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Introduction
The following tdoc provides a summary of the LTE-M PUR open issues, company positions and proposals for RAN1 #96. 
Definitions
The following definitions are used in this document: 
PUR Configuration:	A configuration that contains all required information for D-PUR transmissions. The configuration may include: the number of D-PUR allocations (see below), time/frequency resource(s), repetition, MCS, TBS, period, time offset, hopping, RNTI, power control, DMRS, scrambling code, timing advance validation mechanism configuration, and others. 
PUR Allocation: 	A single time/frequency D-PUR resource allocation.

TA Validation
TA Validation Attributes
The following TA validation attributes have been agreed
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

The following TA validation attributes have been agreed for further study:
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
Issue: We need to decide if the above two attributes will also be supported.

1. In idle mode, subscription based UE information is a supported TA validation attribute
Supported by: Ericsson, ZTE, Sierra Wireless, Lenovo, Motorola Mobility, Nokia, Nokia Shanghai Bell

In idle mode, a “Cell specific indication where TA is always valid within that cell” is supported TA validation attribute
Option 1: which is Indirectly indicated to the UE 
(e.g. by setting timer and ∆RSRP_Threshold value to infinity)
Supported by: ZTE, Sierra Wireless, Lenovo, Motorola Mobility, LG Electronics, Nokia, Nokia Shanghai Bell
Option 2: which is directly signalling to the UE 
Supported by: Ericsson



Usage of TA Attributes
Issue: How the agreed upon attributes will be used to validate the TA has not yet been agreed 

[bookmark: _Hlk877222]In idle mode, the TA validation configuration shall include “PUR Time Validation Timer”
Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Validation Timer
RAN2 shall specify the PUR Time Validation Timer range  
[bookmark: _GoBack]Supported by: ZTE, LG Electronics, Sierra Wireless, Sequans Communications

In idle mode, the TA is considered invalid if the following condition is not met: 
∆RSRP_ThNeg  < ∆RSRP  < ∆RSRP_ThPos
Where ∆RSRP = (RSRP when TA was given) – (RSRP when the TA is evaluated)
FFS: whether RSRP_ThNeg  and RSRP_ThPos are the same
FFS: how RSRP_ThNeg and RSRP_ThPos are signalled and/or calculated
FFS: when RSRP measurements are made
Supported by: ZTE, Sierra Wireless, Sony

In idle mode, the UE considers the TA as invalid if the serving cell changes.
Supported by: Sierra Wireless

In idle mode, the TA is declared as invalid, if any of the TA validation mechanisms based on TA validation attributes: 
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)
result in a validation criterion that is no longer met
Supported by: Ericsson, Sierra Wireless, Sequans Communications

When should TA validation occur
Issue: When should the UE perform the TA validation? 
Study the following proposal:
In idle mode, the UE shall perform TA validation at least X ms before UL transmission of data on assigned pre-configured UL resources
FFS:  Value of  X
Supported by: Sierra Wireless, Ericsson
Dedicated PUR Issues
Support for dedicated PUR has been agreed but there are still many open issues. 
ACK is sent on Layer 1 and/or 2
The following agreements have been made WRT to ACK:
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Issue: if the explicit ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3) is open. RAN1 can study and decide if ACK on MPDCCH is needed. 

For dedicated PUR in idle mode, the Dedicated PUR ACK is at least sent on MPDCCH 
RAN2 can decide if a layer 2 PUR ACK is also supported 
Supported by: Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Sierra Wireless, Sony, Samsung, Intel Corporation, Sequans Communications, LG Electronics

Explicit NACK
The following agreements have been made WRT to Explicit NACK:
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 MPDCCH, or  
FFS: a NACK, or
FFS: no explicit ACK
Issue: An explicit NACK is useful to tell the UE HARQ will not be performed and to fallback. Whether an explicit NACK is specified is an open RAN1 issue. 

Further study the following proposals:
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 MPDCCH, or  
an explicit NACK, or
Nothing 
Supported by: Huawei, HiSilicon, ZTE, LG Electronics, Sierra Wireless

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 MPDCCH, or  
Nothing 
Supported by: Sony, Intel Corporation, Sequans Communications

PUR Search Space
The following agreements have been made WRT to PUR search space:
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)
Issue: The design of the corresponding MPDCCH search space to recieve ACK and UL grant is an  open RAN1 issue.

For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration. 
Supported by:  Sierra Wireless, LG Electronics

For dedicated PUR in idle mode, the PUR search space configuration shall at least include: 
RNTI
Supported by:  ZTE, Sierra Wireless, Lenovo, Motorola Mobility, Nokia, Nokia Shanghai Bell

For dedicated PUR in idle mode, the PUR search space configuration shall at least include: 
mPDCCH narrowband location, 
mPDCCH repetitions and aggregation levels, 
Scaling factor, 
Starting subframe 
Supported by:  ZTE, Sierra Wireless, Sequans Communications, Nokia, Nokia Shanghai Bell






PUR Configuration
Issue: The list of parameters which need to be configured for each PUR configuration has not yet been agreed. Based on tdocs the following parameters have been suggested:
Time domain resources including periodicity(s) 
Frequency domain resources
TBS(s)/MCS(s)
number of repetitions 
number of RUs (i.e. for subPRB)
number of PUR allocations
number of PUR allocations that can be skipped
a frequency hopping indication, 
RNTI
power control parameters
DMRS assignment
scrambling code
TA validity procedure parameters

The following NB-IOT agreement was made but was not made for LTE-M
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)

RAN2 is discussing some of these parameters in an email thread “[104#43][eMTC & NB-IoT R16] D-PUR” but many of the above parameters are RAN1 related so should be studied and decided by RAN1. 

For dedicated PUR in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)
· number of repetitions 
· Power control parameters
Supported by:  Huawei, HiSilicon, Ericsson, Sierra Wireless, LG Electronics, Intel Corporation,Nokia, Nokia Shanghai Bell

For dedicated PUR in idle mode, the PUR resource configuration includes at least the following 
· number of RUs 
Supported by:  Ericsson, Sierra Wireless, Intel Corporation, Nokia, Nokia Shanghai Bell

For dedicated PUR in idle mode, the PUR resource configuration includes at least Rel 15 DMRS pattern assignment
Supported by:  Sierra Wireless, Lenovo, Motorola Mobility, Qualcomm, Nokia, Nokia Shanghai Bell

Further study the following proposals:
The PUR configuration includes at least the Application Response Time 
· Where the Application Response Time is the amount of time the UE continues to monitor the MPDCCH after the ACK is decoded 
· FFS: how eNB sets the Application Response Time
Supported by:  Sierra Wireless, Sequans Communications

PUR configuration update mechanisms
Issue:  Some companies have indicated that new efficient mechanisms should be considered to update some of the PUR parameters in the configuration specially to combat changing coverage and changing TA.  Mechanisms to efficiently update the following PUR parameters should be studied:
TA 
UE TX Power
Repetition
MCS
Time and frequency resources
Time offset 
Number of PUR allocations
Others not precluded. Whether the update is done in the DCI, Optimized RAR, or RRC can be at least considered.


For dedicated PUR in idle mode, when the TA is invalid and there is data to be transmitted, either Rel-13/Rel-14 random access procedures or Rel-15 EDT is used to transmit the data and update TA
Supported by:  Ericsson, Nokia, Nokia Shanghai Bell, Sierra Wireless, Samsung, LG Electronics


Further study the following proposals:
When the TA is invalid and there is data to be transmitted, a new simplified random access method is specified to update TA then data is sent on the pre-configured UL resource. 
Supported by:  Huawei, HiSilicon

The DCI carrying the PUR ACK shall include at least the following parameters
Ack Indication
Updated timing advance
Supported by: Nokia, Nokia Shanghai Bell, Sierra Wireless, Samsung

The DCI carrying the PUR ACK shall include at least the following parameters
Updated UE TX Power adjustment
Updated repetition
Supported by: Nokia, Nokia Shanghai Bell, Sierra Wireless

Power Control
Issue: Closed loop power control may be not available, especially for the UEs with infrequent transmissions. How power control will work still needs to be agreed. Some tdocs suggested that at least, open-loop power control can be used.
Further study the following proposals:

For CE mode A, accumulation mechanism of transmitting power can be supported during one PUR transmission procedure (including initial transmission and retransmission).
Supported by:  ZTE


Multi-TB Grant
Issue: It is the feature lead’s opinion the default position is that all features should work together unless otherwise stated. Thus, RAN1 does not need to make an agreement that Multi-TB grant is supported but could make an agreement that it is not supported if companies determine support Multi-TB grant is problematic 

Further study the following proposals:
In idle mode, dedicated PUR transmissions shall not support multi-TB grant
Supported by:  ZTE, LG Electronics

In idle mode, dedicated PUR transmissions shall support multi-TB grant
Supported by:  Nokia, Nokia Shanghai Bell

Wait until the MTBG feature and RAN2 PUR decisions have progressed further. 
Supported by:  Sierra Wireless
Connected mode support
Issue: The WID indicates “idle and/or connected mode”.  RAN1 needs to decide if connected mode is supported. 

PUR transmissions in connected mode should not be specified in Rel 16.
Supported by:  Sierra Wireless, Samsung, Sequans Communications, Nokia, Nokia Shanghai Bell

PUR transmissions in connected mode is supported.
Supported by: Intel Corporation

CFS PUR – Contention-free Shared PUR
Issue: CFS PUR is still FFS. It would be good to study what additional mechanisms will be needed to support CFS PUR beyond what is need for Dedicated PUR. For example, some tdocs suggest that a mechanism to assign a unique DMRS and scrambling pattern to a UE using CFS PUR is needed.

In idle mode, CFS PUR is supported 
FFS: whether explicit CFS PUR optimization (e.g. new DMRS patterns) are specified 
Supported by:  Nokia, Nokia Shanghai Bell, Sierra Wireless, Lenovo, Motorola Mobility, Samsung, Qualcomm, Intel Corporation

Study new DMRS design to reduce the probability of collision for CFS PUR
Supported by:  Qualcomm
CBS PUR – Contention-Based Shared PUR
Issue: CBS PUR has not been agreed but it would be good to study what additional mechanisms will be needed to support CBS PUR beyond what is need for Dedicated PUR. For example, a contention resolution mechanism is needed and different configuration mechanism. 

CBS PUR is not specified in Rel 16. 
Supported by:  Sierra Wireless, Lenovo, Motorola Mobility, Samsung

Further consider broadcast resources for CBS PUR 
Supported by:  Qualcomm

Appendix: LTE-M PUR Tdocs
R1-1901511 UL transmission in preconfigured resource Huawei, HiSilicon
R1-1901628 LTE-M Pre-configured UL Resources Design Considerations Sierra Wireless 
R1-1901738 Support for transmission in preconfigured UL resources in LTE-MTC Ericsson
R1-1901858 Support for transmission in preconfigured UL resources for MTC ZTE
R1-1901954 Transmission in preconfigured UL resources Nokia, Nokia Shanghai Bell
R1-1902056 Discussion on preconfigured UL resources in MTC LG Electronics
R1-1902146 UL transmission in preconfigured resources for eMTC Lenovo, Motorola Mobility
R1-1902192 Considerations in using PUR Sony
R1-1902210 Discussion on transmission in preconfigured UL resources for MTC Samsung
R1-1902367 Support for transmission in preconfigured UL resources Qualcomm Incorporated
R1-1902451 UL transmission in preconfigured resources for eMTC Intel Corporation
R1-1902552 Consideration for preconfigured uplink resources (PUR) Sequans Communications
R1-1902776 Discussion on preconfigured UL resources in MTC NTT DOCOMO, INC.

Appendix: Aggreements
RAN1 #95
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

The following evaluation parameters for CFS PUR link level simulation are agreed.
	Parameter
	Value/Description

	Channel model
	ETU 1Hz

	Resource Bandwidth(s)
	1, 2, 3 or 6 PRBs (contiguous) for eMTC
Proponent to provide details on resource allocation
Same bandwidth for all UEs

	Traffic Pattern
	Fixed (N UEs transmit in the same resource) or
(Optional) Bursty (N UEs may transmit in the same resource, with activity factor p for each of them)
Note: For all traffic models, it is assumed that a UEhas a dedicated DMRS
Note: Final decision can be based on the results for both fixed and bursty traffic model

	Number of repetitions in a resource
	To be declared by proponent

	Transport Block Size and Modulation Order
	To be declared by proponent

	Number of eNB Rx antennas
	2 as baseline, other values are not precluded

	Metrics
	BLER before HARQ
Number of resources (PRB x subframes) used by the technique to serve a given number of UEs
Baseline for comparison is dedicated PUR

	MCL
	164, 144, 124dB MCL

	UE grouping
	All UEs in the same MCL level.

	Processing Receiver at eNB
	No SIC/joint decoding of UEs is assumed.
MMSE single user decoding. Not NOMA.

	DMRS collision
	Each company to provide details on their DMRS assumption

	Channel Estimation
CFO
Timing Error
Power Imbalance
	Realistic
Uniform +/-50 Hz, +/-100 Hz (optional)
+/-0.5 CP uniform, +/-1 CP uniform (optional)
Uniform +/-[5 or 10] dB


The evaluated proposals should be within the scope of the eMTC WI.

If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 
· FFS: if multi-TB grant is enabled/supported

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 RSRP changes (serving cell refers the cell that the UE is camping on)
· Based on RSRP measurement definition in existing Rel-15 TS36.214
Include in LS to RAN2, RAN4 to consider in their work. 

The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for idle mode 
· Serving cell RSRP 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

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. 

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

For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.

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 MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 
Include in LS to RAN2, RAN4.


RAN1#94bis
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 RSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell RSRP 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

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

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

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

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

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


Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.
RAN1 #94
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

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

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.

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.


