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In RAN1 #96b meeting, the following agreements were achieved for the transmission in preconfigured resources [1].
	Working Assumption#1
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
The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.
Working Assumption#2
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
Send an LS to RAN2 to include two above working assumptions. Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed.
Agreement
The UE monitors the MPDCCH for at least a time period after a PUR transmission 
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in the time period
· FFS: If and how often UE monitors MPDCCH after a PUR allocation in which it has not transmitted
Agreement
The value(s) of RSRP threshold(s) is UE specific
Agreement
The power control parameters within the PUR configuration, shall at least include:
· Target UL power level (P_0) for the PUR transmission
Agreement 
For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.


In this contribution, the aspects related to preconfigured UL resources （PURs） in both idle and connected mode with both shared and dedicated resources are discussed. 
[bookmark: _Ref129681832]Discussion
In order to enable a robust and efficient transmission in PURs, technical issues including resource allocation mechanism, UL synchronization, UE activity and data detection, collision management, power control, link adaptation and HARQ feedback, are summarized in Figure 1 and discussed in Sections 2.1 through 2.6.
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[bookmark: _Ref520453037]Figure 1: Design aspects related to the transmission in PURs
In addition, the periodic traffic with small packets, such as meter applications, is a typical and important MTC use-case. In such cases, the terminals (such as meters) are stationary and suitable to enable transmission in PURs especially in idle mode, so that they can stay in idle mode longer to save power. 
Proposal 1: The transmission in PURs in idle mode should be prioritized.
Types of PUR
Different types of PURs
In RAN1 #94b meeting, three types of PURs were discussed [3]. For dedicated PURs, collisions can be avoided and the transmission robustness and reliability can be guaranteed. Moreover, dedicated resources allocation does not represent an additional burden for eNB in terms of complexity, and have little impact to the specifications. For contention-free shared (CFS) PURs, although different UEs can be distinguished ahead of data transmission, e.g. by different DMRS, data collisions may also result in transmission failures due to the high interference between colliding UEs. For the contention-based shared (CBS) PURs, both DMRS and data may collide with each other, which increases the detecting complexity for eNB and the corresponding contention resolution should be studied.
Observation 1: The benefits that shared PUR can bring should be further evaluated.
PUR configuration
In RAN1 #96 meeting, the following agreement was achieved：
Agreement in RAN1 #96
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern
The time domain resources includes periodicity(s), number of repetitions, number of RUs, starting position. The frequency domain resources may include the number of tones and RBs, i.e., 2/3/6 tones/RBs. For TBS(s)/MCS(s), the Rel-15 EDT can be taken as a reference. For example, in Rel-15 EDT, if the packet size is smaller than the configured maximum TBS, the UE can use a smaller TBS to avoid padding and waste of power, and the UE can scale down the repetition number to save power and network resource. For power control parameters, legacy open-loop power control can be taken as a reference. For the legacy DMRS pattern, once the eNB configures the number of tones/RBs to the UE, the DMRS will occupy all the allocated frequency resource. Thus, the DMRS pattern can be implicitly derived from the number of allocated tones/RBs. Since this is only for dedicated PUR, the DMRS sequence generation can follow legacy eMTC design.
Shared PUR
For shared PUR, multiple UEs can simultaneously transmit in shared resources. Compared with dedicated PUR, shared PUR might be beneficial in terms of increasing spectrum efficiency and reducing network resource overhead. 
In RAN1#96bis agreement, for dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling. For CFS PUR in idle mode, eNB can also configure same PUR resource to multiple UEs by UE-specific RRC signaling. This indication method can maintain the commonality in design between dedicated PUR and CFS PUR in case CFS PUR is supported. The challenge of CFS PUR is how the eNB can identify different UEs transmitting in the same CFS PUR and obtain the channel estimation of the UEs for demodulation and decoding. To deal with this issue, UE-specific DMRS is needed to assign different DMRS sequences to different UEs. 
Proposal 2: Configuration of UE-specific DMRS is adopted if CFS PUR is supported.
System synchronization
Synchronization in idle mode
It has been agreed in RAN1 #95 meeting that the RSRP change is supported to valid TA. The RSRP is influenced by many factors, such as moving direction, shadow fading, surrounding environment and so on. So the RSRP threshold for TA validation should be UE specific. When the channel condition changes, a new RSRP threshold can be reconfigured. With the ability to reconfigure the RSRP threshold, one absolute RSRP threshold value is enough for TA validation.
Proposal 3: Only one absolute RSRP threshold value for TA validation is configured.
The UE exactly knows when to transmit using the PUR, so it should guarantee to complete the TA validation before PUR transmission. The minimum timing for performing TA validation can just simply be left to the UE implementation. If it is necessary that the TA validation is not performed too early before PUR transmission, a maximum timing β can be defined as shown in Figure 2, so that the UEs should perform TA validation within β before PUR transmission.
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[bookmark: _Ref7010456]Figure 2. Maximum TA validation timing
Proposal 4: A maximum timing β can be defined, so that the UE should perform TA validation no earlier than β before PUR transmission.
New TA acquisition
When TA validation suggests that the TA is invalid, the UE may initiate the RACH procedure or EDT to establish the UL synchronization. If only TA is required to be updated, the UE does not need to complete the RACH procedure completely. The first two steps in RACH are enough to obtain TA and/or other configurations. So a compact RAR can be used to update TA, while how to recognize the PUR UEs needs be considered. For example, a dedicated preamble can be allocated to each of the UEs who have been configured with PUR(s).
Proposal 5: Legacy RACH/EDT procedure or simplified RACH can be initiated to update the TA value. 
Power control
Power control is essential for transmissions in PURs, because on one hand the transmission power should be large enough to guarantee the UL transmission reliability, and on the other hand, the transmission power should not be too high to avoid causing severe interference to other UEs and to save energy. In the last RAN1 meeting, we agreed that a target UL power level (P_0) for the PUR transmission is configured. However, it may be not suitable after a period of time, so it should be updated in time. DCI or RRC signaling can be considered to update the target UL power or the ramping step.
Proposal 6: The UL target power or power ramping step should be able to be updated either by DCI or by RRC.
HARQ feedback
HARQ for transmission in dedicated PURs in idle mode has been supported [2]. If transmission skipping is configured, the transmissions in PURs rely on the eNB blind detection of UL transmission. Without HARQ feedback, if the blind detection fails, the transmission data may be lost in layer 1. Therefore, it is essential to support HARQ feedback in order to improve the transmission reliability. 
Feedback content
For dedicated PUR in idle mode, an explicit ACK has been agreed to be reported by the eNB upon successfully decoding a PUR transmission. As discussed in [4], using NDI field to indicate ACK is beneficial compared with the legacy ACK format, since it can save more bits for other uses.
Proposal 7: The NDI field in format 6-0A/B can be used to indicate a PUR ACK.
While the feedback content upon unsuccessful decoding a PUR transmission is still open. When PUR transmission fails, both retransmission and fallback should be supported. So both NACK and UL grant for retransmission should be supported upon unsuccessful decoding of a PUR transmission and the NACK can be used to trigger the fallback to RACH or EDT. In addition, the UL grant can also be used for PUR reconfigurations and the retransmission can be sent in the next PUR using the updated PUR configurations.
Proposal 8: Both NACK and UL Grant for retransmission should be sent by eNB upon unsuccessful decoding of a PUR transmission and the NACK can be used to indicate the UE to perform RACH or EDT.
Proposal 9: The UL grant can also be used to update the PUR configurations and using the next PUR for retransmission with the updated PUR configurations.
MPDCCH search space
A UE specific RNTI has been agreed to be configured and whether a common RNTI is supported is FFS. When only ACK, TA and/or other updating information is reported via DCI, only a few bits are needed and using UE-specific DCI is very wasteful. Just as DCI format 3/3A, a UE-group DCI can be considered to deliver the ACK and/or the most commonly updated parameters.
Proposal 10: A UE-group RNTI should be supported.
After PUR transmission, downlink data may be scheduled to deliver the interactive information from higher layer, such as higher layer ACK. In order to reduce the scheduling overhead, the DCI used for physical layer ACK can be used to schedule the PDSCH with higher layer feedback. If the eNB does not have enough time to prepare the data from higher layer using the same DCI, a separated DCI can also be used for scheduling downlink data. In order to reduce the blind detection, an indication can be included in the DCI carrying physical layer ACK to inform the UE whether there is downlink data followed.
Proposal 11: An indication can be delivered via the DCI carrying physical layer ACK to inform the UE whether there is downlink data followed.
Reconfiguration
Once the PUR is allocated to UEs, the configuration parameters will be used in following PUR transmissions. However, as the wireless channel varies, the configurations may be not suitable for the UE after a while. In RAN1 #96 meeting, it has been agreed that PUR configurations and PUR parameters may be updated after a PUR transmission. However, when the PUR periodicity is long or the wireless channel changes a lot but the TA is still valid between two PUR transmission opportunities, the PUR transmission will fail with high probability due to improper power or repetition number. In order to improve the probability of PUR successful transmission, it is better to enable UE triggered PUR reconfiguration. For example, two RSRP thresholds can be configured, the smaller one can be used to trigger PUR reconfiguration and the lager one is used to valid the TA. When PUR reconfiguration is triggered, predefined sequence, such as DMRS or SRS, can be sent by the UE to acquire reconfiguration.
Proposal 12: UE triggered PUR reconfiguration should be supported and two RSRP threshold can be configured, where one is used to trigger PUR reconfiguration and the other one is used to valid the TA.
Since ACK is reported after PUR transmission, the reconfigurations, such as power control, TA and repetition number, can also be transmitted together with ACK.
Proposal 13: The reconfigurations of PUR can be delivered via the DCI carrying ACK.
Skipping transmission
The transmissions in PURs strongly rely on the eNB’s blind detection if skipping is configured. Compared to skipping UL transmission, no skipping UL transmission can reduce the decoding complexity for eNB, while skipping UL transmission in PUR can reduce the UE power consumption. For power sensitive NB-IoT UEs, skipping UL transmission should be supported and the mechanism to disable skipping may be not needed. As MTC UEs are less sensitive to power compared to NB-IoT UEs, it is beneficial to support mechanism to disable skipping by eNB, considering the scheduling flexibility and the BS decoding burden. For example, the indication can be sent by SIB or can be configured UE-specifically. 
Proposal 14: Support mechanism to disable skipping by eNB.
PUR resource release/activation
UE side
Once PURs are configured, they will be reserved for a period of time. If there is no transmissions in the PUR(s), it is better for the UEs to release the PUR(s) in order to improve the system spectrum efficiency. Either no transmission or transmitting all “0” for more than M continuous PUR can be used to indicate the PUR release. 
eNB side
When the network traffic load is too high, the eNB should be able to release PUR to coordinate the network resources utilization. When the network resources are underutilization, the eNB can activate more PUR transmissions to make full use of the network resources. The release or activation command can be transmitted via the same channel as HARQ feedback.
Proposal 15: Both eNB triggered and UE triggered PUR resource release are supported.
Conclusions
In this contribution, the technical issues related to the transmission in PURs are discussed. We have the following observation and proposals:
Observation 1: The benefits that shared PUR can bring should be further evaluated.
Proposal 1: The transmission in PURs in idle mode should be prioritized.
Proposal 2: Configuration of UE-specific DMRS is adopted if CFS PUR is supported.
Proposal 3: Only one absolute RSRP threshold value for TA validation is configured.
Proposal 4: A maximum timing β can be defined, so that the UE should perform TA validation no earlier than β before PUR transmission.
Proposal 5: Legacy RACH/EDT procedure or simplified RACH can be initiated to update the TA value. 
Proposal 6: The UL target power or power ramping step should be able to be updated either by DCI or by RRC.
Proposal 7: The NDI field in format 6-0A/B can be used to indicate a PUR ACK.
Proposal 8: Both NACK and UL Grant for retransmission should be sent by eNB upon unsuccessful decoding of a PUR transmission and the NACK can be used to indicate the UE to perform RACH or EDT.
Proposal 9: The UL grant can also be used to update the PUR configurations and using the next PUR for retransmission with the updated PUR configurations.
Proposal 10: A UE-group RNTI should be supported.
Proposal 11: An indication can be delivered via the DCI carrying physical layer ACK to inform the UE whether there is downlink data followed.
Proposal 12: UE triggered PUR reconfiguration should be supported and two RSRP threshold can be configured, where one is used to trigger PUR reconfiguration and the other one is used to valid the TA.
Proposal 13: The reconfigurations of PUR can be delivered via the DCI carrying ACK.
Proposal 14: Support mechanism to disable skipping by eNB.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 15: Both eNB triggered and UE triggered PUR resource release are supported.
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