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Introduction
The following tdoc provides a summary of the LTE-M PUR open issues, company positions and proposals for RAN1 #95. 
[bookmark: _GoBack]TA Validation
The following agrement was made in 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

How the attributes are used
Issue: How the UE is to use the agree upon attributes (e.g. atribute exceeds a thresholds then X happens) has not been agreed. How this mechanim is configured, and if other attributes should be included also still needs to be agreed. 
The UE is signalled which of the supported TA validation attributes to use.
Supported by:	Ericsson, Sierra Wireless

The UE considers the TA as invalid if the serving cell changes
Supported by:	Sierra Wireless, ZTE

The UE considers the TA as invalid if the (current time – time at last TA update) > TA Time Alignment Timer
FFS: Time Alignment Timer configuration
Supported by:	Sierra Wireless

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 
Supported by:	Sierra Wireless


Issue: Given that PUR configurations are may be allocated on the serving cell, whether the UE considered the PUR configuration invalid when the TA is invalid is open. 
When the TA is Invalid, the UE shall consider the PUR configuration invalid z.
Supported by:	Sierra Wireless, Sony, ZTE

Several tdocs discussed the need for parameters and values which the UEs need to store which include the following:
Last valid TA
TA Time Alignment Timer
Time of last TA update
TA RSRP Threshold
RSRP at time of last TA update
Some companies suggest RAN1 should send LS to RAN2 to consider enabling idle mode UEs to store these values. 
Other Attributes
Issue: Which other attributes might also be used by the UE for TA validation is still open.
The following additional attributes are support by the following companies
Neighbour cell RSRP change: Sierra Wireless, Huawei, HiSilicon 
TDOA of >=2 eNBs: 
TA History:
Subscription based UE differentiation: Ericsson (stationary indication), ZTE
Small cell indication: Sierra Wireless, Ericsson

Given the above support, the feature lead proposes the following:
In idle mode, the UE shall support at least the following attributes when validating TA (combination of multiple attributes is allowed):
· Subscription based UE differentiation (or Stationary indication??)
· Small cell indication
· Neighbour cell RSRP change
· FFS: how the UE uses the attributes to validate TA
· FFS: how the attributes are configured and enabled by eNB

Dedicated PUR Issues
Support for dedicated PUR has been agreed but there are still many open issues. 
Skip Transmissions
Issue:  If a UE is mandated to transmit on every PUR even if the UE has no data or if it can “skip” transmissions is an open issue.

For dedicated PUR in idle mode, the UE may skip UL transmissions. 
Supported by:	Sierra Wireless, LG, Nokia, NSB, Samsung, Ericsson (together with implicit de-allocation

For dedicated PUR in idle mode, skipping UL transmission is enabled or disabled by eNB configuration.
Supported by:	LG
Implicit De-allocation
Issue: If UE is allowed to skip transmissions, a clean-up mechanism to deallocate stale PUR allocation may be needed (similar to SPS). This is may be needed because a UE that goes out of coverage, breaks, or lose power will not be able to release the allocation explicitly.
For dedicated PUR in idle mode, the PUR resources shall be de-allocated in case of multiple PUR failures. 
Supported by:	Sierra Wireless, Ericsson (~“PUR retrieve resource timer”), Nokia, NSB(“inactive counter”), Samsung(“validation period”), LGE

HARQ 
The following was agreed WRT to HARQS:
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
HARQ processes per PUR allocation
Issue: How many HARQ processes per PUR allocation are supported?

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 by:	Sierra Wireless, Ericsson, Intel, ZTE, Qualcomm
Number of PUR allocations and HARQ processes
Issue:  How many PUR allocations and HARQ processes should be supported for each UE? 

For dedicated PUR In IDLE mode, each UE can be configured to support multiple TBS transmissions supported by multiple HARQ processes.
Supported by:	Sierra Wireless, Huawei, HiSilicon, Nokia, NSB

The maximum number of allocated UL HARQ processes for PUR is the same as defined in connected mode. 
Supported by:	Huawei, HiSilicon

For dedicated PUR In IDLE mode, more than one HARQ process is not supported.
Supported by:	Samsung
PUR Search Space
Issue: The design of the corresponding MPDCCH search space including what RNTI should the UE listen for to recieve ACK/NACK, UL grant, or DL grant for RLC ACK and the search spaces configuration is open.

For dedicated PUR in idle mode, a UE-specific PUR search space is configured
Supported by:	Sierra Wireless, ZTE, Sony, Nokia, NSB, Samsung

For dedicated PUR in idle mode, a UE is signalled a RNTI for use with the UE-specific PUR search space.
FFS whether the RNTI is explicitly signaled or implicit derived based on other signalling
Supported by:	Sierra Wireless, Sony, Nokia, NSB, Samsung
Explicte ACK, NACK, UL Grants
Issue #3:  It is FFS if ACKS will be sent. Normally, ACKS are not sent for UL transmissions but with PUR it may make sense to send ACKS. Also open is whether a UL grant will be sent as an explicit NACK.

On successful decoding of a PUR transmission, the UE can expect an explicit ACK on MPDCCH in the PUR search space.
Supported by:	Sierra Wireless, Sony, ZTE, Samsung, LGE

On unsuccessful decoding of a PUR transmission, a UE can expect either
an UL GRANT with NDI=false on MPDCCH in the PUR search space, or  
nothing in the PUR search spaces within the configured “HARQ Feedback Timeout”.
Supported by:	Sierra Wireless, Sony, ZTE, LGE

Fallback 
It was agreed that fallback is supported:
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.
But many open issues remain.
Issue #1: When does the UE fallback to legacy RACH procedures? The following events may cause the UE to fallback to legacy RA procedures:
· Invalid TA
· No eNB response to PUR transmission
· >X HARQ retransmission failures
· Directly signaled by Network 

For PUR transmissions when the TA is Invalid, the UE will use fallback mechanism to send data
Supported by:	Sierra Wireless, Sony, ZTE, Ericsson, Qualcomm

[bookmark: _Hlk529787413]For PUR transmissions when neither an ACK nor an UL grant in response to PUR transmission is detected by UE, the UE will use the fallback mechanism or wait for next PUR to send data 
Supported by:	Sierra Wireless, Sony

For PUR transmissions when the UE is directly signalled by eNB to use the fallback mechanism, the UE will use the fallback mechanism to send data 
FFS: how the UE is signaled to use the fallback mechanism
Supported by:	Sierra Wireless, ZTE, Qualcomm
Update mechanisms
Issue:  Some companies have indicated that new mechanisms should be considered to update some of the PUR parameters specially to combat changing coverage and changing TA. Mechanisms to dynamically and efficiently update the following PUR parameters should be studied:
TA 
UE TX Power
Repetition
MCS
Time and frequency resources
Others not precluded.

DCI after PUR: One solution proposed by several companies is to update the PUR attributes in the DCI carrying the ACK sent after the PUR transmission.
The DCI carrying the PUR ACK can include PUR configuration updates including at least:
Updated timing advance
FFS: whether the updates are transmitted over PDSCH or DCI
FFS: if it also may include
Updated UE TX Power, and
Updated repetition, and
Updated frequency resource
Updated time offset
PUR release
DL grant
Others are not precluded 
Supported by:	Sierra Wireless, ZTE, Samsung, Qualcomm
Configuration
WRT to configuration the following agreement was made:
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria
There are still several open issues.
UE request
Issue: What parameters the UE provides in the PUR request is open: TBS, periodicity and time offset for the period have been suggested.

A UE shall request dedicate PUR via RRC signalling in connected mode where the UE’s PUR request will include at least the following parameters:
TBS FFS: range of TBS
Period FFS: range 
Time offset FFS: resolution 
Supported by:	Sierra Wireless
Could be handled by RAN2.
Parameters
Issue: The list of parameters which need to be configured for each PUR has not yet been agreed. Based on tdocs the following parameters have been suggested:
the TBS, 
the time/frequency resources, 
the number of repetitions, 
the MSC format,
a frequency hopping indication, 
pre-configured RNTI
power control parameters
DMRS assignment
Scrambling code
UE specific TA validity period update

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

A starting point would be to copy the NB-IOT agreement:
The PUR configuration includes at least the following 
Time domain resources including periodicity(s) 
Frequency domain resources
TBS(s)/MCS(s)
Supported by:	Sierra Wireless, Ericsson, Huawei, HiSilicon, Intel, Qualcomm

Bases on submitted tdocs, the following companies support the following parameters
Number of repetitions: Sierra Wireless, Ericsson, Huawei, HiSilicon, Intel
Number of RUs: Sierra Wireless, Ericsson, Huawei, HiSilicon, Intel 
HARQ ID: Sierra Wireless
frequency hopping indication:  Sierra Wireless, Huawei, HiSilicon
RNTI: Sierra Wireless, Sony, Nokia, NSB
Power Control: Ericsson, Sierra Wireless, Huawei, HiSilicon, Intel
DMRS pattern:  Qualcomm, Intel

Based on above support, the feature lead suggests the following proposal:
The PUR configuration includes at least the following 
Number of repetitions
Number of RUs (sub-PRB only)
frequency hopping indication
RNTI
Power control parameters: FFS details
Multiplexing
Issue: Sub-PRB – should SUB-PRB be supported with PUR.

[bookmark: _Toc528945207][bookmark: _Hlk528915670]Multiplexing UEs across different “time-frequency” PUR resources created by sub-PRB allocation is supported.
Supported by:	Ericsson, Sierra Wireless, Intel
No need to make this agreement because by default sub-PRB is supported unless otherwise agreed.

Other issues related to multiplexing which were brought up in tdocs:
Issue: Periodicity range - How would periods greater than HSFN (2.91hours) be supported?
Issue: Time multiplexing – should periods be powers of 2 so they do not slide over each other? 

One suggestion was to send LS to RAN2 for them to decide 
Send LS to RAN2 for them to study Periodicity range and quantization (e.g. power of 2)
Supported by:	Ericsson, Sierra Wireless
No need to send LS as RAN2 can look at this without an LS
Charging
Issue: If the UE skips transmission or sends zero padded TBS, it is open whether the UE should be charged for the data. 

Send LS to RAN3 for them to specify charging for PUR and make them aware the UE may skip PUR allocations.
Supported by:	Sierra Wireless

This issue needs more offline discussion.
Update Invalid TA via Simple RACH Procedure
Issue: As an optimization to using legacy RACH/EDT, some companies propose to update the invalid TA by specify a new RACH Procedure. 

A UE-specific PRACH resource is assigned to each UE where the eNB can then update TA in an optimized RAR when it detects the UE-specific PRACH. 
FFS: How to assign UE specific PRACH
FFS: Search space for RAR including RNTI
Supported by:	Sony, ZTE

Only legacy RACH or EDT mechanisms can be used to update an invalidated TA.
Supported by:	Ericsson, Samsung, Sierra Wireless

With the diverging views, this issue needs more offline discussion.
Connected mode support
The WID indicates “idle and/or connected mode”. RAN1 already has an agreement that idle mode supported 
Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
RAN1 needs to decide if connected mode is supported. 

Pre-configured UL resource transmissions in connected mode should not be supported.
Supported by:	Sierra Wireless, Samsung

Pre-configured UL resource transmissions in connected mode should be deprioritized.
Supported by:	Sierra Wireless

Pre-configured UL resource transmissions in connected mode should be supported.
Supported by:	Intel

With the diverging views, this issue needs more offline discussion.

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.

Based on tdocs the following summary of possible enhancements are:
CDMA
RE based CDMA with orthogonal codes (e.g., binary Walsh code tree) 
Possible power control to deal with the near-far problem 
Study efficacy under different carrier frequency offsets (CFO)
MU-MIMO
Introduce unique DMRS(s) and scrambling codes. 
More DMRS patterns maybe added 
Study efficacy due to near-far problem

In idle mode, CFS PUR is supported
Supporting Companies: Qualcomm, Intel, Nokia, NSB

With the diverging views, this issue needs more offline discussion.
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. 

Based on tdoc, at least the following additional mechanisms would be needed to support CBS PUR:
A mechanism to broadcasted PUR pools
A mechanism for contention resolution 
A mechanism for eNB to grant/deny access to a PUR pool
Study the number of UEs vs collision rates

CBS PUR should be prioritized over CFS PUR
Supported by: 	NTT Docomo

In idle mode, CBS PUR is supported
Supporting Companies: Qualcomm, Intel, Nokia, NSB, NTT Docomo

In idle mode, CBS PUR is not supported
Supporting Companies: Samsung, LGE

With the diverging views, this issue needs more offline discussion.

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

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.

RAN2 #103Bis
Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.
Initially we will focus on dedicated preconfigured uplink resources in idle mode
· Shared resources can also be discussed

Submitted tdocs to PUR agenda item in RAN#1 meeting #95
R1-1813292 Discussion on preconfigured UL resources in MTC NTT DOCOMO, INC.
R1-1812724 LTE-M Pre-configured UL Resources Design Considerations  Sierra Wireless, S.A.
R1-1812120 Support for transmission in preconfigured UL resources in LTE-MTC Ericsson
R1-1813039 Support for transmission in preconfigured UL resources Qualcomm Incorporate
R1-1812142 UL transmission in preconfigured resource Huawei, HiSilicon
R1-1812455 UL transmission in preconfigured resources for eMTC Intel Corporation
R1-1812528 Discussion on preconfigured UL resources in MTC LG Electronics
R1-1812754 Considerations on Pre-configured Uplink Resource Sony
R1-1812765 Support for transmission in preconfigured UL resources for MTC ZTE
R1-1812904 Transmission in preconfigured UL resources Nokia, Nokia Shanghai Bell
R1-1812940 Discussion on transmission in preconfigured UL resources for MTC Samsung
