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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives is to improve UL transmission efficiency and/or UE power consumption:
	[bookmark: _Hlk515906322]Improved UL transmission efficiency and/or UE power consumption:
· 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


In this paper, we first describe the background of UL transmission in preconfigured resources, and then identify some open issues that may need further investigations.
Background
The evolution path of NB-IoT UL transmission in idle mode is briefly illustrated in Figure 1. In Rel-13/Rel-14, to transmit an UL data packet, a conventional 4-step RACH procedure is performed and an RRC connection is established, after which the UL data packet can be transmitted in Msg5. 
Early Data Transmission (EDT) during the RACH procedure was introduced in Rel-15 [2]. By using EDT, the UL data packet can be transmitted in Msg3 and RRC connection establishment is avoided.
To further reduce the latency, power consumption, and signaling overhead related to small UL data packet transmission, UL transmission in preconfigured resources will be specified in Rel-16. Therefore, once the UL data packet arrives and some conditions are satisfied, such as the UE has a valid TA, the UL data packet can be transmitted on the preconfigured resources directly. 


[bookmark: _Ref520455591]Figure 1 Evolution path of NB-IoT UL transmission in idle mode

There have also been some optimizations for NB-IoT UL transmission in connected mode. For a Rel-13/Rel-14 NB-IoT UE in connected mode, when an UL data packet arrives and the UE has no UL grant, the UE performs a conventional 4-step contention-based RACH procedure to request an uplink grant. In Rel-15, PHY SR and UL SPS for BSR are introduced to shorten the route to delivering a BSR [2]. Using PHY SR, the UE can send a scheduling request for BSR either through a dedicated NPRACH resource or through a HARQ-ACK on NPUSCH format 2. Using UL SPS for BSR, the UE can directly send BSR based on a pre-assigned periodically-occurring grant of reserved resources.
According to the Rel-16 WID [1], in terms of UL transmission in preconfigured resources, both idle mode and connected mode can be considered. Many NB-IoT applications involve infrequent small amount of UL data, such as metering report, alarm, etc. Thus, many NB-IoT UEs should stay in idle mode for much of the time, and send small UL data packet periodically or sporadically. Considering such special characteristics of IoT applications, UL transmission in preconfigured resources would be used more often in idle mode, and thus can be investigated first.
Observation 1: Considering many NB-IoT UEs stay in idle mode for much of the time and send small UL data packet periodically or sporadically, UL transmission in preconfigured resources would be used more often in idle mode.
Proposal 1: UL transmission in preconfigured resources in idle mode can be prioritized.
According to the current specifications, upon leaving connected mode, the UE will release most configurations which are obtained in connected mode through dedicated RRC signaling and so on. Configurations of most UE procedures in idle mode, such as paging and RACH, are obtained through System Information (SI).
Configurations of UL transmission in preconfigured resources in idle mode can also be obtained through SI. However, configurations which are obtained through SI are cell-specific, and thus cannot be flexibly adjusted based on each UE’s situation. Thus, UE-specific configurations of UL transmission in preconfigured resources in idle mode can also be considered.
Proposal 2: Both cell-specific and UE-specific configurations of UL transmission in preconfigured resources in idle mode can be considered.
Proposal 3: Task RAN2 to enable UE-specific configurations of UL transmission in preconfigured resources in idle mode.
Timing advance (TA)
DL synchronization is used to correct the timing/frequency drift, and is assumed before UL transmission in preconfigured resources.
Proposal 4: DL synchronization is assumed before UL transmission in preconfigured resources.
Uplink Timing Advance (TA) is used in LTE to ensure that the UL signals from different UEs can arrive at the eNB simultaneously to avoid intra-cell interference. 
During the RACH procedures, UE is given TA through Msg2 (RAR). Once the UE obtains a TA, it adjusts the timing of UL signals, and starts or restarts the TA timer. The TA timer is used to verify whether the TA is still valid, i.e., whether the UE is uplink time aligned using this TA. When the TA timer expires, the TA is considered to be invalid.
For connected mode UE, both the UE and the eNB maintain the TA timer, and the TA can be updated through PDCCH order or TAC. For example, if the eNB finds out that the TA timer is about to expire or the eNB thinks the UE’s TA may be inaccurate (e.g. maybe UL channel quality is lower than expected), the eNB can send a PDCCH order to trigger the UE to send a NPRACH preamble, and update the UE’s TA accordingly.
Upon leaving connected mode, the UE will release TA value and TA timer. Thus, in order to enable UL transmission in preconfigured resources in idle mode, the TA value needs to be stored when a UE leaves connected mode and goes to idle mode.
Observation 2: According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer.
Proposal 5: RAN1 asks RAN2 to enable idle mode UE storing TA value.
According to the WID [1], UL transmission in preconfigured resources can be used if the UE has a valid TA. For Rel-13~Rel-15 connected mode UEs, whether the TA is valid or not depends on whether the TA timer has expired. This can be taken as a reference on defining “valid TA” in terms of UL transmission in preconfigured resources. However, if the TA valid condition only includes the TA timer, two issues may emerge considering the UE mobility situation, which are detailed below and summarized in Table 1.
· Issue 1: Invalidated TA with unexpired timer
· For example, for high mobility applications, such as logistics tracking, the TA timer does not expire, but the UE has moved far away from the place where the TA was calculated.
· If the TA valid condition only depends on the TA timer, then the UE determines the TA is valid even though it is no longer good, and uses this TA to adjust its uplink timing for UL transmission, resulting in serious interference to other UEs.
· Issue 2: Valid TA with expired timer
· For example, for low mobility applications, such as pet tracking, the TA timer expires, but the range of the UE movement is limited.
· If the TA valid condition only depends on the TA timer, then the UE determines the TA is invalid even though it is still good, and is unnecessarily prevented from using UL transmission in preconfigured resources.
· Since most NB-IoT UEs are low mobility UEs, the design of preconfigured UL transmission needs to consider this issue.
[bookmark: _Ref520481103]Table 1 Issues if the TA valid condition only depends on the TA timer 
	
	The UE determines the TA is valid/invalid depending only on TA timer
	 TA accuracy
	Example

	Issue 1: Invalidated TA but unexpired timer
	Valid
	Invalid
	For high mobility applications, such as logistics tracking, the TA timer does not expire, but the UE has moved far away from the place where the TA was calculated

	Issue 2: Valid TA but expired timer
	Invalid
	Valid
	For low mobility applications, such as pets tracking, the TA timer expires, but the range of the UE’s movement is limited



It is worth noting that Issue 1 and Issue 2 also exist for R13~R15 connected mode UEs. However, PDCCH order is available to alleviate the problem as we described above. So the key challenge lies in idle mode, where PDCCH order does not exist.
In summary, how to define “valid TA” needs further investigation, especially for idle mode. The valid TA criterion in connected mode, i.e. based on TA timer expiration, can be taken as a reference but may be not enough.
Observation 3: If the TA valid condition only depends on the TA timer, the cases of an invalid TA with unexpired timer and a valid TA with expired timer will arise considering the UE mobility situation.
Proposal 6: How to judge the stored TA is “valid TA” or not needs further investigation considering the UE mobility situation.
Resource configuration
Parameters related to UL transmission, such as TBS, MCS, number of repetitions, etc., shall be configured to the UE. Since the eNB may not have accurate knowledge about the UE UL traffic, the configured values, such as TBS and number of repetitions, may not perfectly match the UE actual data requirement. Similar issues are studied in Rel-15 EDT [2], which can be taken as a reference.
Another issue is about eNB scheduling complexity. Since the time-frequency resources used for this Rel-16 feature is invisible to Rel-13~Rel-15 UEs, the eNB has to do careful scheduling to separate between the preconfigured resources and the normal NPUSCH resources. It is important to consider to reduce the eNB scheduling complexity.
Proposal 7: The impact on eNB scheduling due to preconfigured UL resources shall be considered.
UE activity detection & eNB blind decoding
Since the eNB does not know whether there is UL transmission in the preconfigured resources, the eNB may have to do blind decoding in all the preconfigured resources. Thus, the eNB complexity and power consumption may be increased, and the impact of false alarm and missed detection in the eNB receiver need to be considered.
UE activity detection can help the eNB first identify whether there is UL transmission in the preconfigured resources, and hence to perform decoding if needed. UE activity detection can be done in many ways, such as sequence detection, energy detection, etc.
Proposal 8: UE activity detection and eNB blind decoding should be considered in terms of eNB complexity and power consumption, and the impacts of false alarm and missed detection.
HARQ
After the UE has transmitted an UL data packet in the preconfigured resources, it is possible that the eNB decodes the packet correctly or incorrectly, or does not even detect the transmission. UE behaviors related to those cases shall be studied.
Proposal 9: HARQ procedures of UL transmission in preconfigured resources need to investigate.
Multi-user resource sharing
According to the WID [1], for UL transmission in preconfigured resources, both shared resources and dedicated resources can be discussed, and this is limited to orthogonal (multi) access schemes.
As for the dedicated resource case, the UL transmission is free from intra-cell interference but at the cost of large network resource overhead. On the other hand, allowing multiple users to share the same time-frequency resources is beneficial in terms of increasing spectrum efficiency and reducing network resource overhead. However, the challenge of shared resource is how the eNB can decode each UE UL data correctly when multiple users are transmitting on the same time-frequency resource simultaneously.
Proposal 10: If multiple users are allowed to transmit on the same time-frequency resources simultaneously, it needs to be considered how the eNB can decode each UE data correctly.
Conclusion
In this contribution, UL transmission in preconfigured resource is discussed from perspective of Timing advance, resource configuration, UE activity detection, HARQ transmission etc. The observations and proposals in the contribution are summarized as following.
Observation 1: Considering many NB-IoT UEs stay in idle mode for much of the time and send small UL data packet periodically or sporadically, UL transmission in preconfigured resources would be used more often in idle mode.
Observation 2: According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer.
Observation 3: If the TA valid condition only depends on the TA timer, the cases of an invalid TA with unexpired timer and a valid TA with expired timer will arise considering the UE mobility situation.
Proposal 1: UL transmission in preconfigured resources in idle mode can be prioritized.
Proposal 2: Both cell-specific and UE-specific configurations of UL transmission in preconfigured resources in idle mode can be considered.
Proposal 3: Task RAN2 to enable UE-specific configurations of UL transmission in preconfigured resources in idle mode.
Proposal 4: DL synchronization is assumed before UL transmission in preconfigured resources.
Proposal 5: RAN1 asks RAN2 to enable idle mode UE storing TA value.
Proposal 6: How to judge the stored TA is “valid TA” or not needs further investigation considering the UE mobility situation.
 Proposal 7: The impact on eNB scheduling due to preconfigured UL resources shall be considered.
Proposal 8: UE activity detection and eNB blind decoding should be considered in terms of eNB complexity and power consumption, and the impacts of false alarm and missed detection.
Proposal 9: HARQ procedures of UL transmission in preconfigured resources need to investigate.
Proposal 10: If multiple users are allowed to transmit on the same time-frequency resources simultaneously, it needs to be considered how the eNB can decode each UE data correctly.
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