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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 RAN1#96bis [2], the following agreements were made with respect to transmission in preconfigured UL resources.
	Agreement
In idle mode, a UE can be configured such that TA is always valid within a given cell.
· Up to RAN2 how to implement 
· e.g. PUR Time Alignment Timer or NRSRP Threshold = infinity 

Agreement 
The value(s) of NRSRP threshold(s) is UE specific

Agreement
The UE monitors the NPDCCH for at least a time period after a PUR transmission.
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in that time period. 
· FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted

Agreement
Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK

Agreement
After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS.

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. (LS is endorsed in eMTC agenda item)

Agreement 
For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.


In this paper, we give detailed analysis on several aspects of transmission in preconfigured UL resources.
Timing Advance (TA)
Validation mechanism for TA
In previous RAN1 meetings, TA validation attributes were agreed to be supported and most issues are solved or left to RAN2/RAN4. One issue that is still unresolved is the “accurate TA with expired timer” issue, which was discussed in our previous paper [15] and is further discussed below.
For low mobility applications, such as pet tracking, it is possible that the TA timer expires but the range of the UE movement is limited. If the configured TA validation attributes include the TA timer, then the UE determines the TA is invalid even though it is still accurate, and is unnecessarily prevented from using PUR. Since large portions of NB-IoT UEs have low mobility UEs, the design of TA validation mechanism needs to consider this issue.
One way to overcome this issue is that the UE is allowed to restart the TA timer when its mobility is extremely low, e.g., when the measured NRSRP change is extremely small.
Observation 1: For low mobility applications, it is possible that the TA timer expires but the TA is still accurate, and the UE may be unnecessarily prevented from using PUR due to the TA timer expired.
Proposal 1: The UE is allowed to restart the TA timer when its mobility is extremely low, e.g., when the measured NRSRP change is extremely small.
TA update
In RAN1#96 [3], the following agreements were made with respect to TA update.
	Agreement
When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA


Once the TA is invalid, the UE is not allowed to transmit data on PUR to avoid intra-cell interference, and the UE may initiate conventional RACH/EDT procedures to transmit data. However, conventional RACH/EDT is based on contention based RACH procedure, and may be too heavy for a PUR UE in IDLE mode who cannot transmit PUR transmission just due to TA invalid. It would be beneficial to introduce light mechanism to update TA. Once the TA is recovered or updated to be valid, the UE can still transmit data on PUR resource, which shall not consume additional resource to transmit Msg1, Msg2, Msg3 and Msg4 in conventional RACH procedure. As an example, a contention-free PRACH preamble can be configured to the UE along with the PUR configurations, and the PRACH preamble can be even configured to transmit inside the allocated PUR resource for further resource overhead reduction. When the TA is invalid, the UE can send the contention-free PRACH preamble to update TA with reduced signaling overhead and resource overhead. 
In summary, compared to using conventional RACH/EDT procedures just due to TA invalid, a simplified procedure to update TA can bring the following benefits:
· The configured PRACH preamble is contention free and the PUR is dedicated. However, conventional RACH/EDT is contention-based and may cause resource collision and the retransmission of Msg3;
· Reduce signaling overhead compared to 4-step RACH procedure (avoid entering RRC_CONNECTED mode)
· PUR transmission can support larger TBS than EDT (EDT only support 1000 bits TBS)
· Avoid wasting the PUR, which is already allocated
· A PUR-capable UE does not necessarily support EDT feature, and may be only able to fallback to RACH procedures.
Proposal 2: When the TA is validated and found to be invalid, and the UE has data to send, it is supported that only TA is acquired and then data are sent on PUR.
Proposal 3: A contention-free PRACH preamble is configured in the PUR configuration to the UE for TA update purpose.
HARQ
In RAN1#96bis [2], the following agreements were made with respect to HARQ.
	Agreement
The UE monitors the NPDCCH for at least a time period after a PUR transmission.
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in that time period. 
· FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted

Agreement
Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK

Agreement
After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission on NPDCCH. Other behaviors are FFS.

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. (LS is endorsed in eMTC agenda item)


NPDCCH monitoring
For reference, a background on HARQ procedures of EDT is provided in Annex A. Since the UE behavior related to transmission in PUR is similar to EDT, it is possible the HARQ procedures of PUR are similar to the HARQ procedures of EDT. For example, as Figure 1 shows, after data transmission on PUR, the UE may also start a timer and monitor the NPDCCH until the timer expires or is stopped. Similar to EDT, if the timer expires and nothing is received, the UE shall consider the data transmission on PUR not successful and shall flush the HARQ buffer.
Proposal 4: After data transmission on PUR, the UE starts a timer and monitors the NPDCCH until the timer expires or is stopped. If the timer expires and nothing is received, the UE shall consider the data transmission on PUR not successful and shall flush the HARQ buffer.


[bookmark: _Ref535521751]Figure 1 Illustration of PUR transmission
In RAN1#95 [4], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions. In RAN1#96bis agreement, there is an FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted. 
If the UE always skips UL transmissions and does not monitor the NPDCCH, then the eNB cannot send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications to the UE efficiently and timely. If the UE monitors NPDCCH after every PUR occasion it skips, then the UE power consumption is too large. In this regard, we propose the UE is required to monitor NPDCCH after skipping N PUR occasions so that the eNB can send DCI in these NPDCCH search spaces to schedule PUR reconfiguration or PUR release indications. N can be configured in the PUR configuration to balance between reachability and UE power consumption.
Observation 2: If the UE always skips UL transmissions and does not monitor the NPDCCH, then the eNB cannot send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications to the UE efficiently and timely.
Observation 3: If the UE monitors NPDCCH after every PUR occasion it skips, then the UE power consumption is too large.
Proposal 5: The UE is required to monitor NPDCCH after skipping N PUR occasions, where N is configured in the PUR configuration.
eNB and UE behavior when successful decoding of PUR transmission
In RAN1#96bis [2], it has been agreed that reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK.
In current DCI format N0 (UL grant), there are many reserved states in “Subcarrier indication” field. Therefore, we propose to use reserved states in “Subcarrier indication” field of DCI format N0 to convey the dedicated PUR ACK.
Proposal 6: Use reserved states in “Subcarrier indication” field of DCI format N0 to convey the dedicated PUR ACK.
The UE behavior upon receiving a dedicated PUR ACK needs to be specified. Some companies propose that when a dedicated PUR ACK is detected, the UE can go back to sleep mode directly to save power. However, there are some problems when there is  higher layer feedback (DL RRC Msg or DL data) for the UE after data transmission on PUR.
In RAN1#96 [3], it has been agreed that RAN2 can decide if a higher layer PUR ACK is also supported. As described above, higher layer feedback is supported for EDT. Since the UE behavior related to transmission in PUR can be similar to EDT, higher layer feedback may also be supported for PUR. In this case, on the eNB side, when the eNB successfully decodes UL data, the eNB needs to communicate with MME/S-GW, which can cost hundreds or thousands of milliseconds. Once the eNB receives response from MME/S-GW, the eNB can send higher layer feedback to the UE. However, if a dedicated PUR ACK has already been sent to the UE and the UE has already been in sleep mode, then the eNB can only send the higher layer feedback via paging procedures, which significantly increases UE power consumption and latency.
To cope with the issue above, we propose that upon receiving a dedicated PUR ACK, the UE may stop monitoring NPDCCH search space for a certain duration (e.g., K PDCCH occasions), and then continue monitoring NPDCCH search space. In this case, the power consumption of monitoring NPDCCH search space can be reduced since the K PDCCH occasions can be skipped by the UE. Meanwhile, the UE can still receive higher layer feedback efficiently since the UE will continute monitoring NPDCCH search space after skipping the K PDCCH occasions. K can be semi-statically configured or indicated in the dedicated PUR ACK DCI.
Proposal 7: RAN1 needs to specify the UE behavior upon receiving a dedicated PUR ACK.
Observation 4: If higher layer feedback is supported and UE goes back to sleep mode directly upon receiving a dedicated PUR ACK, then the eNB can only send the higher layer feedback via paging procedures, which significantly increases UE power consumption and latency.
Proposal 8: Upon receiving a dedicated PUR ACK, the UE may stop monitoring NPDCCH search space for a certain duration (e.g., K PDCCH occasions), and then continue monitoring NPDCCH search space. 
eNB and UE behavior when unsuccessful decoding of PUR transmission
According to current specifications, when unsuccessful decoding by eNB occurs, the UE may receive an UL grant for retransmission, which is conveyed by DCI format N0 (NDI not toggled). Then the UE performs NPUSCH retransmission according to the scheduling information in DCI format N0. However, this mechanism requires the eNB to allocate extra UL resources for NPUSCH retransmission, which increases resource overhead. Since the UE has already been configured with dedicated and periodic PUR resource, it is proposed that the NPUSCH retransmission can be also performed on the next PUR resource to avoid allocating extra UL resource.
Proposal 9: Upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission, which may indicate UE perform NPUSCH retransmission on the next PUR resource.
UL transmission scheme
In RAN1#95 [4], it has been agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions. And it is	FFS: Whether or not to support mechanism to disable skipping by eNB. 
When there is no UL data to transmit and skipping of the PUR transmission is disabled, the UE needs to transmit dummy packet, which is a waste of UE power and UL resource. Since UE power consumption is critical for NB-IoT, we propose not to support mechanism to disable skipping by eNB.
Proposal 10: Do not support mechanism to disable skipping by eNB.
It has been agreed in RAN1#94bis [5] that for UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported. When the eNB identifies the UE ID but does not decode the packet correctly, the eNB may schedule a retransmission via DCI format N0 (UL grant) or indicate the UE to fallback to legacy RACH/EDT procedures. The latter case is beneficial when the legacy RACH/EDT resources are much less crowed than the PUR. For example, maybe there are multiple users transmitting in the preconfigured UL resources, and each uplink transmission suffer from serious intra-cell interference. The spare states/bits in DCI format N0 (UL grant) or N1 (NPDCCH order) can be considered to convey the fallback indications.
Proposal 11: The eNB can indicate to the UE to fallback to legacy RACH/EDT procedures, and the spare states/bits in DCI format N0 (UL grant) or N1 (NPDCCH order) can be considered to convey the fallback indication.
eNB decoding/scheduling complexity
In legacy RACH/EDT procedures, the UE transmits the preamble, which can implicitly inform eNB that it has UL data to send, and the following UL transmissions are scheduled by the eNB. So the eNB can first identify UE activity based on preamble detection, and then decode the data when the eNB detects there are UE transmitting data.
Observation 5: In legacy RACH/EDT procedures, the eNB can first identify UE activity based on preamble detection, and then decode the data when the eNB detects there are UE transmitting data.
For transmission in preconfigured UL resources, the UE may transmit data directly on preconfigured UL resources without sending a preamble ahead. Therefore the eNB may not know whether there is transmission in the preconfigured UL resources and may have to do blind processing in all the preconfigured UL resources. For example, the eNB may have to buffer UL signals and then do blind processing, i.e., eNB needs to do multiple hypotheses considering all the possible MCS, TBS, repetition numbers, etc. which impacts eNB complexity and power consumption.
Observation 6: If the eNB does not know whether there is transmission in the preconfigured UL resources, the eNB needs to do blind processing on the PUR resources including assuming multiple hypotheses considering all the possible MCS, TBS, repetition numbers, etc. This impacts eNB complexity and power consumption.
Proposal 12: RAN1 considers eNB blind decoding complexity and power consumption in the design of PUR mechanisms.
If there is a way to help the eNB identify UE activity, i.e., whether there is transmission in the preconfigured resources or even which UE is transmitting, the complexity and power consumption of the eNB can be decreased to a great extent. To achieve this, we consider the following: 
· DMRS-based UE activity detection: Theoretically, UE activity detection can be done through DMRS detection. However, for NB-IoT NPUSCH format 1 (used to carry UL data), the bandwidth is limited to 180 kHz and there is only one SC-FDMA symbol in a slot used for DMRS transmission. So the DMRS is limited in bandwidth and is sparse in time domain. So the UE activity detection performance (e.g., miss detection rate) based on DMRS needs further study.
· Indication signal-based UE activity detection: If the UE transmits an indication signal ahead of the UL data transmission, the eNB may need to decode UL data only when the corresponding indication signal is detected. The indication signal can occupy a continuous number of slots/RUs so that it can be detected by the eNB effectively. The detailed design of the indication signal needs further study.
Observation 7: UE activity detection can reduce the eNB complexity and power consumption, by helping the eNB to identify whether there is transmission in the preconfigured UL resources. The eNB then performs decoding if needed.
Observation 8: For NB-IoT NPUSCH format 1, the DMRS is limited in bandwidth and sparse in time domain. So the UE activity detection performance (e.g., miss detection rate) based on DMRS needs further study.
Proposal 13: Consider UE activity detection based on an indication signal.
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 the preconfigured resources and the normal NPUSCH resources. It is important to consider this issue to reduce eNB scheduling complexity.
Proposal 14: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating preconfigured resources and normal NPUSCH resources.
PUR resource configuration
In RAN1#96 [3], the following agreements were made with respect to PUR resource configuration for dedicated PUR.
	Agreement
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 include periodicity(s), number of repetitions, number of RUs, starting position. The frequency domain resources may include frequency location of PUR and may also include the number of tones, i.e., 1/3/6/12 tones. 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 to the UE, the DMRS will occupy all the allocated tones in frequency domain. Thus, the DMRS pattern can be implicitly derived from the number of allocated tones. Since this is only for dedicated PUR, the DMRS sequence generation can follow legacy procedure.
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 15: Configuration of UE-specific DMRS is adopted if CFS PUR is supported.
[bookmark: _GoBack]In current NB-IoT, the DMRS is cell-specific. UE-specific DMRS can be achieved via methods such as cyclic shift, time domain OCC and so on. Specification changes may be needed.
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.
Proposal 1: The UE is allowed to restart the TA timer when its mobility is extremely low, e.g., when the measured NRSRP change is extremely small.
Proposal 2: When the TA is validated and found to be invalid, and the UE has data to send, it is supported that only TA is acquired and then data are sent on PUR.
Proposal 3: A contention-free PRACH preamble is configured in the PUR configuration to the UE for TA update purpose.
Proposal 4: After data transmission on PUR, the UE starts a timer and monitors the NPDCCH until the timer expires or is stopped. If the timer expires and nothing is received, the UE shall consider the data transmission on PUR not successful and shall flush the HARQ buffer.
Proposal 5: The UE is required to monitor NPDCCH after skipping N PUR occasions, where N is configured in the PUR configuration.
Proposal 6: Use reserved states in “Subcarrier indication” field of DCI format N0 to convey the dedicated PUR ACK.
Proposal 7: RAN1 needs to specify the UE behavior upon receiving a dedicated PUR ACK.
Proposal 8: Upon receiving a dedicated PUR ACK, the UE may stop monitoring NPDCCH search space for a certain duration (e.g., K PDCCH occasions), and then continue monitoring NPDCCH search space.
Proposal 9: Upon unsuccessful decoding by eNB, the UE can expect an UL grant for retransmission, which may indicate UE perform NPUSCH retransmission on the next PUR resource.
Proposal 10: Do not support mechanism to disable skipping by eNB.
Proposal 11: The eNB can indicate to the UE to fallback to legacy RACH/EDT procedures, and the spare states/bits in DCI format N0 (UL grant) or N1 (NPDCCH order) can be considered to convey the fallback indication.
Proposal 12: RAN1 considers eNB blind decoding complexity and power consumption in the design of PUR mechanisms.
Proposal 13: Consider UE activity detection based on an indication signal.
Proposal 14: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating preconfigured resources and normal NPUSCH resources.
Proposal 15: Configuration of UE-specific DMRS is adopted if CFS PUR is supported.

Observation 1: For low mobility applications, it is possible that the TA timer expires but the TA is still accurate, and the UE maybe unnecessarily prevented from using PUR if the TA is determined to be invalid.
Observation 2: If the UE always skips UL transmissions and does not monitor the NPDCCH, then the eNB cannot send PUR reconfiguration (e.g., change PUR periodicity) or PUR release indications to the UE efficiently and timely.
Observation 3: If the UE monitors NPDCCH after every PUR occasion it skips, then the UE power consumption is too large.
Observation 4: If higher layer feedback is supported and UE goes back to sleep mode directly upon receiving a dedicated PUR ACK, then the eNB can only send the higher layer feedback via paging procedures, which significantly increases UE power consumption and latency.
Observation 5: In legacy RACH/EDT procedures, the eNB can first identify UE activity based on preamble detection, and then decode the data when the eNB detects there are UE transmitting data.
Observation 6: If the eNB does not know whether there is transmission in the preconfigured UL resources, the eNB needs to do blind processing on the PUR resources including assuming multiple hypotheses considering all the possible MCS, TBS, repetition numbers, etc. This impacts eNB complexity and power consumption.
Observation 7: UE activity detection can reduce the eNB complexity and power consumption, by helping the eNB to identify whether there is transmission in the preconfigured UL resources. The eNB then performs decoding if needed.
Observation 8: For NB-IoT NPUSCH format 1, the DMRS is limited in bandwidth and sparse in time domain. So the UE activity detection performance (e.g., miss detection rate) based on DMRS needs further study.
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Annex A. Background on HARQ procedures of EDT
Figure 2 is an illustration of EDT. In EDT, the UE starts mac-ContentionResolutionTimer after Msg3 transmission, and monitor the NPDCCH until mac-ContentionResolutionTimer expires or is stopped [9]. mac-ContentionResolutionTimer takes values from {1, 2, …, 64}pp (PDCCH period) [10].
For EDT, when the eNB successfully decodes Msg3, the eNB will forward the UL data to MME/S-GW and wait for their respones. Once the eNB receives response from MME/S-GW, the eNB sends DL RRC Msg (optionally containing DL data) to the UE. Only when the DL RRC Msg is received, the UE can go back to sleep mode.
On the other hand, upon unsuccessful decoding by eNB, the UE can expect an UL grant for Msg3 retransmission, which is conveyed by DCI format N0 (NDI not toggled).
Moreover, if mac-ContentionResolutionTimer expires and nothing is received, the UE considers this contention resolution not successful and shall flush the HARQ buffer [9].


[bookmark: _Ref4697276]Figure 2 Illustration of EDT
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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 f


or 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 re


verted.


 




3GPP TSG RAN WG1 Meeting # 9 7   R1 - 1905972   Reno, USA, May 13 - 17, 2019     Agenda Item:   6. 2.2.2   Source:   Huawei, HiSilicon   Title:   Transmission in preconfigured UL resources   Document for:   Discussion and decision     1   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:  

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]   o   Both shared resources and dedicated resources can be discussed   o   Note: This is limited to orthogonal (multi) access schem es  

In   RAN1# 96 bis   [2] , the following agreements were made   with respect to  transmission in preconfigured  UL resources .  

Agreement   In idle mode, a UE can be configured such that TA is always valid within a given cell .   -   Up to RAN2 how to implement    o   e.g. PUR Time Alignment Timer or NRSRP Threshold = infinity      Agreement    The value(s) of  NRSRP   threshold(s) is UE specific     Agreement   The UE monitors the NPDCCH for at least a time period after a PUR transmission.   -   FFS:  Details of the time period   -   FFS: UE behaviour if nothing is received in that time period.    -   FFS: If and how often UE monitors NPDCCH after a PUR allocation in which it has not transmitted     Agreement   Reuse existing field(s) of DCI format N0 to convey the  dedicated PUR ACK     Agreement   After data transmission on PUR, upon unsuccessful decoding by eNB, the UE can expect   an UL grant for  retransmission on NPDCCH. Other behaviors are FFS.     Working Assumption#1   In idle   mode, upda ting 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 f or 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 re verted.  

