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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the Rel-16 WI on additional enhancements for NB-IoT [1] is to specify support for UL transmission in preconfigured resources.
	[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


Agreements on transmission on UL preconfigured resources in RAN1#94, RAN1#94b, RAN1#95 and RAN1#96 follow.
RAN1#94
	Agreement
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· FFS: Validation mechanism for TA
· FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 
Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.


RAN1#94b
	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.


RAN1#95
	Agreement 
In idle mode, at least the following TA validation attributes are supported:
· 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)
· Based on NRSRP measurement definition in existing Rel-15 TS36.214
Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778

Agreement
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4.

For further study:
TA validation attributes:
· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

Agreement
Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement
In idle mode, only one HARQ process is supported for dedicated PUR

Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space
· FFS: Details on the search space (for example USS, CSS)


RAN1#96
	Agreement 
When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.

Agreement
For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.
· PUR search space is the search space where UE monitors for NPDCCH
· FFS: Whether PUR search space is common or UE specific

Agreement
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported

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

Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer

Agreement
In idle mode, the PUR search space configuration includes at least the following: 
· NPDCCH repetitions and aggregation levels 
· NPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)

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


This contribution summarizes views and proposals in RAN1#96b [2] -[17].
Timing Advance (TA)
It has been agreed that Serving cell changes, Time Alignment Timer for idle mode, and Serving cell NRSRP changes are the three TA validation mechanisms to be supported in Rel-16. Further aspects of these mechanisms are discussed by some companies at this meeting and summarized in the following sub-sections. Table 1 summaries related observations and proposals.
Threshold(s) for Time Alignment Timer and NRSRP change mechanisms
Some companies discuss the value of the threshold(s). There are proposals and/or observations to discuss the threshold value in RAN2 or RAN4, along with the proposal to include the value of infinity which would indicate to the UE that the TA is always valid so that the UE avoids to do TA validation. Other proposals include two thresholds for NRSRP change mechanism, and the formulation of such thresholds. 
It is proposed to discuss whether to have a single or two thresholds for the NRSRP change mechanism, and converge that either one or two thresholds is/are supported. Then it should be agreed the inequality to be satisfied for the TA mechanism, and finally the threshold value. 
For the formulation of the TA validation criterion and number of thresholds, the following two agreements can be further discussed. 
Potential Agreement 1: For Serving cell NRSRP change mechanisms for TA validation, a single threshold is supported, and the validation mechanism is 
abs(∆NRSRP = NRSRP_meas -  NRSRP_val) < threshold

Potential Agreement 2: For Serving cell NRSRP change mechanisms for TA validation, two thresholds are supported, and the validation mechanism is 
∆NRSRP_ThNeg  < ∆NRSRP  < ∆NRSRP_ThPos
with ∆NRSRP_ThPos and ∆NRSRP_ThNeg  as given in [3].

For the above agreements, the threshold value may be decided in RAN4.

Considering proposals in this meeting and discussions in previous meeting, we can discuss the following
Potential Agreement 3: For both Time Alignment Timer for idle mode and Serving cell NRSRP change mechanisms for TA validation, the threshold value of infinity is allowed.

We may also try to agree to the following:
Potential Agreement 4: The value of a threshold is UE specific.
Regarding other considerations, e.g., when measurements are performed, when validation mechanism is checked, and others, we can further discuss if other RAN1 agreements are needed.
Table 1 Details of TA validation mechanisms
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 1: The serving cell NRSRP change attribute is satisfied if 
·  and  denote the latest serving cell NRSRP measurement results close to  the time instance when the UE performs data transmission on PUR and the time instance when the current TA is obtained by UE.
· The value of  is decided in RAN4.

Observation 1: In some use cases, such as smart metering, there might be no change or just very limited change on the TA value. The eNB can set the value of Time Alignment Timer for idle mode and NRSRP change threshold to infinity to ensure the TA is always valid.
Proposal 2: The value of infinity is supported for both the Time Alignment Timer for idle mode and NRSRP change threshold.
· When the value is set to infinity, the UE can skip checking the corresponding TA validation criterion.

	Ericsson
	Observation 1	The TA validation mechanisms seem to be completed from a RAN1 perspective, the ultimate details will be worked out in RAN2 and RAN4.
Observation 3	The TA validity test should be performed as close as possible to the upcoming PUR transmission opportunity, this way if TA validation were successful, the TA most likely will remain valid and the UL transmission won’t cause any interference to other UEs.

Proposal 2	When the UE has data to be sent, it shall perform a TA validation [1]ms (i.e., [1] subframe) before the upcoming PUR transmission opportunity. The value enclosed in brackets to be confirmed by RAN4.

Proposal 3	When the UE has no data to be sent, no TA testing is performed until the UE has data to be sent.

	ZTE
	Observation 1: NRSRP change is not linear with the change of  distance from eNB and is affected by various factors .
Observation 2: PUR UE’s location at the time when TA was evaluated cannot be accurately estimated by eNB even with positioning enabled in certain scenario.
Observation 3: UE specific ∆RSRP validation threshold cannot be accurately configured by eNB.
Proposal 1: For “Serving cell NRSRP changes” based TA validation mechanism, ∆NRSRP is defined as
                   ∆NRSRP = (latest NRSRP measurement) -  (NRSRP measurement when TA was evaluated last time)
Proposal 2: For evaluation of NRSRP for TA validation,
If abs(∆NRSRP)<=R1, (R1 is eNB configured RRC parameter), TA is valid for this NRSRP measurement
Observation 4: For PUR transmission in RRC_IDLE mode, at least N(N>=0) NRSRP measurement intervals are existed before next PUR transmission when the TA was evaluated.
Observation 5: If the ∆NRSRP is not out of the value range in any of the N NRSRP measurement intervals, it proves that the UE is always close to the UE’s initial location. Therefore, there exists a very high possibility that the TA is valid for the next PUR transmission.
Proposal 3: For “Serving cell NRSRP changes” based TA validation mechanism, the number of ∆NRSRP calculation result per PUR period, M, can be configured by eNB.
· When M>1, if at least one ∆NRSRP calculation result satisfies abs(∆NRSRP)>R1 , (R1 is eNB configured RRC parameter), TA is invalid.
Proposal 4: For TA Timer based TA validation mechanism, validation instant   is at least X ms before next PUR transmission. X is eNB configured RRC parameter.

	Sierra Wireless, S.A.
	Proposal 1:  	In idle mode, a UE can be configured such that TA is always valid within a given cell.
•	FFS: up to RAN2 how to implement e.g. PUR Time Alignment Timer = infinity

Observation 1:	 The change in NRSRP is highly dependent on the distance from the eNB
Proposal 2:  	The ∆NRSRP_Threshold(s) should be UE specific.
Observation 2:	The ∆NRSRP depends on whether the UE is moving towards or away from the eNB.
Proposal 3:  	The TA is considered invalid if the following condition is not met (i.e. is FALSE)
∆NRSRP_ThNeg  < ∆NRSRP  < ∆NRSRP_ThPos
•	Where ∆NRSRP = (NRSRP when TA was given) – (NRSRP when the TA is evaluated)
Observation 3:	Path loss equations can be written in the general form “k log10(di) + X”
Observation 4:	NRSRP Thresholds can be calculated as 
•	∆NRSRP_ThPos = k (log10(di+ MaxAllowed∆d)- log10(di))
•	∆NRSRP_ThNeg = k (log10(di- MaxAllowed∆d)- log10(di))
Proposal 4:  	The “∆NRSRP_ThPos” and “∆NRSRP_ThNeg” parameters shall be 
•	Signaled to the UE when the TA is updated, or
•	Calculated based on an equation where the parameters of the equation are signaled, or 
•	Calculated based on a table where the table entries are signaled to the UE.

	MediaTek Inc.
	Observation 1: The UE assumes the most recent TA command received in serving cell before going to idle or TA last used for early transmission in PUR is valid if UE differentiation information in stored UE context indicated by eNB in S1-AP UE Context Suspend Request indicates the UE is stationary. 
Proposal 1: Subscription based UE differentiation (or Stationary indication in held in subscription) for TA validation in PUR is supported.

	Sequans Communications
	Observation 1: For some NB-IoT applications, the UE makes at most small changes in location between PUR transmissions, which translates to minimal changes to TA.



Acquiring a valid TA
Companies provided views on the FFS of the RAN1#96 agreement below, as summarized in Table 2. 
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

Table 2 Acquiring a valid TA
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 3: 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 4: A contention-free PRACH preamble is configured in the PUR configuration to the UE for TA update purpose.

	Ericsson
	Observation 2	When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. Since this will result in an overhead would be comparable with EDT, then a fall-back to legacy RACH or EDT is preferred over the FFS.
Proposal 1	When the TA validation mechanisms are tested and not passed, the fall-back to legacy RACH or EDT agreed in RAN1 #96 is preferred over the FFSs.

	LG Electronics
	Proposal 1: A UE in RRC_IDLE state can update its TA for D-PUR transmission, and the TA information can be obtained via
· MAC CE in NPDSCH scheduled by NPDCCH in PUR search space
· MAC RAR, if PDCCH-ordered NPRACH transmission is triggered by NPDCCH in PUR search space
Proposal 2: For the case where UE updates it’s TA for D-PUR transmission, support early termination of RACH procedure obtaining only a valid TA without transitioning to RRC_CONNECTED state.

	ZTE
	Observation 6: Legacy RACH is not a preferred method for obtaining valid TA for PUR UE in RRC_IDLE mode when the TA is invalid.
Observation 7: When the PUR UE has data to send, dedicated PUR resource is preferred than EDT since the dedicated PUR resource is non-contention based.
Observation 8: If UL data is transmitted in EDT Msg3,the next PUR resources will be wasted.
[bookmark: OLE_LINK38]Proposal 5: When the TA is validated and found to be invalid and the UE has data to send, a simplified legacy contention based random access procedure can be used for only obtaining TA.
Proposal 6: Non-contention based preamble can be configured in PUR configuration.
Observation 9: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated to valid.
Observation 10: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
Observation 11: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 12: If preamble is transmitted in dedicated PUR resources, when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with the preambles transmitted in NPRACH.
Proposal 7: Preamble can be transmitted on the PUR resource when TA is invalid.

	MediaTek
	Observation 2: Updating the TA even if idle UE has no data will require more frequent serving cell measurements and RACH preamble transmissions, which is inefficient and increase UE power consumption.
Proposal 2: Idle UE acquires TA by initiating legacy EDT procedure or legacy RACH procedure when it has data to transmit and TA is found to be invalid.

	III
	Proposal 1: TA update is supported to be transmitted to the UE in response to a preconfigured UL transmission.
Proposal 2: Dedicated NPRACH resource can be configured with the preconfigured UL resource for TA update purpose only.
Proposal 3: If dedicated NPRACH resource is configured, UE attempts to update the TA by NPRACH preamble transmission before releasing the preconfigured UL resource.



Table 3 Summary of views on reacquiring a valid TA
	Source
	Support that only TA is acquired and then data are sent on PUR
	How to acquire the TA

	
	
	UE uses contention-free PRACH preamble to update TA
	Procedure simpler than legacy RACH procedure to update TA
	PDCCH order triggered CFRA for TA update

	Huawei, HiSilicon
	Yes
	Yes
	/
	/

	Ericsson
	No
	/
	/
	/

	LG Electronics
	Yes
	/
	Yes
	/

	ZTE
	Yes
	Yes
	Yes
	Yes

	MediaTek
	No
	/
	/
	/

	III
	Yes
	Yes
	/
	/



Table 3 is a summary of companies’ positions. Based on the expressed views, more companies prefer that if the TA is found invalid, the UE validates the TA and sends data using PURs. Based on this, the first FFS could be resolved with an agreement “whether only TA is acquired and then data sent on PUR is supported”. 
In case this is agreed, then the procedure to acquire the TA can be discussed. It is suggested to further discuss in the online session.

On serving cell change attribute
One company discusses the interpretation of agreements from two meetings regarding the serving cell change attribute. 
	Agreement in RAN1#96
In idle mode, at least the following TA validation attributes are supported:
· 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)
· Based on NRSRP measurement definition in existing Rel-15 TS36.214
Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS. The LS is endorsed in R1-1813778

Agreement in RAN1#95
The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell NRSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes
Include in LS to RAN2, RAN4.


Time Alignment Timer for idle mode and Serving cell NRSRP change attributes can be configured to the UE according to the agreements in RAN1#95. 
In RAN#96 it was agreed that the serving cell change is also supported as an attribute for TA validation. However, this attribute does not need to be explicitly configured for TA validation because IDLE mode UE will always do the RRM measurement of serving cell, and the serving cell changes/cell reselection will happen independently of whether PUR is configured for the UE. Therefore, it seems not needed to agree to the serving cell change attribute for TA validation because there will be no configuration to be made.
In RAN1#96, the agreement below was made with respect to the serving cell change attribute. The sub-bullet seems not fully aligned with the agreements in RAN1#95 in which there is no agreement on configuration of the serving cell change attribute. Therefore, it would be good to further clarify whether an explicit configuration is needed for serving cell change attribute of TA validation.
	Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute



It is proposed to further discuss the meaning of the serving cell change attribute so that all companies have the same understanding.
Agreement from RAN1#96
In RAN1#96, the following agreement was made in the MTC session.
Agreement
In idle mode, a UE can be configured such that TA is always valid within a given cell.
· FFS: up to RAN2 how to implement e.g. PUR Time Alignment Timer = infinity

HARQ
Various aspects of HARQ process are discussed in this meeting.
HARQ procedure 
Table 4 HARQ procedure
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 6: 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.

	Intel Corporation
	Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.

	Lenovo, Motorola Mobility
	Proposal 1: For uplink transmission based dedicated PUR, only single TB and single HARQ process are supported in Rel.16.

	Sierra Wireless, S.A.
	Proposal 6:  	The PUR search space configuration includes at least the following: 
•	Duration of search space

	Sequans Communications
	Observation 2: Using two DCIs, one for HARQ response and another for TA update allows for infinite D-PUR with network control, flexibility, more use cases for the UEs, and less complexity from the UE’s perspective.
Observation 3: Using NDI field to flag the UE if to use the 2nd SS in idle mode D-PUR could save power for the UE.
Proposal 2:	After dedicated PUR instance a UE can expect 2 DCIs. One for HARQ feedback, another for MAC-TA update message scheduling.
Proposal 3:	The NW use the NDI field as a flag to notify the UE whether there will be another DCI transmission for MAC-TA update message scheduling.

	III
	Proposal 5: UE only needs to monitor HARQ-ACK after actual transmission on preconfigured UL resource.



Form the expressed views, it seems that companies agree that the UE has to monitor the PUR search space for a certain time period after a PUR transmission. For the length of the time period and subsequent UE behaviour we can further discuss. We can consider the following:
Potential Agreement 5: The UE monitors the NPDCCH for a time period after a PUR transmission.
FFS_1: Details of the time period (e.g., timer, configuration, etc.)
FFS_2: UE behaviour if nothing is received in that time period. 
· UE remains in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· UE considers the data transmission on PUR not successful and shall flush the HARQ buffer
FFS_2 is related to Sec.3.4 on unsuccessful PUR transmission. It is then suggested to discuss that Section first.
Indication of ACK feedback 
Table 5 Proposals
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 7: Reuse existing field of DCI format N0 and N1 to convey the dedicated PUR ACK.
Proposal 8: RAN1 needs to specify the UE behavior upon receiving a dedicated PUR ACK.
Observation 2: 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 9: 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.

	Qualcomm Incorporated
	Proposal 8: RAN1’s decision on if, when and how to support a combined NPDCCH and PDSCH-based response message to PUR transmissions is contingent on RAN2’s decision on use-cases and necessity of higher layer L2/L3 response to PUR.  

	Nokia, Nokia Shanghai Bell
	Proposal 6: The ACK DCI includes bits to indicate 
• If this is an ACK or HARQ DCI
• Timing advance adjustment
• UE Tx power adjustment
• NPUSCH repetition adjustment
• Higher layer control bit(s) to either deactivate PUR config. and/or force RRC connection
Proposal 7: The N0 format DCI is used as the basis for the Dedicated PUR ACK/HARQ DCIs
Proposal 8: For the Dedicated PUR ACK DCI, unused fields are set to a predefined value.
Observation 1: The PUR ACK DCI could also be used to allow the network to update the configuration, .e.g. frequency location, of subsequent PUR transmissions.

	ZTE
	Proposal 15: Existing field(s) in DCI format N0 with predefined value(s) can be used for the indication of ACK feedback.
Observation 15: TA can be evaluated by eNB based on the successfully decoded UL data in PUR.
Proposal 16: Timing advance adjustment can be sent in the DCI in which ACK is carried. 

	Sierra Wireless, S.A.
	Proposal 8:  	The NDI field in format N0 can be used to indicate if the DCI is a PUR ACK or an UL Grant
Observation 5:	Up to 21 bits in the PUR ACK could be re-purposed for PUR re-configuration
Observation 7:	 RAN1 should choose the most commonly updated parameters to update via L1 PUR ACK.
Proposal 9:  	The PUR ACK should at least contain the following fields:
•	Timing advance adjustment – 2 bits. FFS: amount of adjustment per bit
•	UE TX power adjustment – 2 bits
•	NPUSCH Repetition adjustment – 2 bits

	MediaTek Inc.
	Observation 5:  In case DCI is transmitted to indicate UL HARQ ACK, up to up to 20 bits can be re-interpreted in DCI Format N0.
Observation 6: TA adjustment with 6 bits and transmit power adjustment with 2 bits can be indicated by re-interpreting resource allocation fields and NDI fields in DCI format N0 when it indicates UL ACK.
Observation 7: Changing repetition level for early transmission in dedicated PUR may lead to more failed PUR transmissions or inefficient PUR configuration.     

	Samsung
	Proposal #9: TA can be updated within a small range in DCI during HARQ procedure.

	Sequans Communications
	Proposal 1:	For D-PUR UL grant / ACK reuse existing DCI.



Table 6 Summary of views 
	
	How to convey the dedicated PUR ACK?
	What other information shall be included in the dedicated PUR ACK DCI?

	Source
	Reuse existing field of DCI format N0
	Reuse existing field of DCI format N1
	TA adjustment
	UE TX power adjustment
	NPUSCH Repetition adjustment

	Huawei, HiSilicon
	Yes
	Yes
	/
	/
	/

	Nokia, Nokia Shanghai Bell
	Yes
	/
	Yes
	Yes
	Yes

	ZTE
	Yes
	/
	Yes
	/
	/

	Sierra Wireless, S.A.
	Yes
	/
	Yes
	Yes
	Yes

	MediaTek Inc.
	Yes
	/
	Yes
	Yes
	/

	Samsung
	/
	/
	Yes
	/
	/

	Sequans Communications
	Yes
	/
	/
	/
	/



Regarding how to convey the dedicated PUR ACK, the majority view is to reuse the existing field of DCI format N0. It can be considered the following agreement, and the FFS parts can be further discussed in the attempt to resolve them at this meeting.
Potential Agreement 6: Reuse existing field of DCI format N0 to convey the dedicated PUR ACK. 

Discuss further whether other information listed below are conveyed in the dedicated PUR ACK DCI or in higher layer signaling
· TA adjustment
· UE TX power adjustment
· NPUSCH Repetition adjustment
· Others

It is noted that the proposals and observations for power control are summarized in Sec.6, Table 14.
Successful PUR transmission
Regarding the UE behaviour upon receiving a dedicated ACK, one view is that RAN1 should specify the UE behaviour upon receiving a dedicated PUR ACK, another view is that RAN1 should wait for RAN2 decision on whether higher layer message is needed. It is suggested to discuss during the online session, however it needs to be taken into account that the introduction of a higher layer ACK will impact RAN1 discussions, so it seems appropriate to wait for RAN2 decisions. 
Unsuccessful PUR transmission
Table 7 Proposals 
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 10: 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.

	Ericsson
	Observation 12	In some contributions submitted to RAN1#96 it was mentioned that retransmission would be performed on the most immediate uplink resources reserved for that UE (i.e., the upcoming PUR period). 
•	However, this would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen. Hence, it should be clarified that dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
Proposal 6	Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.

	LG Electronics
	Proposal 3: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, in addition to an UL GRANT for retransmission on the NPDCCH, the UE can expect a NACK, or no explicit ACK (Both NACK and no explicit ACK are supported.)
· When UE receives a NACK, the UE starts a fallback procedure (e.g., MO-EDT or RACH procedure)
· When UE receives no explicit ACK, UE either waits for the next D-PUR for UL retransmission or releases the D-PUR (UE implementation, maybe not to be specified)
· FFS signaling details of NACK (e.g., 1-bit signaling or a state in a DCI)
Proposal 4: Multiple HARQ processes are not supported for PUR in Rel-16 NB-IoT.

	Intel Corporation
	Proposal 4:
· If the UE does not detect a valid NPDCCH for a configured time duration after PUR transmission, it may continue to remain in RRC_IDLE mode with further attempts for UL data retransmission within the same PUR.
· Explicit NACK signalling is not supported for PUR.

	ZTE
	Proposal 17: If NACK is received on NPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
Observation 16: For a skipped PUR, eNB do not need to send any feedback to the UE.
Proposal 18: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the NPDCCH, or  
· a NACK, or
· no explicit ACK 

	Lenovo, Motorola Mobility
	Proposal 2: After transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI expecting an explicit ACK upon successful decoding by eNB or an explicit NACK/an UL retransmission GRANT upon unsuccessful decoding by eNB.

	NTT DOCOMO, INC.
	Proposal 2:  	For dedicated PUR in idle mode, upon unsuccessful decoding of a PUR transmission by the eNB, the UE can expect
· an UL GRANT for retransmission on the NPDCCH, or  
· Nothing
Note: If NW configuration to enable/disable optional UL transmission is supported, for case of no optional transmission is FFS



Table 8 Summary of views
	Source
	After data transmission on PUR, upon unsuccessful decoding by eNB, what the UE can expect?

	
	an UL grant for retransmission (like unicast)
	an UL grant for retransmission on the next PUR occasion
	an explicit NACK
	nothing

	Huawei, HiSilicon
	Yes
	Yes
	/
	/

	Ericsson
	Yes
	No
	/
	/

	LG Electronics
	Yes
	/
	Yes
	Yes

	Intel Corporation
	/
	/
	No
	Yes

	ZTE
	Yes
	/
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	/
	Yes
	/

	NTT DOCOMO, INC.
	Yes
	/
	/
	Yes



Based on the expressed views, it seems that it may be considered to agree to the following
Potential Agreement 7: 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.

A related topic is PUR reconfiguration. Table 9 summarizies proposals/obervations.
Table 9 Summary of proposals
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 17: The repetition adjustment for NPUSCH may be updated after a PUR transmission.

	Ericsson
	Observation 4	Using “L1 only for performing configuration updates” brings battery savings, but may severely impact the DCI design/size, and compromise the security/integrity-protection of the UL transmission.
Observation 5	Using “L2/L3 only for performing configuration updates” incorporates security/integrity-protection, there is no need for an UL grant (no DCI impacts), and the RRC message used for the initial PUR configuration may be re-used. 
•	However, at least two more physical channels would be present with respect to a L1 only solution, and the RAN1 agreement on the L1 ACK would have to reconsidered as the L2/L3 ACK would be used instead to provide a secure communication.
Observation 6	By using L1 and L2/L3 (Hybrid solution) it might be possible transmitting L1 only, unless a PUR re-configuration be required in which case L2/L3 would be used for performing configuration updates. 
•	The disadvantage with this scheme is that it will still require modifications on the DCI associated to the UL Grant, the L1-ACK becomes redundant when the L2/L3 signaling is present, whereas the security and reliability provided by L2/L3 signaling wouldn’t be present all the time.
Observation 7	The results in [4] showed an insignificant overall gain of around 3% to 4% of the “L1 only” solution over a “L2/L3 only” solution. 
Observation 8	The reason of the observed low gains in [4] is because the total transmission time of an ACK response on either a “L1 only”, or “L2/L3 only” (or “Hybrid L1 & L2/L3”) results to be significantly much less than the total transmission time of the actual UL transmission (i.e., user data).
Observation 9	In a PUR transmission, the battery consumption is governed by the PUSCH transmission regardless of the solution used for the ACK response (i.e., L1 only, L2/L3 only, or Hybrid solution). Therefore, in that case is better to support a “L2/L3 only” solution since it will provide a robust security and integrity protection to the PUR transmissions.
Proposal 4	Only a “L2/L3 only ACK” is supported for configuration updates in response to a PUR Tx.
•	The RRC message in the initial PUR configuration is re-used for PUR (re-)configuration updates.

	Nokia, Nokia Shanghai Bell
	Proposal 6:	 The ACK DCI includes bits to indicate:
· If this is an ACK or HARQ DCI
· Timing advance adjustment
· UE Tx power adjustment
· NPUSCH repetition adjustment
· Higher layer control bit(s) to either deactivate PUR config. and/or force RRC connection

	ZTE
	Proposal 19: In RRC_IDLE mode, repetition adjustment for NPUSCH can be updated after a PUR transmission.

	Sierra Wireless, S.A.
	Observation 6:	L1 signalling for re-configuration uses fewer network resources and less UE power than higher layer signalling
Observation 7:	 RAN1 should choose the most commonly updated parameters to update via L1 PUR ACK.
Proposal 9:  	The PUR ACK should at least contain the following fields:
•	Timing advance adjustment – 2 bits. FFS: amount of adjustment per bit
•	UE TX power adjustment – 2 bits
•	NPUSCH Repetition adjustment – 2 bits

	ASUSTEK COMPUTER (SHANGHAI)
	Proposal 1: Number of repetitions for D-PUR transmission can be adjusted in idle mode.



The preferred approach seems to be the reconfiguration with physical layer signaling, and several companies mention NPUSCH repetition adjustment. The following agreements can be considered for further discussion:
Potential Agreement 8: The number of repetitions for NPUSCH in dedicated PUR transmission is included in the ACK DCI.
PUR search space
Table 10 PUR search space
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 11: PUR search space is UE specific.

	Ericsson
	Observation 10	There have been initial discussions on whether the search space for dedicated PUR should be common (i.e., CSS) or user-specific (i.e., USS).
•	The decision seems to be highly dependent on the RNTI type, it is therefore recommended to wait for RAN2 to determine the RNTI type, and whether the RNTI is to be used in both idle and connected mode.
Observation 11	It is important to be aware that: 1) in idle-mode today only CSSs are available and 2) LTE-M devices in idle mode never need to monitor more than a single search space at a time.
Proposal 5	Wait for RAN2 to determine the RNTI type, before deciding whether CSS or USS is to be used by PUR.

	Qualcomm Incorporated
	Proposal 7: The PUR search space configuration shall contain at least one UE-specific RNTI for D-PUR and CFS-PUR.
- FFS, whether more than one RNTIs can be configured for transmitting common information to a group of UEs.

	LG Electronics
	Proposal 5: For dedicated PUR in idle mode, the RNTI used for PUR search space monitoring is UE-specifically configured and the PUR search space is UE-specific.
Proposal 6: For D-PUR, discuss at least the following cases regarding PUR search space monitoring
· Whether or not to monitor NPDCCH in PUR search spaces before PUR transmission
· Whether or not to monitor NPDCCH in PUR search spaces if the UE skips PUR transmission
· Which PUR search space to monitor when the PUR search space partially or fully overlaps in time domain with other search spaces (e.g., Type1-CSS)

	Intel Corporation
	Proposal 3:
· For search space which IDLE mode UE monitors after transmission in PUR, down select between the following options:
· USS
· UE keeps C-RNTI obtained in CONNECTED mode.
· Type-2 CSS
· UE derives RNTI based on time-frequency location of the PUR and cyclic shift of orthogonal DMRS.
· Alternatively in both options, consider introducing RNTI in a PUR configuration to address HARQ feedback.

	Nokia, Nokia Shanghai Bell
	Proposal 1: 	The initial RRC connection used to configure the PUR configuration, is also used to configure the PUR search space used for the ACK and HARQ.
Proposal 2: 	 The same PUR search space is used for ACK and HARQ.
Proposal 3:	 The same sized DCI, scrambled using the same RNTI, is used for both ACK and HARQ.
Proposal 4:	 UEs using a dedicated PUR search space, monitor for DCIs scrambled by the C_RNTI
Proposal 5:	 The number of C-RNTIs supported in one search space is an implementation choice.

	ZTE
	Observation 13: The period of  legacy Type-2 CSS can not match PUR transmission period very well since the legacy Type-2 CSS is only used for NPDCCH during random access.
Observation 14: If legacy Type-2 CSS is used as PUR search space,  the Type-2 CSS NPDCCH repetition number  of a certain coverage enhancement level is redundant for the UE under good wireless channel situation in that coverage enhancement level.
Proposal 8: PUR USS is supported for dedicated PUR.
Proposal 9: When eNB finds the UE’s TA is invalid, PDCCH order can be sent in PUR USS for triggering non-contention based random access in order to obtain TA.

	Lenovo, Motorola Mobility
	Proposal 2: After transmission based PUR, UE start to monitor the (N)PDCCH with the dedicate RNTI expecting an explicit ACK upon successful decoding by eNB or an explicit NACK/an UL retransmission GRANT upon unsuccessful decoding by eNB.
Proposal 4: Considering the scheduling flexibility and HARQ feedback delay, it is preferable to specify new UE-specific search space for UE to monitor after uplink transmission based on dedicated PUR.

	Sierra Wireless, S.A.
	Proposal 5:  	The UE can assume the RNTI for the PUR search space is not shared with other UEs
•	Note: it is up to RAN2 to decide how the RNTI is signaled to UE
Proposal 6:  	The PUR search space configuration includes at least the following:
•	Duration of search space
Proposal 10: The starting position of PUR USS is based on the position of PUR resources in time domain.
Proposal 11: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window (PTW), the UE does not need to monitor paging message in the PTW.

	MediaTek Inc.
	Observation 4: The DCI overhead for indication of PUR re-transmission via DCI on Type 2 search space should not be increased compare to EDT, assuming DCI to schedule re-transmission in PUR is not significantly higher than DCI to schedule RAR.
Proposal 7: Re-use Search Space Type 2 DCI indication of UL grant for HARQ re-transmission in PUR.

	NTT DOCOMO, INC.
	Proposal 3: Configuration of PUR search space should be included in PUR configuration
· Specific search space (e.g. Type1 CSS, Type2 CSS, USS, or their combination) should be further studied

	III
	Proposal 4: CSS can be configured for rescheduling DCI.



Table 11 Summary of views
	
	PUR search space
	RNTI

	Source
	UE-specific
	Cell-specific
	Dedicated
	Shared

	Huawei, HiSilicon
	Yes
	No
	/
	/

	Ericsson
	Wait for RAN2
	Wait for RAN2
	/
	/

	Qualcomm Incorporated
	/
	/
	Yes
	FFS

	LG Electronics
	Yes
	No
	Yes
	No

	Intel Corporation
	FFS
	FFS
	FFS
	FFS

	Nokia, Nokia Shanghai Bell
	Yes
	No
	Yes
	No

	ZTE
	Yes
	No
	/
	/

	Lenovo, Motorola Mobility
	Yes
	No
	Yes
	No

	Sierra Wireless, S.A.
	/
	/
	Yes
	No

	MediaTek Inc.
	No
	Yes 
	/
	/

	NTT DOCOMO, INC.
	FFS
	FFS
	/
	/

	III
	No
	Yes
	/
	/


	
The majority view is to have a UE-specific PUR search space, and a dedicated RNTI. Although there is no consensus yet, it is suggested to consider the following two agreements: 
Potential Agreement 9: The dedicated PUR search space is UE specific.
Potential Agreement 10: The PUR search space configuration shall contain at least one UE-specific RNTI for dedicated PUR transmission.

Resource release
Table 12 Summary of proposals
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 12: Do not support mechanism to disable skipping by eNB.
Proposal 13: Support both UE triggered and eNB triggered resource release mechanism.
Observation 3: Since NB-IoT UEs may be in poor coverage, the eNB cannot distinguish between “UE skips UL transmission” and “UE transmits on PUR but the eNB failed to detect it”.
Proposal 14: RAN1 needs to consider how to support eNB triggered resource release when a UE skips UL transmissions.
Proposal 15: The UE shall monitor the NPDCCH search spaces periodically so that the eNB can send PUR release indications in these NPDCCH search spaces. If no indication is received in these NPDCCH search spaces, the UE may assume the PUR is still available.

	ZTE
	Proposal 12: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.
Proposal 13: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.
Proposal 14: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.

	Lenovo, Motorola Mobility
	Proposal 7: PUR resource is released by 1) transmission until to the preconfigured number; 2) consecutive multiple missed transmissions.
Proposal 8: eNB may trigger re-configuration/release of PUR configured to a UE by dedicated RRC and UE request PUR resource release via RACH/EDT procedure or on-going transmission based on PUR should be studied further.

	MediaTek Inc.
	Observation 3: Release of dedicated PUR release by moving idle UE to connected mode and UE-specific RRC signalling is un-efficient and increases UE power consumption.
Proposal 4: The network indicate release of dedicated PUR resource for all UEs in the cell via SIB1 indication.
Proposal 5: The network indicate UE-specific release of dedicated PUR resources via SIB2 indication with the following RRC parameters:
· dpur-BarringFactor: value is in range {0, 1, .., ND-PUR }, where ND-PUR is a random number generated by the UE. 
· dpur-BarringTime: value is in range {s4, s8, s16, s32, s64, s128, s256}
Proposal 6: UE test if the random generated ND-PUR is lower than the eNB configured dpur-BarringFactor. 
· Step 3: If ND-PUR < dpur-BarringFactor, the UE skips transmission in dedicated PUR for a dpur-BarringTime time. 
· Step 4: If ND-PUR >= dpur-BarringFactor, the UE can early transmit in dedicated PUR for a dpur-BarringTime time.

	Samsung
	Proposal #7: Maximum number of continuous UL skipping should be specified.
Proposal #8: Preconfigured UL resources can be activated/deactivated in system information. 

	Sequans Communications
	Observation 4: Skipping PUR transmission is resource inefficient.
Observation 5: Serving cell is unaware of UE moving out of the cell coverage until after the UE connects to another cell in the network.
Observation 6: Assuming a UE will have ‘n’ PUR skips allowed by the network, a UE may wish to reserve some of its ‘n’ skips.
Proposal 4:	Study the use of small highly detectable signaling to notify the serving cell on unused PUR.
Proposal 5:	Study at which conditions it is most beneficial to use PURPLE.
Observation 7: PURPLE may be used to terminate transmission with better efficiency than RRC message.

	NTT DOCOMO, INC.
	Proposal 4: NW configuration on optional UL transmission for dedicated PUR should be supported
Proposal 5: Release command for dedicated PUR by both eNB and UE should be supported

	III
	Proposal 6: UE releases the preconfigured UL resource when no ACK has been received after m consecutive occasions of preconfigured UL resource.



Regarding the resource release mechanism, some companies propose that it should be supported both eNB and UE triggered resource release. It can be considered to agree to the following, and discuss further details 
Potential Agreement 11: For dedicated PUR, release mechanisms triggered by either eNB or UE are supported.

Fallback to RACH/EDT
Table 13 Summary of proposals
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 16: 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.

	Qualcomm Incorporated
	Proposal 9: Study mechanisms and procedures for retransmissions and fallback to PRACH/EDT, the determination of which may depend upon an eNB response message to PUR.
Proposal 10: In case of eNB response initiated fallback to PRACH/EDT, consider skipping the initial steps (for example, skipping transmitting a legacy PRACH preamble) of the fallback mode whenever possible.

	Lenovo, Motorola Mobility
	Proposal 5: Fallback to RACH/EDT can be triggered by eNB or UE for different cases.

	Samsung
	Proposal #10: Further discuss the use cases of fallback mechanism, and using DCI to indicate fallback to EDT/RACH procedure can be considered for fallback triggered by eNB. 



Based on companies’ views, consider the following agreement, 
Potential Agreement 12: Study mechanisms for fallback to PRACH/EDT triggered by eNB. 

Power control
Table 14 Summary of proposals
	Source
	Related Proposals & Observations

	Ericsson
	Proposal 7	A target UL power level is signalled to the UE as part of the PUR configuration.

	LG Electronics
	Proposal 7: Support UL transmission power control scheme for D-PUR initial transmission and retransmission. 
· The following options are proposed for further consideration
· Opt.1 n-bit (n>=1) signaling or n (n>=1) states in UL grant DCI for power control command
· Opt.2 UE autonomous power control without explicit signaling of power control command (e.g., UL transmission power ramp-up if there is no explicit ACK after a D-PUR transmission) 
· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case where the D-PUR period is large.
· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  

	ZTE
	
Observation 17: UE TX power adjustment is used to adjust .

	Sierra Wireless, S.A.
	Proposal 7:  	The power control parameters within the PUR configuration, shall at least include:
•	UL power for the PUR transmission



It is suggested to discuss UL power control during the online session.

PUR transmission
In RAN1#94bis 3 types of resources were defined and it was agreed to support dedicated PUR transmission. For the other two types of resources, i.e. CFS PUR and CBS PUR, companies’ views on the support of these resources are summarized in Table 15, and related proposals and observations are summarized in16. 
[bookmark: _Ref1654475]Table 15 Summary of companies’ views on PUR types
	Source
	Support CFS PUR?
	Support CBS PUR?

	Ericsson
	No for some cases

(Proposal 8 CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for a coverage region around 0dB associated to a limited number of repeats (e.g., 32))
	/

	Qualcomm
	Yes
	/

	Sierra Wireless
	/
	No

	Intel
	Yes
	/

	Samsung
	Have some concern 
	No

	Lenovo
	Yes
	No

	Docomo
	FFS
	FFS

	Fraunhofer IIS, Fraunhofer HHI
	/
	Yes



[bookmark: _Ref1654481]Table 16 Related Proposals & Observations
	Source
	Related Proposals & Observations

	Ericsson
	Observation 13	For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
•	CDMA
o	Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
o	Deal with the near-far problem in idle-mode.
o	The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
•	MU-MIMO
o	Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
o	Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
o	MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.

Observation 14	Following the same logic of [6], the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. We evaluated a setup that can equally well be applicable for NB-IoT aiming at knowing the performance of MU-MIMO over an entire PRB as compared to a non-interfered multi-tone allocation
Observation 15	For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, even in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved (a “noise floor” is obtained).
Observation 16	The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ~0.4 dB better than the recoverable UE that was interfered by another when INR = -10dB.
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ~2.8 dB better than the recoverable UE that was interfered by another when INR = 0dB.
•	At 10% BLER, 1 UE transmitting on 6 subcarriers is ~4.6 dB better than the recoverable UE that was interfered by another when INR = 3dB.
•	When the interference level is as strong as the signal of the other UE (INR = SNR), then there is an error floor (i.e., a 10% BLER performance can’t be achieved). The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

Observation 17	Based on the simulations performed, it can be concluded that “CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0dB with a limited number of repeats.
Proposal 8	CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for a coverage region around 0dB associated to a limited number of repeats (e.g., 32)

Observation 18	For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.

	Qualcomm Incorporated
	Observation 1: At a minimum, assigning a UE-specific RNTI in conjunction with a UE-specific DMRS for PUR transmission can support CFS-PUR. This is a small specification effort w.r.t D-PUR. 
[bookmark: _Hlk4752520][bookmark: _Hlk528938531]Proposal 1: Support RRC-configured resources for CFS PUR, where, in a given resource, multiple UEs may transmit data, employing UE-specific DMRS sequences and UE-specific RNTI(s). FFS: further optimizations for CFS-PUR.
Proposal 2: Study the impact of traffic conditions, operating SNRs and coverage levels on how many UEs can be simultaneously served in a given CFS PUR resource; also study how many unique DMRS sequences can be accommodated per resource.
Proposal 3: Consider broadcast resources for CBS PUR where the UEs select a DMRS sequence from a pool of pre-configured sequences.
Proposal 4: Consider DMRS resource and sequence designs for CBS PUR that reduces the probability of inter-UE DMRS collision to within acceptable limits.
Proposal 5: Consider PUR designs to address both fixed and bursty traffic patterns.
[bookmark: _Hlk528934120][bookmark: _Hlk528884717]Observation 2: CFS PUR allows for efficient resource usage (with respect to dedicated PUR) with negligible loss in UE performance. 
[bookmark: _Hlk528937031]Observation 3: For a desired UE performance level, significant resource overhead reductions can be obtained by using CFS PUR vis-à-vis dedicated PUR.
Proposal 6: Support CFS PUR for uplink data transmission in preconfigured resources.

	Intel Corporation
	Proposal 1:
· CFS PUR is supported.
Proposal 2:
· Support orthogonal DMRS for UL MIMO in scenarios with full PRB transmission.

	Lenovo, Motorola Mobility
	Proposal 9: CFS PUR using MU-MIMO with UE specific DMRS pattern can be supported without any specification work.
Proposal 10: CBS PUR is not supported in Rel.16 NBIoT.

	Sierra Wireless, S.A.
	Proposal 10:  	CBS PUR is not specified in Rel 16.

	Samsung
	Proposal #2: CFS PUR using MU-MIMO needn’t be specified with explicit specification change.
Proposal #3: CFS PUR using CDM/OCC is not considered.
Proposal #4: CBS PUR is not supported.

	NTT DOCOMO, INC.
	Proposal 1: For further discussion on whether or not to support CFS/CBS PUR, PUR signature (e.g. T/F resources, CDM based, or DMRS sequence based).  

	Fraunhofer IIS, Fraunhofer HHI
	Observation 1:	For energy constrained devices with small data rates and long reporting intervals in dense deployments, transmission of data in a shared preconfigured resource area is beneficial.
Proposal 1:	CBS PUR is supported.
Proposal 2:	The evaluation metric for comparing proposals for CFS/CBS PUR should include at least the following: energy consumption, connection density, packet error rate.



Although there is no consensus on supporting CFS PUR, most companies discuss aspects of CFS PUR. It is then suggested to focus the discussion on the various aspects raised by companies.

Other
Table 17 is a summary of other proposals on PUR. 
Table 17
	Source
	Related Proposals & Observations

	Intel Corporation
	Observation 1:
· Considering the possible support of CBS PUR and the eNB receiver complexity, as well as possibility to support different traffic requirements/characteristics, the ability to configure multiple PURs in the cell can be beneficial.

	Nokia, Nokia Shanghai Bell
	Proposal 9:	The PUR configuration used by the UE can be configured to support more than one TBS size for a specific subset of PUR occasions.

	ZTE
	[bookmark: OLE_LINK15]Proposal 20: Multi-TB grants is not supported at least for dedicated PUR in RRC_IDLE mode.

	Lenovo, Motorola Mobility
	Proposal 6:  PUR resource can be configured as periodic starting subframe and resource duration for each PUR resource occasion.

	Sierra Wireless, S.A.
	Observation 8:	 The decision to support MTBG with PUR should wait until the MTBG feature and RAN2 PUR decisions have progressed further.

	MediaTek Inc.
	Proposal 3: Dedicated PUR is implicitly activated for UEs configured with dedicated PUR when these UEs move to idle state.

	Samsung
	Proposal #5: Validity period should be introduced for dedicated PUR.
Proposal #6: FFS whether dedicated PUR can be used if camped cell is changed.

	ASUSTEK COMPUTER (SHANGHAI)
	Observation: Change of radio condition in RRC_IDLE state could result in failure of D-PUR transmission.
Proposal 2: PUR resource configuration could include multiple numbers of repetitions for D-PUR transmission corresponding to different radio conditions.



Conclusion
Several aspects of preconfigured uplink resources are addressed in [2]-[17]. A summary of companies’ views is given in the above Sections, and several potential agreements are proposed. 
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Introduction


 


One of the objectives 


of the Rel


-


16 WI on additional enhancements for NB


-


IoT 


[1]


 


is 


to


 


specify support for 


UL transmission in preconfigured resources.


 


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 schemes


 


A


greements


 


on


 


transmission on UL 


preconfigured resources in RAN1#


94


,


 


RAN1


#


94b


,


 


RAN1


#


95


 


and 


RAN1#96 


follow.


 


RAN1#


94


 


Agreement


 


Idle mode based pre


-


configured UL resources is supported for UEs in possession of a valid TA


 


-


 


FFS: Validation mechanism for TA


 


-


 


FFS: How the 


pre


-


configured UL resources is acquired


 


 


Agreement


 


For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can 


be confirmed


 


 


Agreement


 


 


Study both shared and dedicated resource for preconfigured UL resources. If b


oth shared and dedicated 


resources are supported, strive for commonality in design of both resource types.


 


 


Agreement


 


HARQ procedures for transmission in preconfigured UL resources should be studied and the following 


aspects should be considered: 


 


-


 


Whether 


to support HARQ;


 


u


 


If supported, details of HARQ design including the number of HARQ processes;


 


-


 


Whether ACK/NACK is necessary


 


Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.


 


RAN1#94


b


 


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 NR


SRP changes (serving cell refers the cell that the UE is camping on)
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