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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 [2] and RAN1 94b [3] 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.


This contribution summarizes views and proposals from different companies [4]-[15].
TA
Validation mechanisms
Based on the RAN1#94 agreement to consider different attributes when validating the TA, this Section discusses the support of the different attributes.
Table 1: Summary of support of attributes for TA validation
	
	Which attribute(s) shall be considered when validating the TA?

	Source
	Serving cell changes
	Time Alignment Timer for idle mode
	Serving cell NRSRP changes
	[FFS] Neighbour cell NRSRP change
	[FFS] TDOA of >=2 eNBs
	[FFS] TA History
	[FFS] Subscription based UE differentiation
	[Others] cell-radius based (TA threshold, or small cell indication)

	Huawei, HiSilicon
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	/

	Ericsson
	Yes
	Yes
	Yes
	/
	/
	/
	Yes
	Yes

	Sierra Wireless
	Yes
	Yes
	Yes
	Yes
	Needs more study
	Needs more study
	Needs more study
	Yes

	MediaTek
	Yes
	/
	/
	/
	/
	Yes
	Yes
	/

	ZTE
	Yes
	Yes
	Needs more study
	No
	Has some concerns
	/
	Yes
	/

	Samsung
	/
	/
	No
	No
	/
	/
	/
	/

	Docomo
	/
	Yes
	/
	/
	/
	/
	/
	/

	III
	/
	Yes
	Yes
	/
	/
	/
	Yes
	/



Table 2: Proposals and Observations
	Source
	Proposals and Observations

	Huawei, HiSilicon
	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.

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

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.

Proposal 5: DL synchronization is assumed before transmission in preconfigured UL resources.

	Ericsson
	Among the candidate TA validation mechanisms, the following ones have been agreed to be supported so far: “Serving cell changes”, “Time Alignment Timer for idle mode”, and “Serving cell RSRP changes”.

Proposal 1	The network configures which or which ones of the supported TA validation mechanism(s) is to be used for the transmissions over PUR.

Proposal 2	The “Stationary indication” is supported for making use of it when the network happens to support “Subscription based UE differentiation” (i.e., “Subscription based UE differentiation” is not a requisite for supporting PUR).

Proposal 3	The “Cell-radius based TA validation mechanism” is supported by signalling to the UE either the cell-radius in the form of a TA threshold or that the UE is in a cell (e.g., small cell) where the TA can always be considered as valid.

	Sierra Wireless
	Proposal 2:  	The UE considers the TA as invalid if the (current time – time at last TA update) > TA Validation Timer
•	FFS: TA Validation Timer configuration

Proposal 3:  	The UE considers the TA as invalid if the abs(Current RSRP – RSRP at last TA update) > TA RSRP Threshold 
•	FFS: TA RSRP Threshold configuration

Proposal 4:  	The UE considers the TA as invalid if the serving cell changes

Proposal 5:  	In idle mode, the UE will consider neighbour cell measurements when validating TA (combination of multiple attributes is allowed). No additional neighbour cell measurement shall be required.
•	FFS: details of how UE uses the neighbour cell measurements

Proposal 6:  	In idle mode, the UE will consider a Small Cell Indication when validating TA (combination of multiple attributes is allowed).  The Small Cell Indication will be signalled to the UE. 
•	FFS: how the Small Cell Indication will be signaled
•	FFS: details of how UE uses the small cell indication

Observation 1:	The added value of using subscription-based UE differentiation as an attribute for TA validation is not clear and needs more study. 

Observation 2:	Using TDOA as an attribute for TA validation needs more study WRT battery life impacts and UE complexity impacts.

Observation 3:	The added value of using TA Update History as an attribute for TA validation is not clear and needs more study. 

	MediaTek
	Observation 1: In current UE behaviour, idle UE can reuse last TA command in serving cell before going to idle for UL packet transmission if still camping on serving and timeAlignmentTimer is not reset.

Observation 2: In current eNB behaviour, the eNB can determine if a new TA is needed based on the timing of the detection of the associated DM RS sequence and indicate it via MAC CE.

Observation 3: UE and eNB behaviours in connected mode for UL timing alignment procedure can be extended to idle UE with minimum impact on specifications.

Proposal 4: Use TA history to validate TA in idle mode.

Proposal 5: The eNB and UE assumes the TA last used for early transmission in PUR is valid if UE differentiation information in stored UE context indicates the UE is stationary. 

	ZTE
	Observation 1: The configured dedicated PUR resource will be invalid if the serving cell changes.

Observation 2: Time alignment timer based TA validation is recommended since no extra UE power consumption and resource overhead are needed.

Observation 3: Time alignment timer based TA validation is more appropriate for stationary UE.

Observation 4: Implementation of TA validation based on serving cell NRSRP changes needs further study.

Observation 5: Neighbour cell NRSRP changes is not recommended for TA validation mechanism.

Observation 6: Positioning based TA validation method requires considerable DL resources and increase UE power consumption.

Observation 7: Timer based TA validation can be used for stationary UE indicated by UE differentiation. 

Proposal 1: For stationary UE, at least the time alignment timer should be used for TA validation.

Proposal 2: For Non-stationary UE, FFS the TA validation.

	Samsung
	Proposal #8: RSRP change is not considered as one of validation criteria.

	Docomo
	Proposal 3: TA validation mechanism should be introduced for PUR in RRC_IDLE mode.

Proposal 4: TA that was validated in RRC connected mode should be used in RRC idle mode for UL preconfigure resources as long as timeAlignmentTimer does not expire. 

	III
	Proposal 1: For UEs indicated as stationary by subscription based UE differentiation information, TA is considered to be valid when TAT is running.

Proposal 2: When Rel-14 relaxed monitoring criteria is not fulfilled, TAT is stopped.



For the attributes for TA validation agreed to be considered at the past meeting, the majority view is to support them. In addition, the support of subscription based UE differentiation (FFS to be considered in RAN1#94b), is also a majority view. Other attributes can be further discussed if there is enough interest. It is then proposed to agree the following:
Potential Agreement# 1 - For preconfigured uplink resources in idle mode, the following mechanisms for TA validation are supported:
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer
· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)
· Subscription based UE differentiation
Combinations of the above TA validation mechanisms are supported.

There are other proposals on TA validation to be used when the UE transitions to idle mode, configuration, etc. We can further discuss and consider to agree to the following:
Potential Agreement#2: The network configures which or which ones of the supported TA validation mechanism(s) is to be used for the transmissions over PUR.
Potential Agreement#3: The UE considers the TA as invalid if the serving cell NRSRP change is above a threshold. FFS the threshold value.
Potential Agreement#4: The TA that was validated in RRC connected mode should be used in RRC idle mode for UL preconfigured resources.
Potential Agreement#5: RAN1 assumes that a UE transitioning to idle mode stores its TA value. RAN1 sends an LS to RAN2 to enable UE storing its TA value when transitioning to idle mode.

Other proposals need further discussion.

Actions when TA is invalid

Table 3: Summary of proposals on actions when TA is invalid
	
	Actions when TA is invalid

	Source
	Use modified RACH procedures for TA update
(Only use Msg1 and Msg2 to update TA)
	Fallback to legacy RACH or EDT
(contention-based, not for TA update purpose)
	Use legacy RACH or EDT to update TA
(contention-based)
	Use UE triggered non-contention based RACH to update TA
	Use PDCCH order triggered non-contention based RACH to update TA

	Ericsson
	No
	Yes
(PUR is retrieved by network)
	No
	/
	/

	LGE
	Yes
	/
	/
	/
	/

	ZTE
	/
	Yes
(If TA update procedure is not supported or enabled)
	/
	Yes
	Yes

	Samsung
	/
	/
	Yes
	/
	/

	III
	/
	/
	/
	Yes
	/



Table 4: Proposals and Observations
	Source
	Related Proposals & Observations

	Ericsson
	Observation 1	If the TA validation is not passed, the TA needs to be updated. Transmitting Msg1 and receiving an updated TA via Msg2 (even if it only carries TA) would result in a signalling overhead comparable with the one of EDT. Thus, it is better to re-use EDT and release the pre-configured UL resources so other UEs that can actually fulfil the criteria for transmitting over PUR can use them.

Proposal 4	When the TA validation test is not passed, either Rel-13/Rel-14 random access procedures or EDT (if both the eNB and UE supports EDT) is used for the data transmission and the pre-configured uplink resources are retrieved by the network.

	LGE
	Proposal 2: The subsequent procedures when the TA validity criterion is not satisfied should be discussed depending on the different criteria of TA validity confirmation.

However, if the UE uses the legacy RACH procedure without any change, the UE’s RRC state has to be changed from idle mode to connected mode. Therefore, it can be considered that modified RACH procedures focused on TA update. For example, the modified RACH procedure, which may not force to change the RRC state, can keep the UE’s RRC state in idle mode, and also it can update the exact TA of UE. Moreover, the modified RACH procedure, which only uses MSG1 and MSG2, can update the exact TA of UE, and also it can improve the battery life of UE.

Proposal 3: The following cases should be discussed for TA update:
· TA update on HARQ feedback channel
· TA update request by eNB’s needs
· TA update request by UE’s needs

Proposal 4: Modified RACH procedures for TA update should be discussed.

	ZTE
	Proposal 3: At least the following one or more alternatives schemes can be used for TA update when TA is invalid.
﹘	Alt 1: UE triggered non-contention based random access procedure;
﹘	Alt 2: PDCCH order triggered non-contention based random access procedure;
﹘	Alt 3: Information used for TA estimation is transmitted on the dedicated PUR configured for the UE.

Proposal 4: If TA update procedure is supported and enabled by eNB, TA update procedure is triggered when TA is invalid. Else, fallback to RACH/EDT is triggered when TA is invalid.

	Nokia
	Proposal 1:  	Mechanisms should be considered for the UE to initiate:
· An update its TA
· Indicate to the network to reconfigure or release its PUR allocation

	Samsung
	Proposal #9: If TA is determined to be invalid using validation criteria, a new valid TA can be acquired via legacy RACH/EDT procedure.

	III
	Proposal 3: TA update is supported to be transmitted to the UE in response to a preconfigured transmission.
Proposal 4: Dedicated NPRACH resource is can be configured with the preconfigured UL resource for TA update purpose.



As summarized in Table 3, there is no clear preference of the procedure to use when a UE, in idle mode and with preconfigured uplink resources assigned, considers the TA to be invalid. The UE may fallback to scheduled resources by initiating the RACH procedure and transitioning to connected mode, or the UE can use a procedure to validate the TA and continue to transmit in preconfigured resources while remaining in idle mode. Overall more discussion is needed.
Based on the inputs so far, we can at least agree to study further the fallback to RACH/EDT and mechanisms to validate the TA while the UE remains in IDLE mode without releasing the acquired preconfigured resources. However since the support of the fallback to RACH/EDT is already agreed, we can agree to support the fallback to RACH/EDT when the TA validation fails, and study further other mechanisms.
Potential Agreement#6: When the TA validation fails, study further at least fallback to RACH/EDT. 

It is noted that this discussion is related to PUR release and fallback to RACH/EDT, which are summarized in the next two sections. Some companies’ view is that the invalid TA is the triggering mechanism to fallback to RACH/EDT and/or to initiate the PUR release.
 
PUR release 
The aspect of PUR release is addressed by some companies as a consequence of an invalid TA.  Other companies discuss the PUR release aspect in general, considering that PUR release can be initiated either by the network or by the UE. Table 5 summarizes related proposals and observations.   

Table 5: Proposals on PUR release
	Source
	Related Proposals and Observations

	Ericsson
	Proposal 4	When the TA validation test is not passed, either Rel-13/Rel-14 random access procedures or EDT (if both the eNB and UE supports EDT) is used for the data transmission and the pre-configured uplink resources are retrieved by the network.

	Sierra Wireless
	Proposal 8:  	For dedicated PUR, the PUR resources shall be de-allocated if more than “Max Failed PUR” consecutive PUR transmissions are undetected by the eNB. “Max Failed PUR” is signalled to the UE. 
•	FFS: how the “Max Failed PUR” will be signalled
Proposal 15:  	How to make the proposed new Simpler RACH procedure scalable needs further study.

	Intel
	Proposal 4:
· Consider support of PUR Release command.

	LGE
	Proposal 1: In addition to the configuration/release of PUR for idle mode during RRC_connected state, additional mechanism for (re-)configuration/release/activation/deactivation of PUR for idle mode during RRC_idle state should be discussed.

	Nokia
	Proposal 1:  	Mechanisms should be considered for the UE to initiate:
· An update its TA
· Indicate to the network to reconfigure or release its PUR allocation

Observation 1: 	The network can page the UE if it needs to modify/release the PUR configuration to the UE.
Proposal 3:  	A new inactivity counter is supported to enable the network to release PUR resources without the need of additional UE signalling.

	Samsung
	Proposal #4: Validity period should be introduced for dedicated PUR.
Proposal #5: FFS whether dedicated PUR can be used if camped cell is changed.
Proposal #7: Preconfigured UL resources can be activated/deactivated in system information. 

	III
	Proposal 6: eNB indication for idle UE to release the preconfigured resource is supported.



PUR release is an aspect that needs to be discussed and mechanism to release PURs need to be specified. To start to progress the PUR release aspect, based on the expressed views it is suggested to discuss the following potential agreements:
Potential Agreement#7 – PUR release can be initiated either by the network or the UE.
Potential Agreement#8 – In idle mode, if the TA is not valid, the UE can initiate the procedure of PUR release.
Potential Agreement#9 – The network can initiate PUR release if UE inactivity is detected. 
Skipping PUR transmission
Some companies discuss whether the UE is allowed not to use PUR transmission as summarized in Table 6.

Table 6
	Source
	Related Proposals and Observations

	Sierra Wireless
	Proposal 7:  	For dedicated PUR, the UE is not mandated to transmit on every allocated PUR.

	LGE
	Proposal 5: Skipping UL transmission on dedicated PUR in idle mode is enabled or disabled by eNB configuration.

	ZTE
	Proposal 9: Padding is preferred when no traffic for configured dedicated PUR.

	Nokia
	Proposal 2:  	UEs can skip PUR transmissions.

	Samsung
	Proposal #6: UE is allowed to skip transmission in dedicated PUR, but the maximum number of continuous skipping should be restricted.



From the expressed views, we can consider agreeing that the UE is allowed to skip transmission on PU resources.

Potential Agreement#10: UE is allowed to skip transmission in dedicated PUR. 

Fallback to PRACH/EDT
In RAN1#94bis [2] it was agreed that for UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported. Companies have provided further details, which are summarized in Table 7. Fallback indication by the network and fallback initiated by the UE are both considered.
Table 7: Proposals on fallback to RACH/EDT
	Source
	Related Proposals and Observations

	Huawei, HiSilicon
	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.

	Qualcomm
	Proposal 8: Study mechanisms and procedures for retransmissions and fallback to PRACH/EDT, the determination of which may depend upon an eNB response message tied to the DMRS sequence used by a UE.

Proposal 9: Study possible additional information conveyed by the aforementioned eNB response message—for example, timing advance refinements and power control updates.

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.

	Sierra Wireless
	Proposal 14:  	The UE will initiate the fallback mechanism, at least, when 
•	the TA is Invalid, or
•	there is neither an ACK or UL grant in response to PUR transmission, or
•	the UE is directly signalled by network.

	MediaTek
	Proposal 8: UE falls back to legacy RACH / EDT procedures if first UL packet transmission fails.

	ZTE
	Proposal 5: For PUR, both eNB triggered fallback and UE triggered fallback are supported. For eNB triggered fallback, FFS the following options:
﹘	Option 1: Fallback is indicated via DCI dedicated for PUR
﹘	Option 2: Fallback is indicated by PDCCH order triggered contention based random access
﹘	Option 3: Fallback is triggered if the number of transmission failure reaches the maximum value

	Nokia
	Proposal 7:    	For CFS PUR, one or more the following actions could be specified as a response from the UE to an explicit NACK indicated in DCI.
· Wait till the next PUR transmission to send a retransmission.
· Fall back to EDT
· Re-establish a RRC connection via RACH
· Use a UL Grant supplied in the DCI to send a retransmission

Proposal 8:    	For CFS PUR, one or more the following actions could be specified as a response from the UE to an implicit NACK indicated by the absence of a DCI ACK or NACK.
· Wait till the next PUR transmission to send a retransmission.
· Fall back to EDT
· Re-establish a RRC connection via RACH

	Samsung
	Proposal #13: 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.



The following proposals can be considered as a starting point. The FFS parts in the agreements need further discussion and a list of options can be considered.
Potential Agreement#11: The eNB can indicate the UE to fallback to legacy RACH/EDT procedures via DCI. FFS details of the indications
Potential Agreement#12: The UE can initiate fallback to legacy RACH/EDT procedures. FFS details of the conditions

HARQ
Views on HARQ are summarized in Tables 8 and 9. 

Table 8: Views on HARQ search space for retransmission and number of HARQ processes
	
	Issue: NPDCCH search space for PUR?
	Issue: number of HARQ process for dedicated PUR?

	Source
	Type 2 CSS (for random access)
	USS
	1
	>1

	Huawei, HiSilicon
	Yes
	/
	Yes
	Has concern on 2 HARQ

	Ericsson
	/
	/
	Yes
	/

	Sierra Wireless
	/
	Yes
	Yes
	/

	Intel
	Yes
	/
	Yes
	/

	LGE
	/
	/
	Yes
	/

	MediaTek
	/
	/
	Yes
	/

	ZTE
	
	Yes
	Yes
	/

	Nokia
	/
	/
	No
	Multiple

	Samsung
	/
	/
	Yes
	/

	III
	/
	/
	/
	/



Table 9: Proposals on HARQ
	Source
	Related Proposals & Observations

	Huawei, HiSilicon
	Proposal 8: For transmission in PUR, Type 2 CSS (for random access) is reused as the corresponding NPDCCH search space.

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.

	Ericsson
	Proposal 12	Dedicated PUR only supports one HARQ process.

	Sierra Wireless
	Proposal 10:  	A dedicated PUR allocation is associated to only a single TB and single HARQ process

Proposal 11:  	For use in the corresponding NPDCCH search space after the PUR transmission on the NPUSCH, the UE is signalled, at least, a unique RNTI
•	FFS: which other parameters used to configure a UE specific search space to signaled.

Proposal 12:  	On successful decoding of a PUR transmission, the UE can expect an ACK on the NPDCCH in the PUR search space

Proposal 13:  	On unsuccessful decoding of a PUR transmission, a UE can expect an UL GRANT with NDI=false on NPDCCH in the PUR search space

Proposal 16:  	The DCI carrying the PUR ACK shall include at least the following
•	Ack indication
•	Updated timing advance, and
•	Updated UE TX Power, and
•	Updated repetition, and
•	Updated frequency resource
•	FFS: if the update is a differential
•	FFS: if time offset is included

	Intel
	Proposal 5:
· After transmission of NPUSCH in IDLE mode using preconfigured resources, the UE should monitor Type 2-NPDCCH CSS (for random access related monitoring) for potential reTx grant or switching indication to connected mode.
· If the UE does not detect a valid NPDCCH for a configured time duration, it may continue to remain in RRC_IDLE mode without further monitoring of NPDCCH. 

Proposal 6:
· More than one HARQ process per NB-IoT carrier is not supported for transmissions in RRC_CONNECTED mode.
· More than one HARQ process is not supported for transmissions in RRC_IDLE mode.

	LGE
	Proposal 7: The following consideration points should be discussed for HARQ retransmission:
· Necessity of explicit ACK transmission
· How to set the retransmission resources
· Whether a HARQ feedback channel can carry the feedback for single UE only, or can carry the feedbacks multiplexed for multiple UEs.
· How to differentiate the idle mode target UE in HARQ feedback

However, since power saving and resource saving are the fundamental reasons for introducing the dedicated PUR in the idle mode, it is not desirable to introduce more than one HARQ process for dedicated PUR in idle mode.

	MediaTek
	Proposal 6: HARQ Ack/Nack for early transmission on CFS PUR is supported.
Proposal 7: HARQ retransmission on CFS PUR is not supported.
Proposal 9: One HARQ process is used for HARQ re-transmissions on dedicated PUR.
Proposal 10: Re-transmission in next dedicated PUR is not supported.

	ZTE
	Proposal 6: Only one HARQ process is supported for dedicated PUR in RRC_IDLE.
Proposal 7: ACK is indicated explicitly in the DCI, NACK is implicitly indicated via UL grant for HARQ retransmission.
Proposal 8: For dedicated PUR in RRC_IDLE mode, UL grant for HARQ retransmission is transmitted in USS configured for dedicated PUR.
Proposal 10: UE-specific search space can be configured for dedicated PUR.

	Nokia
	Proposal 6:  	For CFS PUR, a UE specific pre-configured RNTI is used for the DCI conveying HARQ ACK/NACK.

Proposal 7:    	For CFS PUR, one or more the following actions could be specified as a response from the UE to an explicit NACK indicated in DCI.
· Wait till the next PUR transmission to send a retransmission.
· Fall back to EDT
· Re-establish a RRC connection via RACH
· Use a UL Grant supplied in the DCI to send a retransmission

Proposal 8:    	For CFS PUR, one or more the following actions could be specified as a response from the UE to an implicit NACK indicated by the absence of a DCI ACK or NACK.
· Wait till the next PUR transmission to send a retransmission.
· Fall back to EDT
· Re-establish a RRC connection via RACH

Proposal 9:    	For CBS PUR, a shared RNTI is used for the DCI supporting the initial contention process.
[bookmark: _Hlk528920481]Proposal 10:    	In IDLE mode, PUR can be configured to support multiple TBS transmissions supported by multiple HARQ processes.

	Samsung
	Proposal #10: TA can be updated within a small range in DCI during HARQ procedure.
Proposal #11: More than one HARQ processes are not supported at least in this release.
Proposal #12: ACK DCI should be introduced.

	III
	Proposal 5: Retransmission without legacy RACH/EDT procedure is supported at least for dedicated preconfigured resource.



Considering typical traffic demands in NB-IoT systems, the majority view is that a single HARQ process should be sufficient for NPUSCH on preconfigured resources. Thus we can consider to agree to the following:
Potential Agreement#13: In idle mode, only one HARQ process is supported for dedicated PUR

Another issue is if ACK feedback is supported on PUR transmission. Some companies propose to use ACK feedback signaled in DCI, others propose not to use a NACK feedback. As not many companies have expressed their view, we can further discuss whether to agree to the following:
Potential Agreement#14: For dedicated PUR in idle mode, explicit ACK feedback is supported.

Regarding the search space that is used for scheduling of HARQ retransmission of dedicated PUR transmission, both Type 2 CSS (reusing what is done for random access) and USS (configured for dedicated PUR) are proposed in this meeting. It is suggested to further discuss and down-select between the two options.
Potential Agreement#15: For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in [Type 2 CSS or USS].

PUR types
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 10, and related proposals and observations are summarized in Table 11. 
Table 10: Summary of companies’ views on PUR types
	
	Support

	Source
	CFS PUR
	CBS PUR

	Huawei, HiSilicon
	Has some concern
	Has some concern

	Ericsson
	Has some concern
	Has some concern

	Qualcomm
	Yes
	/

	Sierra Wireless
	Has some concern
	Has some concern

	Intel
	Yes
	/

	MediaTek
	Yes
	No

	ZTE
	Has some concern
	Has some concern

	Nokia
	Yes
	Yes

	Samsung
	No
	No

	Docomo
	/
	CBS PUR is prioritized than CFS PUR



Table 11: Proposals on shared resources
	Source
	View summary
	Related Proposals and Observations

	Ericsson
	CDMA, MU-MIMO
	Observation 6	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 coverage level 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 7	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
	MU-MIMO 
	Proposal 1: Dedicated PUR shall be assigned to the UE via a dedicated RRC message during a connected state.

Proposal 2: Consider RRC-configured resources for CFS PUR, where, in a given resource, multiple UEs may transmit data, while using unique DMRS sequences.

Proposal 3: 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 4: Consider broadcast resources for CBS PUR where the UEs select a DMRS sequence from a pool of pre-configured sequences.

Proposal 5: Consider DMRS resource and sequence designs for CBS PUR that reduces the probability of inter-UE DMRS collision to within acceptable limits.
[bookmark: _Hlk528934120][bookmark: _Hlk528884717]
Observation 1: CFS PUR allows for efficient resource usage (with respect to dedicated PUR) with negligible loss in UE performance. 
[bookmark: _Hlk528937031]
Observation 2: For a desired UE performance level, significant resource overhead reductions can be obtained by using CFS PUR vis-à-vis dedicated PUR.
Proposal 6: Consider PUR designs to address both fixed and bursty traffic patterns.
Proposal 7: Support CFS PUR for uplink data transmission in preconfigured resources.

	Sierra Wireless
	unique DRMS and unique scrambling pattern
	Proposal 19:  	If the only mechanism needed to support CFS PUR is the ability to assign a unique DRMS and unique scrambling pattern, then CFS PUR should be supported

Proposal 20:  	More study is needed before CBS PUR is to be supported.

	Intel
	Support MU-MIMO.

CDMA contradicts the WID
	Proposal 2:
· CFS PUR is supported.

Proposal 3:
· Support orthogonal DMRS for UL MIMO.
· Support sub-PRB transmission in PUR.

In addition to UL MU-MIMO, CDMA or OCC based multiplexing option was considered as a means of improving multiple access. Partially, it was reflected in the definition of NPUSCH resource for shared PURs which is at least a time-frequency resource. A discussion on CDMA appeared previously and repeats again here. This contradicts the WID as it clearly says to limit the scope to ‘orthogonal (multi) access schemes’ only, i.e., no CDMA. Additionally, RAN1 has already defined the support of sub-PRB transmission as an effective UL capacity enhancement which can be combined together with the PUR concept.

	MediaTek
	
	Proposal 2: Early transmission on Contention-free Shared PUR (CFS PUR) is supported.
Proposal 3: Early transmission on Contention Based Shared PUR (CBS PUR) is not supported

	ZTE
	
	Observation 8: For the same UE collision probability, EDT requires less system resources than UL transmission in preconfigured shared resource.
Proposal 11: Further study is needed to evaluate the benefit of CBS/CFS scheme on top of dedicated schemes and other existing legacy scheme such as RACH/EDT.

	Nokia
	
	Proposal 4: 	 Idle mode CFS PUR is supported.
Proposal 5: 	 Idle mode CBS PUR is supported.

	Samsung
	
	Proposal #2: CFS PUR needn’t be specified.
Proposal #3: CBS PUR is not supported.

	Docomo
	
	Proposal 2: CBS PUR should be prioritized than CFS PUR in future discussion. 



For CFS PUR, there is no common view if CFS PUR is supported or not. A high-level summary of companies’ opinions is given in Table10. Some companies have discussed more details of what is intended with shared resources as different schemes are possible. It is suggested to further study the support of CFS PUR, and discuss the details of code domain and space domain sharing, UL MIMO, etc. for preconfigured uplink resources.
From the expressed views, summarized in Table 10, it seems that there is not much support for CBS PUR. According to the majority view, it may be concluded that either CBS PUR is not supported or is further studied. 
Other
Table 12 is a summary of other proposals on PUR. One discussion to note is the support of PUR in connected mode. There are few companies expressing interest in working on PUR for connected mode, however this is not a majority view, and there are also proposals for de-prioritization or no support for PUR in connected mode. If there is time, we may discuss further whether to support PUR in connected mode. Alternatively at this meeting we focus on what supported so far and progress work, and discuss this in future meetings if there is enough interest.
Table 12: Summary of other proposals on PUR
	Source
	Proposals and Observations

	Huawei, Hisilicon
	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.
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.

	Ericsson
	Proposal 13	A target UL power level is signalled to the UE as part of the PUR configuration.

	Sierra Wireless
	Proposal 1:  	Pre-configured UL resource transmissions in connected mode should be deprioritized or not supported.
Proposal 9:  	Sent LS to RAN3 for them to specify charging for PUR and make them aware the UE may skip PUR allocations.
Proposal 21:  	The PUR feature should consider optimizing the use case of DL data after the PUR transmission.

	Intel
	Proposal 1:
· Support the general framework of PUR configuration for shared or dedicated UL transmission of the UEs in CONNECTED or IDLE mode.

	LGE
	Observation 1: Benefits of introducing UL only SPS operation in connected mode is unclear.

	Samsung
	Proposal #1: For Rel-16 NB-IOT, UL SPS in RRC-connected mode can be extended to data transmission from periodic BSR.

	Docomo
	Proposal 1: Dedicated PUR can be based on UL SPS in RRC_CONNECTED mode,
· FFS: How to extend in RRC_IDLE mode



Conclusion
Several aspects of preconfigured uplink resources are addressed in [4]—[15]. A summary of companies’ views is given in the above Sections, and several potential agreements are proposed. 
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