the UE’s pre-configured UL resources will be modified or no longer be usable. 
Proposal 2:	RAN2 should study how network informs IDLE mode UE of the modification or release of pre-configured UL resources.
Moreover, in some situations, UE may not need the resources anymore (e.g. transmission complete or cell reselection). Since a long duration may be configured for PUR (e.g. for periodic reporting), it would be more resource-efficient if we allow UE to release the PUR.
Proposal 3:	Release of the pre-configured uplink resources via UE request is supported.
Transport block size
It seems reasonable to reuse the transport block size (TBS) values specified in Early Data Transmission (EDT) 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 PUR. The values of the multiple UL grant are derived from the higher layer parameters edt-TBS and edt-smallTBS-Enabled [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. The eNB can configure multiple UL resource pools for transmission of UL packet on PUR 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.
Proposal 4: The PUR reuses the same max TBS and same UL TBS table specified for Rel-15 Early Data Transmission in Random Access procedure.
Shared resources
Based on RAN1 discussions, PUR with shared resources can be further divided into Contention-free shared PUR or Contention-based shared PUR. 
Contention-free Shared PUR (CFS PUR)
UE transmits on CFS PUR with NPUSCH resource simultaneously used by more than one UE (i.e. collision) and UE-specific DMRS (i.e. no contention). A practical eNB implementation for blind decoding of UL packets transmitted by UEs on CFS PUR consists of two steps: 
(i) Detect the UE-specific DMRS with a threshold based sequence detector to avoid contention and 
(ii) Decode UL packet on NPUSCH Format 1. 
[bookmark: _GoBack]Step (i) allows eNB to avoid contention in case of collision by identifying transmitting UEs on same shared PUR. It is still possible for eNB to recover each UE UL packet transmission even if there is collision (i.e., transmissions on the same time-frequency resource). This depends on how Step (ii) is implemented, as decoding performance in case of collision depends on eNB receiver algorithms. For example, an advanced eNB receiver may detect the strongest CFS PUR transmission based on UE-specific DMRS, decode it, and then cancel it from received signal before attempting to decode 2nd strongest CF PUR transmission. 
Proposal 5: Early transmission on Contention-free Shared PUR (CFS PUR) is supported.
Contention-based Shared PUR (CBS PUR)
The eNB detection is more challenging with CBS PUR, as the eNB cannot used interference cancelling processing as the DMRS is shared between the colliding UE transmissions. Another drawback of CBS PUR is that the eNB cannot rely on a simple threshold-based DMRS detection mechanism in step (i). In case there are colliding UEs, the sum of DMRS transmissions may combine sufficiently to make use of threshold problematic. The eNB decodes blindly the UL packets and then attempts to resolve contention. For these reason, it is preferred to use CFS PUR. Further, it seems sufficient to only configure time-frequency NPUSCH format 1 resources for CFS PUR. 
Proposal 6: Early transmission on Contention-based Shared PUR (CBS PUR) is not supported.
HARQ Aspects for Transmission in PUR
CFS PUR
In CFS PUR, it is at least needed that an UL packet can be ACK/NACK-ed to ensure reliability. As UE-specific DMRS is used in CFS DMRS, there is no contention. 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
Proposal 7:	HARQ ACK/NACK for early transmission on CFS PUR is supported.
Assuming failure to decode data when collision 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, and does not attempt to re-transmit data on preconfigured UL resources.
Proposal 8: HARQ retransmission on CFS PUR is not supported.
Proposal 9: UE falls back to legacy RACH / EDT procedures if first UL packet transmission fails.
Dedicated PUR
There is no need for the UE to include UE_ID with data on dedicated pre-configured UL resources. 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. 
Proposal 10: One HARQ process is used for HARQ re-transmissions on dedicated PUR.
The re-transmission for dedicated PUR can be done in different ways, for example, re-transmission in next dedicated PUR, or re-transmission via DCI UL grant (network schedules extra resources for re-transmission). Since the mechanism is based on RAN1 design, we suggest that RAN2 leave this topic for RAN1 discussion.
Proposal 11: The method of re-transmission for dedicated PUR is left for RAN1 discussion.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	RAN2 should design corresponding RRC signalling for PUR configuration, which includes at least: (1) Time domain resources including periodicity(s) and PUR duration, (2) Frequency domain resources, (3) TBS(s)/MCS(s).
Proposal 2:	RAN2 should study how network informs IDLE mode UE of the modification or release of pre-configured UL resources.
Proposal 3:	Release of the pre-configured uplink resources via UE request is supported.
Proposal 4: The PUR reuses the same max TBS and same UL TBS table specified for Rel-15 Early Data Transmission in Random Access procedure.
Proposal 5: Early transmission on Contention-free Shared PUR (CFS PUR) is supported.
Proposal 6: Early transmission on Contention-based Shared PUR (CBS PUR) is not supported.
Proposal 7:	HARQ ACK/NACK for early transmission on CFS PUR is supported.
Proposal 8: HARQ retransmission on CFS PUR is not supported.
Proposal 9:	UE falls back to legacy RACH / EDT procedures if first UL packet transmission fails.
Proposal 10: One HARQ process is used for HARQ re-transmissions on dedicated PUR.
Proposal 11: The method of re-transmission for dedicated PUR is left for RAN1 discussion.
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