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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#94bis [2], the following agreements were made with respect to transmission in preconfigured UL resources.
	 Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell NRSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes

Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement
Dedicated preconfigured UL resource is defined as an NPUSCH resource used by a single UE 
· NPUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE
· NPUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether two HARQ processes are supported
· FFS: The design of the corresponding NPDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.


In this paper, we give detailed analysis on several aspects of transmission in preconfigured UL resources.
Timing Advance (TA)
Acquisition of the initial TA
It has been agreed in RAN1#94 [3] that idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA, and validation mechanism for TA is FFS. It has also been agreed that for transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed. In RAN1#94bis [2], it has been further agreed that for transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria.
In this section, we first give some background descriptions on TA, and then analyze the validation mechanism for TA with respect to transmission in preconfigured UL resources.
Uplink Timing Advance (TA) is used to ensure that the UL signals from different UEs can arrive at the eNB simultaneously, or within the CP, 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 TA may be inaccurate (e.g. 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.
According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer. Thus, in order to enable transmission in preconfigured UL resources in idle mode, the TA value needs to be stored when a UE leaves connected mode and goes to idle mode. These are supposed to be RAN2 issues. Thus, RAN1 assumes that a UE transitioning to idle mode stores its TA value, and sends LS to RAN2 to implement this.
Observation 1: According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer.
Proposal 1: RAN1 assumes that a UE transitioning to idle mode stores its TA value.
Proposal 2: Send LS to RAN2 to enable UE storing its TA value when transitioning to idle mode.
Validation mechanism for TA
In RAN1#94bis [2], the following agreements were made with respect to TA validation mechanism.
	Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell NRSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes


In this subsection, we analyze each attribute in the agreement.
· Serving cell changes (serving cell refers the cell that the UE is camping on)
When the serving cell changes, the TA is invalid, and the UE is required to access the new cell to obtain the configuration of PUR and TA of the new cell.
· Time Alignment Timer for idle mode
For connected mode UE, 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. This can be taken as a reference on designing the validation mechanism for TA in terms of transmission in preconfigured UL resources.
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
As described in our previous paper [6], both the TA timer and the UE mobility situation need to be considered when designing the TA validation mechanism. Serving cell NRSRP change is an effective way to characterize the UE mobility situation, and has already been used in cell reselection relaxation, where the details are given in TS 36.304 [5] and copied to Annex A for reference. Generally, the UE mobility can be assumed to be low when the serving cell NRSRP change is small.
· Neighbour cell NRSRP change, TDOA of >=2 eNBs
According to the current specification [7], an NB-IoT UE shall measure the NRSRP level of the serving cell at least every DRX cycle, and neighbor cell measurements are initiated only when the serving cell measurement results do not fulfill some conditions. So in order to save power, an NB-IoT UE does not need to do neighbor cell measurements by default. 
If neighbour cell NRSRP change and TDOA of >=2 eNBs are included in the TA validation mechanism, the UE is required to do neighbour cell measurements when validating the TA, which increases UE power consumption. Since RAN1#94bis [2] has already agreed that note that UE power consumption should be taken into account for the FFS attributes, we propose neighbour cell NRSRP change and TDOA of >=2 eNBs are not included in the TA validation mechanism.
Observation 2: According to the current specification, neighbour cell measurements are initiated only when the serving cell measurement results do not fulfill some conditions, so that an NB-IoT UE does not need to do neighbour cell measurements by default.
Observation 3: If neighbour cell NRSRP change and TDOA of >=2 eNBs are included in the TA validation mechanism, the UE is required to do neighbour cell measurements when validating the TA, which increases UE power consumption.
Proposal 3: Neighbour cell NRSRP change and TDOA of >=2 eNBs are not included in the TA validation mechanism.
· TA History, Subscription based UE differentiation
The TA history might be used to estimate the UE mobility situation. For example, if the TA value does not change for a long time, the UE can be assumed in low mobility or even stationary. The “stationary indicator” is a newly introduced IE and takes values from {stationary, mobile} [8][9]. So the UE can report to the eNB whether it is stationary or mobile. In general, these two attributes can be used to estimate or identify the UE mobility situation.
Once the eNB understands the UE mobility situation, the eNB can set the TA timer to a proper value, or even set to infinity if the UE is confirmed to be stationary (e.g. through “stationary indicator”). Similarly, if the UE can confirm its extremely low mobility or stationarity (e.g. the serving cell NRSRP change is extremely small), the UE can restart the TA timer or adjust the TA timer value to infinity in case the eNB does not set it to infinity.
In summary, based on our analysis on each attribute above, we propose the TA validation mechanism as follows:
Proposal 4: When the serving cell does not change, the TA is valid if the Time Alignment Timer for idle mode does not expire and the serving cell NRSRP change is small
· The eNB can set the TA timer to infinity if the UE is confirmed to be stationary (e.g. through “stationary indicator”)
· If the UE can confirm its extremely low mobility or stationarity (e.g. the serving cell NRSRP change is extremely small), the UE can restart the TA timer or adjust the TA timer value to infinity in case the eNB does not set it to infinity
DL synchronization is used to correct the timing/frequency drift, and is assumed before transmission in preconfigured UL resources.
Proposal 5: DL synchronization is assumed before transmission in preconfigured UL resources.
Preconfigured UL resources
UL transmission schemes
Parameters related to UL transmission, such as TBS, MCS, number of repetitions, etc., need to 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 were studied in Rel-15 EDT [4], which 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. 
Observation 4: EDT mechanisms can be taken as a reference when designing the UL transmission schemes, e.g., for determining TBS, MCS, number of repetitions, etc.
UE activity detection  
In legacy RACH/EDT procedures, the UE transmits the preamble to indicate 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 decodes 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 first receive and buffer UL signals for a long time, and then does blind processing using these signals, i.e., eNB needs to do multiple hypotheses considering all the possible UE_ID (scrambling RNTI), MCS, TBS, repetition numbers, etc. In summary, since the eNB does not know whether there is transmission in the preconfigured UL resources, the complexity and power consumption of the eNB may be quite high.
Observation 6: Since the eNB does not know whether there is transmission in the preconfigured UL resources, the eNB may have to do blind processing, i.e., the eNB needs to do multiple hypotheses considering all the possible UE_ID (scrambling RNTI), MCS, TBS, repetition numbers, etc.. This may increase the eNB complexity and power consumption.
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. In general, there are two possible ways: 
· 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 6: Consider UE activity detection based on the following alternatives:
· Alt 1: DMRS-based UE activity detection
· Alt 2: Indication signal-based UE activity detection
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 the preconfigured resources and the normal NPUSCH resources. It is important to consider this issue to reduce eNB scheduling complexity.
Proposal 7: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating the preconfigured resources and the normal NPUSCH resources.
HARQ
In RAN1#94bis [2], the following agreements were made with respect to HARQ.
	Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether two HARQ processes are supported
· FFS: The design of the corresponding NPDCCH search space


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. HARQ is useful to guarantee the reliability of UL transmission in preconfigured resources. Since the UE behaviors related to transmission in PUR is similar to EDT, we propose Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space. 
Proposal 8: For transmission in PUR, Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space.
2 HARQ was introduced in Rel-14 NB-IoT to increase the peak data rate. Since transmission in PUR is mainly for small packets, it may not be necessary to provide more than a single HARQ process. Thus, the benefits of supporting 2 HARQ need to be justified.
For legacy RACH/EDT procedures, only 1 HARQ is supported. So if 2 HARQ is supported for transmission in PUR, some extra design and specification work are required. For example, we need to design how to identify the HARQ ID of the current transmission, this brings additional complexity to both the UE and the eNB.
Observation 9: For transmission in PUR, the benefits of supporting 2 HARQ need to be justified. And supporting 2 HARQ increases the complexity of both the UE and the eNB.
Fallback mechanisms
It has also been agreed in RAN1#94bis [2] 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 9: 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 indications.
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: RAN1 assumes that a UE transitioning to idle mode stores its TA value.
Proposal 2: Send LS to RAN2 to enable UE storing its TA value when transitioning to idle mode.
Proposal 3: Neighbour cell NRSRP change and TDOA of >=2 eNBs are not included in the TA validation mechanism.
Proposal 4: When the serving cell does not change, the TA is valid if the Time Alignment Timer for idle mode does not expire and the serving cell NRSRP change is small
· The eNB can set the TA timer to infinity if the UE is confirmed to be stationary (e.g. through “stationary indicator”)
· If the UE can confirm its extremely low mobility or stationarity (e.g. the serving cell NRSRP change is extremely small), the UE can restart the TA timer or adjust the TA timer value to infinity in case the eNB does not set it to infinity
Proposal 5: DL synchronization is assumed before transmission in preconfigured UL resources.
Proposal 6: Consider UE activity detection based on the following alternatives:
· Alt 1: DMRS-based UE activity detection
· Alt 2: Indication signal-based UE activity detection
Proposal 7: Consider the impact on eNB scheduling due to preconfigured UL resources, e.g., separating the preconfigured resources and the normal NPUSCH resources.
Proposal 8: For transmission in PUR, Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space.
Proposal 9: 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 indications.

Observation 1: According to the current specifications, upon leaving connected mode, the UE will release TA value and TA timer.
Observation 2: According to the current specification, neighbour cell measurements are initiated only when the serving cell measurement results do not fulfill some conditions, so that an NB-IoT UE does not need to do neighbour cell measurements by default.
Observation 3: If neighbour cell NRSRP change and TDOA of >=2 eNBs are included in the TA validation mechanism, the UE is required to do neighbour cell measurements when validating the TA, which increases UE power consumption.
Observation 4: EDT mechanisms can be taken as a reference when designing the UL transmission schemes, e.g., for determining TBS, MCS, number of repetitions, etc.
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: Since the eNB does not know whether there is transmission in the preconfigured UL resources, the eNB may have to do blind processing, i.e., the eNB needs to do multiple hypotheses considering all the possible UE_ID (scrambling RNTI), MCS, TBS, repetition numbers, etc.. This may increase the 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.
Observation 9: For transmission in PUR, the benefits of supporting 2 HARQ need to be justified. And supporting 2 HARQ increases the complexity of both the UE and the eNB.
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[bookmark: _Toc518608686]5.2.4.12	   Relaxed monitoring
[bookmark: _Toc518608687]5.2.4.12.0	Relaxed monitoring measurement rules
When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:
-	The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled, and
-	Less than 24 hours have passed since measurements for cell reselection were last performed, and
-	The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.
[bookmark: _Toc518608688]5.2.4.12.1	Relaxed monitoring criterion
The relaxed monitoring criterion is fulfilled when:
[bookmark: _GoBack]-	(SrxlevRef – Srxlev) <  SSearchDeltaP
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed monitoring criterion has not been met for TSearchDeltaP:
-	the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;
-	TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.
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