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Introduction
The following tdoc provides a summary of the LTE-M PUR open issues, company positions and proposals for RAN1 #98. 

Definitions
The following definitions are used within 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 Parameter: 	A parameter which may not be included in the PUR configuration: Timing Advance
PUR Allocation: 	A single time/frequency D-PUR resource allocation.
PUR SS Window: 	The time period associated with a PUR allocation where the UE monitors the MPDCCH.


PUR L1 ACK 
PUR L1 ACK  Information
The following agreements has been made in RAN1 last meeting related to information in L1 ACK:
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
PUSCH repetition adjustment
Indication of PUR SS monitoring termination
Flag to indicate L1 ACK
None of the above (i.e. the legacy L1 ACK will be reused)
Note: No new indications will be considered.

Support for each item is indicated below:
Timing advance adjustment: 
Support(11): Sierra Wireless,  Ericsson, Huawei, Motorola, Nokia, ZTE, Samsung,  Intel, Qualcomm, Sony, NTT DOCOMO
UE TX power adjustment: 
Support(8): Sierra Wireless,  Huawei, Motorola, Nokia, ZTE, Intel, LG, NTT DOCOMO, Sequans
PUSCH repetition adjustment
Support(9): Sierra Wireless,  Huawei, Motorola, Nokia, ZTE, Intel, Qualcomm, Sony, NTT DOCOMO
Indication of PUR SS monitoring termination
Support(3): Huawei, Nokia, NTT DOCOMO
Note: Several companies (Sierra Wireless, Ericsson, Motorola, ZTE, Intel, LG) want the L1 ACK to always indicate the UE should stop monitoring PUR SS. There is a related RAN2 agreement:
[bookmark: _Hlk21957698]If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle
Flag to indicate L1 ACK:
Support ACK indication (7): Sierra Wireless,  Huawei, Nokia, ZTE, Qualcomm, Sony, Sequans
Support PUR transmission is successful and that the UE may continue to monitor the PUR SS after a non-zero gap(2): Huawei, ZTE,[NTT DOCOMO],[Nokia]
Support for Fall-back to EDT or RACH indication – already agreed in NB-IOT
None of the above:
Support: Sequans, LG

Based on the above support, the following proposal is made:

The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:
PUSCH repetition adjustment
[bookmark: _GoBack]FFS: 2 step down, no adjustment, 1 step up

DCI Design
Issue:  If new information is given in the PUR L1 Ack, then a new L1 ACK DCI is needed. 

Options:
#1  The NDI field in format 6-0A/B indicates if the DCI is a L1 PUR ACK or an UL Grant
Supported by: Sierra Wireless, Huawei, 
#2  RB assignment field=1, HARQ ID indicates TA, all other fields but DCI SF repeats=0
Supported by: Ericsson, 
	Note: it’s unclear how other fields would be indicated.

This depends how much information is included in L1 PUR ACK.  Since option 1 works even if more that TA is include, the following proposal is made: 

The NDI field in format 6-0A/B indicates if the DCI is a L1 PUR ACK DCI or an UL Grant DCI
Support for early termination
Issue: The following agreement was made:
For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 
FFS whether/when the UE is monitoring for early termination during the PUR transmission

Support early termination: Ericsson, Huawei, LG, Xiaomi, Sierra Wireless
Do no support early termination: Intel

Since RAN should strive for feature compatibility whenever possible and given the specification changes need to support early termination is minimal, the FL proposes to support early termination: 

[bookmark: _Toc21094613]For FD-FDD/TDD UEs with the Early Transmission Feature enabled, the start of the PUR SS Window is the start of the PUR transmission otherwise the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
UE/eNB Synchronization Issue
Issue: RAN2 has agreed that the allowed number of skipped PUR transmission is configurable and after this number is exceed, the PUR configuration is implicitly released. If the eNB erroneously misses the detection of PUR transmission, the eNB will erroneously increment the missed PUR count where the UE would not, which will lead to a synchronization issue where the UE will erroneously transmit on a release PUR configuration. Part of the solution was decided last meeting where the UE SHALL initiate an EDT or legacy RACH procedure after it receives nothing after a PUR transmission:
After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
· FFS: Details on time period
But the above agreement is only part of the solution – the rest still needs to be defined. Also note, that if it is agreed to include information in the L1 ACK, this synchronization issue also applies and needs to be solved.


After transmission on PUR, if nothing is received by the UE in a time period, the UE shall NOT initiate any PUR transmissions until a PUR re-synchronization procedure is complete:
The PUR Re-synchronization occurs in RRC connected mode.
The parameters and detailed procedures for PUR re-synchronized are left for RAN2 to decide
Supported by: Sierra Wireless, Motorola
No UL data procedure
Issue: It has been agreed that a UE may skip PUR transmission when it has no UL data but only to a limited number of PUR transmission maybe skipped. The procedure the UE follows if it has skipped the maximum number of PUR allocations or the eNB has disabled skipping has not yet been agreed.


When the UE has no UL data to transmit on PUR, a predefined block of bits maybe  transmitted on the PUR allocation which will not be considered as a skipped transmission by the UE nor eNB if detected. 
FFS: the predefined block of bits

Repetition Configuration 
Issue: How the UE interprets the repetition field in UL grants and DL grants after the initial PUR transmission is FFS.  In legacy connected mode, the cell specific (pdsch/pusch)-maxNumRepetitionCEmode(A/B) parameters in SIB2 are used but this has not yet been agreed for PUR.
PDSCH
Option 1: 
Legacy cell specific pdsch-maxNumRepetitionCEmodeA/B is used to interpret the PDSCH repeat field in DL grant using legacy procedures
Supporting companies: Sierra Wireless

Option 2: 
Max number of repeats is included in PUR configuration which is used to interpret the PDSCH repeat field in UL grant
Supporting companies: Qualcomm

Try to agree on legacy operation.

PUSCH 
Option 1: 
Legacy cell specific pusch-maxNumRepetitionCEmodeA/B is used to interpret the PUSCH repeat field in DL grant using legacy procedures
Supporting companies: Sierra Wireless

Option 2: 
PUR PUSCH repeats is used to interpret the repeat field in UL grant
Details of procedure are FFS
Supporting companies: Qualcomm

Try to agree on legacy operation.
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Appendix II: Agreements
RAN1 #98
The following WA is confirmed:
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
· FFS: Definition of PUR configurations and PUR parameters

The following WA is confirmed:
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.

The PUR (re)configuration explicitly signals the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages).

For dedicated PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k

For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 
· FFS whether/when the UE is monitoring for early termination during the PUR transmission 

After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.
· FFS: Details on time period

RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
PUSCH repetition adjustment
[bookmark: _Hlk16600562]Indication of PUR SS monitoring termination
Flag to indicate L1 ACK
None of the above (i.e. the legacy L1 ACK will be reused)
Note: No new indications will be considered.

For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).
· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)
For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power
· FFS for CE mode B
· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission
· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

After data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH

Working assumption 
For eMTC full PRB allocation, for PUR with R>= [64 or 128] repetitions:
· Allow for UE-specific cyclic shift ([2 or 4 or 8] cyclic shifts) for DMRS.
· The number of PRBs that can be allocated to a UE are the same as in legacy (e.g., max 2PRBs can be allocated to a UE in CE Mode B)
· For PUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.


RAN1 #97
For a given UE, for dedicated PUR in idle mode and for a given CE mode, the same size DCI, the same PUR M-PDCCH candidates, and the same RNTI is used for all DCI messages for unicast transmissions.

For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
FFS: Value of x, and if x is fixed or signaled 
FFS: FD-FDD UEs, TDD UEs
FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the MPDCCH for at least a time period after a PUR transmission

For dedicated PUR in idle mode, 
The maximum mPDDCH repetitions, rmax-mPDCCH-PUR, is included in the PUR configuration

For dedicated PUR in idle mode, the duration of the PUR SS window is configured by eNB
How the duration is configured, and the possible values, will be decided by RAN2.

For dedicated PUR in idle mode, the CE mode is 
Option 1: explicitly configured in the PUR configuration.
Option2: based on CE mode of last connection
Down select in RAN1#98

Select one of the following in RAN1#98
· Alt1: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs
· Alt2: In idle mode, the PUR search space PRB pairs is fixed to 2+4 PRBs

For dedicated PUR in idle mode, if a UE skips a PUR transmission, it is not mandated to monitor the associated PUR SS window


RAN1 #96bis
Working Assumption#1
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
· FFS: Definition of PUR configurations and PUR parameters
The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

Working Assumption#2
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources
Send an LS to RAN2 to include two above working assumptions. Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed.

The UE monitors the MPDCCH for at least a time period after a PUR transmission 
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in the time period
· FFS: If and how often UE monitors MPDCCH after a PUR allocation in which it has not transmitted

The value(s) of RSRP threshold(s) is UE specific

The power control parameters within the PUR configuration, shall at least include:
· Target UL power level (P_0) for the PUR transmission

For dedicated PUR in idle mode, the PUR configuration is configured by UE-specific RRC signaling.

RAN1 #96
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
Conclusion 1: Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
Conclusion 2: 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
Conclusion 3: 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 
Conclusion 4: 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.
Conclusion 5: PUR search space is the search space where UE monitors for MPDCCH
Conclusion 6: 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.
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