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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 some issues for comeback during RAN1#96b.
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 1 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.
Comeback#1
From chairman’s notes:
Possible Agreement
Only TA is acquired and then data can be transmitted on PUR 

Supporting arguments
· PUR is contention-free, RACH/EDT is contention-based and may cause resource collision and the retransmission of Msg3
· Reduce signaling overhead compared to RACH (avoid entering RRC_CONNECTED mode)
· PUR may support larger TBS than EDT (EDT only support 1000 bits TBS)
· Avoid wasting PUR, which is already allocated
· Maybe EDT is not supported by a PUR-capable UE

Non-supporting arguments
· The signaling overhead would still be comparable to EDT
· UE needs to wait for the next PUR transmission opportunity

It is the feature lead recommendation to agree to support that the UE can acquire a valid TA and transmit on PUR, in addition to the transmission via legacy RACH or EDT procedures (which is always possible regardless if other UE behaviors are allowed). 
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, or send data on PUR resources.
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA

PUR search space
Table 2 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 3 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
	/
	/


	
Comeback#2
From the chairman’s notes (text in italics):
Possible Agreement
The number of repetitions for NPUSCH in dedicated PUR transmission is included in the ACK DCI.

It is proposed to agree to the following:
Potential Agreement 9: For dedicated PUR in idle mode, the PUR search space is configured by UE-specific RRC signaling.

Comeback#3
From the chairman’s notes (text in italics):
Possible Agreement
The number of repetitions for NPUSCH in dedicated PUR transmission is included in the ACK DCI.
No need to discuss – addressed by the agreed working assumption

Potential Agreement 9: 
For dedicated PUR in idle mode, the PUR search space is configured by UE-specific RRC signaling. 
This might be agreeable.

Potential Agreement 10: 
The PUR search space configuration shall contain at least one UE-specific RNTI for dedicated PUR transmission.
No need to discuss – addressed by the agreed working assumption
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