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In RAN1#98 Meeting, following agreements on transmission in preconfigured UL resources for NB-IOT were made [1]:
Agreement
Confirm the Working Assumption#1 in RAN1#96bis
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters
Agreement
Confirm the Working Assumption#2 in RAN1#96bis
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources
Agreement
For dedicated PUR in idle mode, the maximum NPDCCH repetitions, X, is included in the PUR configuration and the PUR NPDCCH candidates are derived using legacy USS rules where rmax= X.
Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis:
· Timing advance adjustment (including TA adjustment of 0)
· UE TX power adjustment 
· NPUSCH repetition adjustment
· Indication of PUR SS monitoring termination
· Flag to indicate for L1 ACK
· None of the above 
· Note: No new indications will be considered.
Agreement
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
FFS: Details on time period
Agreement 
Open loop power control is used as power control mechanism for PUR.
· The power for PUR transmission is calculated based on pathloss regardless of the number of repetitions.
Agreement 
For dedicated PUR in idle mode and for FDD NB-IoT UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
· FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)
Agreement
After data transmission on PUR, the UE may expect an explicit indication on NPDCCH for fallback to EDT or RACH
Working assumption 
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
In this contribution, we discussed some issues to specify support for transmission in preconfigured UL resources for NB-IOT.  
Transmission in preconfigured UL resources
RRC-connected mode 
Transmission in preconfigured UL resources means grant-free UL transmission, i.e., no dynamic scheduling DCI. There may be multiple possibilities considering diverse signaling for pre-configuration of UL resources, e.g., L1, L2 and/or L3 signaling. In 5G NR system, two types of grant-free UL transmission are specified, wherein, Type 2 grant-free UL transmission is the same as UL SPS in LTE system and Type 1 grant-free UL transmission introduces semi-static resource configuration in RRC without L1 signaling. Comparing with Type 2, Type 1 can improve latency performance, e.g., arrived data can be immediately transmitted in preconfigured UL resources and needn’t wait L1 signaling for resources activation. But, the flexibility of resource allocation in Type 1 is worse than Type 2 since resource activation/reactivation/deactivation is based on L1 signaling in Type 2. And, there may be resource wasting during the ambiguity time of RRC signaling for resource configuration/reconfiguration in Type 1. For a NB-IOT UE, latency performance may not be an important metric. Thus, existing UL SPS with L1 signaling for resource activation/reactivation/deactivation is more practical than other grant-free transmission like Type 1.
For NB-IOT, legacy UL SPS has been supported for periodic BSR in Rel-15, and it can be directly extended to data transmission without much modification. If UL SPS is enabled for data transmission, UL SPS configuration for periodic BSR is unnecessary since BSR can be transmitted with data. For transmission in preconfigured UL resources in RRC-connected mode, the functionality of legacy UL SPS is enough and no new transmission in preconfigured UL resources is needed for Rel-16 NB-IOT. 
Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode can be extended to data transmission from periodic BSR.
RRC-idle mode 
In this section, some issues on transmission in preconfigured UL resources in RRC-idle mode are discussed, e.g., dedicated resources or shared resources, validity period of dedicated PUR, skipping UL transmission, activation/deactivation of preconfigured UL resources, TA acquisition and update, and fallback mechanism.
1.1.1 Dedicated resources or shared resources
In the last meeting, dedicated PUR is agreed and shared PUR is FFS. There are two types of shared PUR, i.e., CFS (Contention-free Shared) PUR and CBS (Contention-based Shared) PUR. For CFS PUR, orthogonal multiple access scheme is used for multiple UEs sharing the same time-frequency resource, e.g., MU-MIMO and CDM. For MU-MIMO, it can be transparently supported using dedicated PUR with UE specific DMRS configuration. How many UEs are configured to share the same time-frequency resource using MU-MIMO is up to eNB configuration and transparent for UE. Therefore, CFS PUR using MU-MIMO with UE specific DMRS pattern needn’t be specified with explicit specification change. For CDM, OCC may be required and much specification effort will be expected, e.g., how to use OCC with either subframe level or symbol level. In the other hand, in RRC-idle mode, it is difficult to use closed loop power control to achieve approximate receiving power for CDMed UEs, which is a key factor to obtain robust multi-user detection performance for CDM. Therefore, CFS PUR using CDM needn’t be considered due to much specification effort and difficulty of power control. 
Proposal #2: CFS PUR using MU-MIMO needn’t be specified with explicit specification change.
Proposal #3: CFS PUR using CDM/OCC is not considered.
For CBS PUR, contention resolution is required to ensure the reliability of PUSCH, and it may cause much more specification effort. Transmission in CBS PUR with contention resolution may be like two-step PRACH procedure. For example, in the first step, UE ID is reported in the contention based PUSCH transmitted in the CBS PUR, and in the second step, contention resolution signaling carrying the reported UE ID will be monitored. From UE’s perspective, additional power consumption may be caused for monitoring of contention resolution signaling. Moreover, assuming only orthogonal multiple-access schemes can be used, the capacity of configurable CBS PUR is very limited comparing with PRACH capacity. Thus, the probability of PUSCH collision will be very large, and successful decoding of collided PUSCH may be be more challenged comparing with PRACH collision. Since CBS PUR may cause much more specification effort, more UE power consumption, and more challenges for eNB receiver, CBS PUR is not supported.
Proposal #4: CBS PUR is not supported.
1.1.2 Validity period of dedicated PUR 
In the last meeting, it was agreed to support UE-specific RRC signalling for configuration of dedicated PUR. This means dedicated PUR can be configured in RRC-connected mode and used in RRC-idle mode. Similarly, UE-specific RRC signalling can also be used to reconfigure/release dedicated PUR. However, some UE with dedicated PUR may not be able to release the allocation, e.g., goes out of coverage, breaks, or lose power. Therefore, validity period should be introduced for dedicated PUR. If validity period expires, dedicated PUR shouldn’t be used, and eNB can release the allocation and used for other UE. The timer of validity period can be started when receiving dedicated PUR configuration, or when firstly switching into RRC-idle mode after receiving dedicated PUR configuration. Validity period can be configurable, and indicated in UE-specific RRC signaling or system information.
Proposal #5: Validity period should be introduced for dedicated PUR.
1.1.3 Skipping UL transmission
In RAN1#95 Meeting, one agreement is that “For dedicated PUR in idle mode, the UE may skip UL transmissions. And FFS on resource release mechanism and whether or not to support mechanism to disable skipping by eNB”. To provide the flexibility, skipping UL transmission in dedicated PUR can be enabled or disabled by network. When skipping UL transmission in dedicated PUR is enabled, UE power consumption can be saved. But if a UE is not mandated to transmit on every dedicated PUR, the UE may request more resources than it really needs. For example, a UE may request a dedicated PUR for every 10 seconds but only transmits every 1 hour. This would be very spectrally inefficient. To avoid this, the maximum number of continuous skipping transmission in dedicated PUR should be restricted. If the allowed maximum number of continuous skipping is reached, either dedicated PUR is implicitly released, or a PUSCH carrying zero MAC SDU needs to be transmitted if no any UL data arrivals.
Proposal #6: Maximum number of continuous UL skipping should be specified.
1.1.4 Activation/deactivation of preconfigured UL resources
In some case, eNB may want to temporarily turn off transmission in PUR since the cell’s traffic load is relatively high. For example, the cell’s traffic load status may be changed from the time when configuring the PUR. Although a dedicated PUR is within a validity period, eNB may want to take back the PUR for dynamical scheduling, i.e., the PUR is activated. When the cell’s traffic load is mitigated, transmission in PUR can be turned on again, i.e., the PUR is activated. Since the cell’s traffic load is not dependent on a certain UE, taking back of PUR should be used for all of UEs with dedicated PUR provided by the cell. Therefore, eNB can turn on or turn off the functionality of transmission in PUR using a broadcast signaling, i.e., preconfigured UL resources can be activated/deactivated in system information.
Proposal #7: Preconfigured UL resources can be activated/deactivated in system information. 
1.1.5 TA acquisition and update
After transmitting PUR, TA adjustment within a small range may be able to be detected using PUSCH DMRS, wherein the detectable adjustment range using PUSCH DMRS is smaller than that using PRACH. Thus, TA adjustment can be signalled to UE for TA tracking. To save signalling overhead, MAC CE for TA adjustment can be excluded, and DCI field can be used to indicate TA adjustment, e.g., 2~4bits. For example, TA adjustment is indicated in the ACK DCI. Although a small error of TA may not impact the decoding of PUSCH, accumulation of the small error would cause significant impact and PUSCH may not be decodable. Therefore, TA update is helpful and continuous TA update in each PUR can maintain a valid TA during a long time.
Proposal #8: TA adjustment within a small range is indicated in the DCI after transmitting PUR.
3. Conclusion
In this paper, we discussed some issues to specify support for transmission in preconfigured UL resources for NB-IOT. Based on above discussion, we have the following proposals:
For transmission in PUR in RRC-connected mode,
Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode can be extended to data transmission from periodic BSR.
For transmission in PUR in RRC-idle mode,
Proposal #2: CFS PUR using MU-MIMO needn’t be specified with explicit specification change.
Proposal #3: CFS PUR using CDM/OCC is not considered.
Proposal #4: CBS PUR is not supported.
Proposal #5: Validity period should be introduced for dedicated PUR.
Proposal #6: Maximum number of continuous UL skipping should be specified.
Proposal #7: Preconfigured UL resources can be activated/deactivated in system information. 
Proposal #8: TA adjustment within a small range is indicated in the DCI after transmitting PUR.
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