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In RAN1#97 and RAN2 #106 meetings, the following agreements were achieved for the transmission in preconfigured resources [1-3].
	RAN1 #97
Agreement
For a given UE, for dedicated PUR in idle mode and for a given CE mode, the same size DCI, the same PUR M-PDCCH candidates, and the same RNTI is used for all DCI messages for unicast transmissions.
Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: FD-FDD UEs, TDD UEs
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the MPDCCH for at least a time period after a PUR transmission
Agreement
For dedicated PUR in idle mode, 
· The maximum mPDDCH repetitions, rmax-mPDCCH-PUR, is included in the PUR configuration
Agreement
For dedicated PUR in idle mode, the duration of the PUR SS window is configured by eNB
· How the duration is configured, and the possible values, will be decided by RAN2.
Agreement
For dedicated PUR in idle mode, the CE mode is 
· Option 1: explicitly configured in the PUR configuration.
· Option2: based on CE mode of last connection
Down select in RAN1#98
Agreement
Select one of the following in RAN1#98
· Alt1: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs
· Alt2: In idle mode, the PUR search space PRB pairs is fixed to 2+4 PRBs
Agreement
For dedicated PUR in idle mode, if a UE skips a PUR transmission, it is not mandated to monitor the associated PUR SS window
RAN2#106
Agreement:
RRC response message needs to be supported by the UE and could be used in all cases.
For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed.
RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.
RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.
It is feasible to provide the UE with a UE-specific RNTI for D-PUR. Common or shared RNTI is also feasible.
The RNTI used for D-PUR is signalled together with other D-PUR configuration.


In this contribution, the aspects related to preconfigured UL resources (PURs) 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 2.8.
CFS PUR
For CFS PUR in idle mode, eNB can also configure the same PUR resource to multiple UEs by UE-specific RRC signaling, however with different DMRS. This configuration method can maintain the commonality in the 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 respectively for demodulation and decoding. To deal with this issue, UE-specific DMRS is needed to assign different DMRS sequences to different UEs on the same CFS-PUR.
[bookmark: OLE_LINK37]Compared with dedicated PUR, CFS PUR is beneficial in terms of increasing spectrum efficiency and reducing network resource overhead. As discussed in our companion contribution [7], MU-MIMO based CFS PUR can bring a lot of benefits at least for extreme coverage.
Therefore, we have following proposal:
Proposal 1: Support UE-specific orthogonal DMRS for transmission in PUR to enable MU-MIMO based CFS PUR.
PUR configuration and reconfiguration
PUR configuration parameters
Resource configurations
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.
Handling excessive uplink traffic demand 
Once one PUR is configured, the maximum TBS is fixed. However, if the size of the data package exceeds the maximum TBS, it is impossible to deliver all the messages through one PUR. If more PRBs are allocated to PUR to handle the burst excessive uplink traffic, there will be waste of resources.
Proposal 2: Consider the efficient handling of excessive uplink traffic demand for PUR.
The following options can be considered:
· Option 1: transmit the data in connected mode or EDT.
· Option 2: use the next PUR occasion 
· Option 3: configure multiple PUR and activate additional PUR(s) base on the UE demand
Option 1 forces the UE to go to connected mode or through EDT, so there’s little specification work, however the signaling overhead, the power consumption and the transmission delay will increase significantly. Option 2 will further increase the transmission delay, which is at least the same as the PUR periodicity. In addition, the data will accumulate along with the time and the data in the buffer may overflow. Option 3 offers an effective mechanism to deal with the large data packages. Multiple PURs can be configured for a UE, but only one PUR is always activated and the remaining PURs are activated based on the UE request. For example, the UE can request an additional PUR if the TBS is smaller than the data to be transmitted, then the eNB indicates an available PUR among the configured multiple PURs. Option 3 not only reduces the power consumption and the transmission delay, but also can avoid wasting resources.
CE Mode configuration
Since the dedicated PUR is configured in connected mode, where the UE has already been configured a CEMode. So when the UE goes to idle mode, it can just assume the same CEmode as that in connected mode. 
Proposal 3: For dedicated PUR in idle mode, the CEMode is based on the CEmode of last connection.
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 condition on the RAN2 decision. Based on the achieved agreement in RAN2 #106, L2/L3 signaling is not always needed. So we can confirm the related working assumptions.
Proposal 4: Confirm the following working assumption:
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
Since there will be an explicit ACK after PUR transmission as previously agreed, the reconfigurations, such as power control, TA and repetition number, can also be transmitted together with the explicit ACK.
In addition, 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 5: The following reconfigurations of PUR can be delivered via the DCI carrying ACK:
· Power adjustment
· 	TA adjustment
· 	Repetition number
· Higher layer data indication
However, although PUR configurations are updated after PUR transmission, 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 still 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 6: UE triggered PUR reconfiguration is 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.
HARQ feedback
HARQ for transmission in dedicated PURs in idle mode has been supported [4]. If transmission skipping is configured, the transmissions in PURs rely on the eNB’s 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 very essential to support HARQ feedback in order to improve the transmission reliability. HARQ feedback should also be supported for CFS PUR transmissions. 
Feedback content
In previous meetings, we had the following agreements:
Agreement
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.
Agreement
For dedicated PUR in idle mode, the Dedicated PUR ACK is at least sent on MPDCCH 
· RAN2 can decide if a higher layer PUR ACK is also supported
Based on the agreements, for dedicated PUR in idle mode, an explicit ACK will be fed back by the eNB upon successfully decoding a PUR transmission no matter there is RRC response messages or not. In addition, the transmission delay of the RRC response messages is very large [7], so the UE will monitor the search space for a long time if there is no L1 ACK. As discussed in Section 2.2.2, in order to reduce the search space blind detection complexity and save power, an indication can be included in the DCI carrying physical layer ACK to inform the UE whether there is downlink data followed. In this way, the L1 ACK is beneficial in terms of complexity on monitoring MPDCCH and power consumption.
Observation 1: For dedicated PUR in idle mode, an explicit ACK is always sent by the eNB upon successfully decoding a PUR transmission is beneficial in terms of search space monitoring complexity and power consumption.
For the following answer in RAN2 LS, after reading RAN1 agreements in a preceding LS, the interpretation of RAN2’s assumption is that if there’s any L1 signaling for ACK, it should not interrupt or has any impact on the transmission of pending downlink data or signaling. Based on above analysis, it’s obvious that the explicit ACK (with indication of any pending downlink data or signaling) will not have impact on any following downlink transmission, therefore, the RAN2 assumption in the LS does not have any impact on RAN1's agreements regarding the introduction of L1 ACK.  
· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

As discussed in [6], it is preferable to use NDI field to indicate ACK, as more bits can be saved for other uses compared with legacy ACK format.
Proposal 7: The NDI field in format 6-0A/B can be used to indicate a PUR ACK.
The feedback content upon unsuccessful decoding a PUR transmission is still a remaining issue. When PUR transmission fails, both retransmission and fallback to EDT/RACH should be supported. So both explicit 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.
Proposal 8: A NACK or 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.
Another remaining issue is the UE behavior if nothing is received in the PUR search space. In order not to cause misunderstanding between UE and eNB, UE should perform EDT or RACH.
Proposal 9: UE falls back to EDT/RACH procedure if the UE receives nothing in PUR search space.
MPDCCH search space
Based on the achieved agreement in RAN2 #106, the UE-specific RNTI, or common or shared RNTI are both feasible, so the working assumption achieved in RAN1 #96 meeting can be confirmed.
Proposal 10: Confirm the following working assumption 
	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
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. Therefore, a UE-group DCI similar to DCI formats 3/3A can be considered to deliver the ACK and/or the most commonly updated parameters.
Proposal 11: A DCI scrambled with a UE-group RNTI to indicate ACK is supported. FFS the other information indicated by the DCI.
The channel conditions may be very different among different UEs, so the PRB pairs for MPDCCH should be configurable, which can be the included in the configuration signaling of PUR parameters. 
Proposal 12: For dedicated PUR, the PUR search space PRB pairs are configured by UE specific RRC between {2, 2+4, 4} PRBs.
If the PUR transmission fails, the UE may retransmit the data based on the BS scheduling. Then after retransmission, the UE also have to monitor the SS for ACK/NACK. So there can be multiple search spaces after one PUR transmission and the UE can skip the monitoring of the following search spaces if an ACK is received and there is no pending downlink data or signaling.
Proposal 13: There can be multiple search spaces to be monitored after one PUR transmission and the UE can skip the monitoring of the following search spaces if an ACK is received and there is no pending downlink data or signaling.
System synchronization
Synchronization in idle mode
It has been agreed in RAN1 #95 that the RSRP change is supported to validate the TA. The RSRP is influenced by many factors, such as moving direction, shadow fading, surrounding environment, etc. 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 14: Only one absolute RSRP threshold value for TA validation is configured.
The UE exactly knows when to transmit via the PUR, so it should guarantee to complete the TA validation before PUR transmission. The minimum timing for performing TA validation can be left to the UE implementation. To make sure that the TA validation is not performed too early to be outdated before PUR transmission, a maximum timing β can be defined shown in Figure 1, so that the UEs should perform TA validation within β before PUR transmission. In addition, β may be different for different TA validation attributes and different UEs with different processing capabilities. Therefore, β should be a UE specific parameter.
[image: ]
[bookmark: _Ref7010456]Figure 1. Maximum TA validation timing
Proposal 15: The UE should perform TA validation no earlier than β before PUR transmission, where β is configured in UE specific RRC message.
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 UE who have been configured with PUR(s).
Proposal 16: Legacy RACH/EDT procedure or simplified RACH can be initiated to update the TA value. 
Collision with paging 
When PUR SS collides with the paging SS, the following options can be considered:
Option 1: Not required to monitor Paging CSS
Option 2: Not required to monitor PUR SS
For option 2, the UE will miss the feedback of the PUR, then the UE may initial RACH or EDT to connected mode to transmit data, which will increase the power consumption and transmission delay. For option 1, the UE may miss the ETWS, CMAS and systemInfoModification included in paging. In order not to miss the essential information in paging and not to miss the PUR feedback, the ETWS, CMAS, systemInfoModification and/or the indication to go to connected mode can be delivered via the DCI carrying PUR ACK or downlink higher layer messages after PUR transmission.
Proposal 17: If the PUR SS collides with the paging SS, the UE is not required to monitor paging CSS, and the ETWS, CMAS, systemInfoModification and/or the indication to go to connected mode can be delivered by the DCI carrying PUR ACK or by the downlink higher layer messages.
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, it is 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 18: The UL target power or power ramping step should be able to be updated either by DCI or by RRC.
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 of 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 consumption 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 19: Support mechanism to disable skipping by eNB.
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UE side
Once PURs are configured, they will be reserved for a period of time. If there are no transmissions in the PUR(s), it is beneficial 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 under-utilized, 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 20: 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: For dedicated PUR in idle mode, an explicit ACK is always sent by the eNB upon successfully decoding a PUR transmission is beneficial in terms of search space monitoring complexity and power consumption.

Proposal 1: Support UE-specific orthogonal DMRS for transmission in PUR to enable MU-MIMO based CFS PUR.
Proposal 2: Consider the efficient handling of excessive uplink traffic demand for PUR.
Proposal 3: For dedicated PUR in idle mode, the CEMode is based on the CEmode of last connection.
Proposal 4: Confirm the following working assumption:
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
Proposal 5: The following reconfigurations of PUR can be delivered via the DCI carrying ACK:
· Power adjustment
· 	TA adjustment
· 	Repetition number
· Higher layer data indication
Proposal 6: UE triggered PUR reconfiguration is 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 7: The NDI field in format 6-0A/B can be used to indicate a PUR ACK.
Proposal 8: A NACK or 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: UE falls back to EDT/RACH procedure if the UE receives nothing in PUR search space.
Proposal 10: Confirm the following working assumption 
	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
Proposal 11: A DCI scrambled with a UE-group RNTI to indicate ACK is supported. FFS the other information indicated by the DCI.
Proposal 12: For dedicated PUR, the PUR search space PRB pairs are configured by UE specific RRC between {2, 2+4, 4} PRBs.
Proposal 13: There can be multiple search spaces to be monitored after one PUR transmission and the UE can skip the monitoring of the following search spaces if an ACK is received and there is no pending downlink data or signaling.
Proposal 14: Only one absolute RSRP threshold value for TA validation is configured.
Proposal 15: The UE should perform TA validation no earlier than β before PUR transmission, where β is configured in UE specific RRC message.
Proposal 16: Legacy RACH/EDT procedure or simplified RACH can be initiated to update the TA value. 
Proposal 17: If the PUR SS collides with the paging SS, the UE is not required to monitor paging CSS, and the ETWS, CMAS, systemInfoModification and/or the indication to go to connected mode can be delivered by the DCI carrying PUR ACK or by the downlink higher layer messages.
Proposal 18: The UL target power or power ramping step should be able to be updated either by DCI or by RRC.
Proposal 19: Support mechanism to disable skipping by eNB.
Proposal 20: Both eNB triggered and UE triggered PUR resource release are supported.
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