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Introduction
The following tdoc provides a summary of the LTE-M PUR open issues, company positions and proposals for RAN1 #96bis. 

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.

PUR updates after PUR transmission 
The following agreement was made WRT to what and how PUR parameters and configurations could be updated after a PUR transmission: 
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 PUSCH
[bookmark: _Hlk3803257]FFS: Whether the above update is done in L1 and/or higher layer

Issue: Whether the updates should be made using L1 and/or higher layer is open. Some factors to consider:
Network resources
UE power consumption
Security
Specification and implementation impact
Impact on the DCI size
L2/L3 ACK

Company positions:
Ericsson[1] proposed that PUR re-configuration, parameters can only be re-configured via higher layers.
Qualcomm[9], LG,  proposed to wait for RAN2. 
Sequans[12] proposed to signal whether there is another DCI message to follow using L1 DCI.
The 11 companies proposed that it should be possible to update some parameters via L1 DCI.

Given the large majority to support for L1 DCI information, the following proposal is made:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
FFS which PUR configurations and PUR parameters will be signaled via L1
Supporting Companies: Sierra Wireless[2], Huawei[3], HiSilicon[3], Nokia[4], Nokia Shanghai Bell[4], Sony[5], ZTE[7], Samsung[8], Lenovo[10], Motorola Mobility[10], Sequans[12]
Explicit NACK
The following agreements have been made WRT to HARQ feedback:
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 that HARQ will not be performed and to fallback to legacy RACH/EDT to send data. Whether an explicit NACK is specified is an open RAN1 issue. 

Company Positions:
Support explicit NACK:  	Huawei[3], HiSilicon[3], Nokia[4], Nokia Shanghai Bell[4], ZTE[7], Lenovo[10], Motorola Mobility[10], LG[11]
Explicit NACK not needed:  	Ericsson[1], Intel[6], NTT DOCOMO[14], Sequans

Conclusion: No consensus. 

L1 RNTI Requirements
Issue: The physical layer RNTI requirements have not been agreed.  If the UE can assume the RNTI is shared or unique is open. Factors for consideration:
UE power consumption
Network resources
Contention resolution
RNTI-Type
Note: If the RNTI is shared, it is unclear how the UL Grant used for HARQ would not have contention.

During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI that can be assumed by the UE not to be shared with other UEs.
FFS if the UE monitors any additional RNTI which may be shared with other UEs.
Note: it is up to RAN2 to decide how the RNTI is signaled to UE or derived
Supporting Companies: Sierra Wireless[2], Nokia[4], Nokia Shanghai Bell[4], Intel[6], ZTE[7], Qualcomm[9], Lenovo[10], Motorola Mobility[10], LG[11]

Start and Duration of Search Space
Issue:  Similar to a random-access response in legacy random access procedure, the UE will need to monitor the PUR search spaces for a certain duration or window of time and if the UE doesn’t decode a PUR ACK or UL grant within this duration, the UE can assume the PUR transmission failed. This duration should be as short as possible to reduce UE power and to reduce message latency when PUR transmission fails.  Whether the duration and/or starting position is fixed in specification or configurable is an open issue. 

[bookmark: _Hlk5443585]The PUR search space configuration includes at least the following: 
Duration of PUR search space
Starting position of PUR search space 
[bookmark: _Hlk5703661]FFS: if position is relative or absolute
Note: it is up to RAN2 to decide on value(s) of duration and starting position
Supporting Companies: Sierra Wireless[2], ZTE[7], LG[11]


Power control PUR configuration
Issue: Details of the what power control parameters should be included in PUR configuration is open.
The power control parameters within the PUR configuration, shall at least include:
Target UL power level for the PUR transmission
Supporting Companies: Ericsson[1], Sierra Wireless[2]

Legacy DRMS pattern PUR configuration
It was agreed that the PUR configuration shall include 
· Legacy DMRS pattern

Issue: How the legacy DMRS pattern is configured is open.
[bookmark: _Hlk5702857]For full PRB allocations, the legacy DMRS pattern in the PUR configuration is one of the eight cyclicShift values defined in TS 36.211 in table 5.5.2.1.1-2. 
FFS on OCC
For 6 tone subPRB allocation, the legacy DMRS pattern in the PUR configuration is one of the four cyclicShift values defined in TS 36.211 in table Table 5.5.2.1A.1-3
For 3 tone subPRB allocation, the legacy DMRS pattern in the PUR configuration is one of the three cyclicShift values defined in TS 36.211 in table Table 5.5.2.1A.1-3
For 2 of 3 tone subPRB allocation, there is no DMRS pattern configuration.
Supporting Companies: Sierra Wireless[2], Qualcomm[9]
CFS PUR – Contention-free Shared PUR
Issue: Support for CFS PUR is open. 

In idle mode, CFS PUR is specified when PUSCH repeats > X are allocated
FFS: value of X 
Supporting Companies: Sierra Wireless[2], Nokia[4], Nokia Shanghai Bell[4], Intel[6], Samsung[8], Qualcomm[9], Lenovo[10], Motorola Mobility[10]

TA Validation Timing
Issue: The TA validity test should be performed near the upcoming PUR transmission opportunity, this way if TA validation is successful, the TA most likely will remain valid as the UE would not move far within this time. This time would need to consider 
The time needed to make an accurate RSRP measurement. 
The maximum speed of UEs using PUR e.g. 20km/h travels 5.5m per second
Whether UE should go into connected mode before PUR allocation (so eNB knows the UE would not use PUR allocation) 

Company positions:
Ericsson[1] proposed 1 ms – to be confirmed by RAN4.
Sierra Wireless[2], ZTE feels a much larger number is appropriate ~1 second - to be confirmed by RAN4. This allows the UE time initiate EDT or legacy RACH before PUR allocation so PUR allocation is not wasted.
ZTE[7] feel a value should be specified
Huawei[3], HiSilicon[3] feels this can be left for UE implementation

Conclusion: No consensus. More study is needed.
Invalid TA Procedures
The following agreement was made WRT to what procedure the UE shall follow when the TA is invalid:
[bookmark: _Hlk2952825][bookmark: _Hlk3233793]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

Issue: FFS whether additional mechanisms beyond using legacy RACH or EDT need to be specified. 

Company positions:
No further mechanisms need to be specified: Ericsson[1], Sierra Wireless[2], 
Non-contention based  RACH access procedure (legacy or new , details FFS) should be supported: ZTE[7] , Huawei[3], HiSilicon[3]
Support early termination of RACH procedure: LG[11], Huawei[3], HiSilicon[3]

Conclusion: No consensus. 
Multi-TB Grant
Issue: It is the feature lead’s opinion that 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 

Company Positions:
No support for multi-TB grant:  Ericsson[1], Lenovo[10], Motorola Mobility[10]
Wait until the MTBG feature has progressed further: Sierra Wireless[2]

Conclusion: No consensus. 
Connected Mode Support
Issue: The WID indicates “idle and/or connected mode”.  RAN1 needs to decide if connected mode is supported. 

Company Positions:
Connected mode should not be specified:  Sierra Wireless[2], Samsung[8]
Connected mode should be specified:  Intel[6]

Conclusion: No consensus. 
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. 

Company Positions:
CBS PUR is not specified in Rel 16:  Sierra Wireless[2], Samsung[8], Lenovo[10], Motorola Mobility[10]
Further consider CBS PUR: Qualcomm[9], NTT DOCOMO[14]

Conclusion: No consensus. 
Other topics
The following other topics and open issues were discussed in tdocs submitted to RAN1 #96bis and should be further studied at the next RAN1 meeting:
Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period [1].
DCI Scrambling: Nokia[4], Nokia Shanghai Bell[4], Qualcomm[9] 
Search Space repeat range: ZTE[7]
PUR search space collisions with Paging CSS: ZTE[7]
Open loop power control: ZTE[7]
Usage or RSRP for TA validation: Huawei[3], Sierra Wireless[2], Sony[5], ZTE[7]
Appendix I: LTE-M PUR Tdocs
R1-1903883 Support for transmission in preconfigured UL resources in LTE-MTC Ericsson
R1-1903905 LTE-M Pre-configured UL Resources Design Considerations Sierra Wireless, S.A.
R1-1903918 UL transmission in preconfigured resource Huawei, HiSilicon
R1-1904168 Transmission in preconfigured UL resources Nokia, Nokia Shanghai Bell
R1-1904230 Considerations in using PUR Sony
R1-1904265 UL transmission in preconfigured resources for eMTC Intel Corporation
R1-1904343 Support for transmission in preconfigured UL resources for MTC ZTE
R1-1904375 Discussion on transmission in preconfigured UL resources for MTC Samsung
R1-1904518 Support for transmission in preconfigured UL resources Qualcomm Incorporated
R1-1904566 UL transmission in preconfigured resources for eMTC Lenovo, Motorola Mobility
R1-1904606 Discussion on preconfigured UL resources in MTC LG Electronics
R1-1904747 Consideration for preconfigured uplink resources (PUR) Sequans Communications
R1-1904905 Discussion on LTE-M PUR resource configuration in respect to radio condition ASUSTEK COMPUTER (SHANGHAI)
R1-1904940 Discussion on preconfigured UL resources in MTC NTT DOCOMO, INC.
Appendix II: Agreements
RAN1 #96
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  

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

For dedicated PUR in idle mode, the Dedicated PUR ACK is at least sent on MPDCCH 
· RAN2 can decide if a higher layer PUR ACK is also supported

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 MPDCCH
· FFS: Whether PUR search space is common or UE specific

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

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.


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

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 PUSCH
FFS: Whether the above update is done in L1 and/or higher layer

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

For dedicated PUR in idle mode, the PUR resource configuration includes at least the following 
· A PUSCH frequency hopping indication to enable or disable legacy frequency hopping

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

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 UE has 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.


