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1. Introduction

In the RAN #80 meeting, Rel-16 MTC enhancements for LTE was approved as a work item. According to [1], improved UL transmission efficiency and/or UE power consumption should be considered in Rel-16 MTC enhancements for LTE as follows
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
In the RAN1 #95 meeting, following agreements on preconfigured UL resources were made [2]:
	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

The following evaluation parameters for CFS PUR link level simulation are agreed.
Refer to [2] for details of evaluation parameters.
The evaluated proposals should be within the scope of the eMTC WI.

Agreement
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
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 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. 

Agreement

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

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, UL grant for HARQ retransmission is transmitted in MPDCCH search space

· FFS: Details on the search space (for example USS, CSS)

Agreement

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.

Agreement

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.


In this contribution, we discuss open issues for preconfigured UL resources in idle mode for Rel-16 MTC enhancement for LTE. 
2. Discussion

2.1. TA validation
In the RAN1 #95 meeting, TA validation attributes have been agreed. However, details on how those attributes are (jointly) used to for TA validation has yet to be discussed. One example, as pointed out in [3], is how the serving-cell RSRP changes are derived and how to set the threshold for TA validation. In this section, details on how the serving-cell RSRP is to be measured is discussed. 

The serving-cell RSRP change is derived by subtracting the reference value, called R value, from the test value, called T value. One of the questions to be answered for clarification is how the R value and the T value are obtained. The natural choice of initial R value is the latest value available when D-PUR is configured. And the follow-up question may be whether the initial value is updated every time TA is updated or not. If it is not updated, then the initial R value is used until D-PUR is released maybe because of the TA getting invalid. The next question is how to determine the timing from which the T value is derived. The natural choice of the T value should be the latest measured serving-cell RSRP value from the UL transmission in D-PUR. If the serving-cell RSRP measurement based on the RRM requirement can take the place of the latest measurement, it can be the T value. 
Proposal 1: When serving-cell RSRP change is measured for TA validation, the serving-cell RSRP change is derived by subtracting the reference value R from the test value T, the reference value R is 

· Opt.1 the latest measured serving-cell RSRP value from the time when D-PUR is configured

· Opt.2 the latest measured serving-cell RSRP value from the latest TA update timing

· FFS whether to support that eNB dynamically updates the reference value e.g., via 1-bit update flag or a state in DCI, etc.

The test value T is the latest measured serving-cell RSRP value from the UL transmission in D-PUR

· The latest measured serving-cell RSRP value can be the serving-cell RSRP measurement value based on RRM requirement

The TA alignment timer for idle mode is used for TA validation. It is initialized at the time of D-PUR configuration. The initialization value can be either 0 or the count value the TA timer for connected mode. And the timer can be reinitialized every time the TA is updated. Whether to support initialization by eNB can be further discussed. 
Proposal 2: TA alignment timer for idle mode for TA validation is initialized at the time of D-PUR configuration.
TA alignment timer for idle mode for TA validation is reinitialized when TA is updated.

The TA can be updated by eNB based on the UL signal(s) and/or channel(s) from which TA information is acquired at the eNB. Once the TA estimate is acquired and the update is needed, the eNB feedback TA information to the UE e.g., via PDSCH transmission containing MAC CE containing only TA command. An eNB can acquire the TA information using UL transmissions in D-PUR. Or, eNB can configure UL transmission resource(s) outside D-PUR for UL transmission for TA information acquisition. The UL transmission resource(s) outside D-PUR can be RACH resource(s) if the UL transmission for TA information acquisition is requested by eNB, or is higher layer configured if it is periodic.
Proposal 3: TA update mechanism is supported for D-PUR.
· For UL transmission for TA update information acquisition, the following options are proposed for further discussion eNB acquires the TA information from one or more of the following UL transmissions

· UL transmission in D-PUR from the UE
· FFS how to handle the case where UE skips UL transmission in D-PUR

· UL transmission out of D-PUR from the UE

· UL transmission from UE requested by eNB for TA information acquisition
· E.g., using RACH resource

· UL transmission from UE configured by eNB for TA information acquisition

· E.g., periodic UL transmission for TA information acquisition at eNB

· FFS TA update information feedback from eNB

· E.g., via PDSCH transmission containing MAC CE containing only TA command 

2.2. HARQ
HARQ is supported and an explicit ACK is expected by a UE upon successful decoding by eNB of a D-PUR transmission. Upon unsuccessful decoding of a D-PUR transmission, a UL grant for retransmission on MPDCCH is supported but whether to support a NACK or no explicit ACK is FFS. In our view, supporting indication from eNB to indicate D-PUR release is useful for example in case eNB fails TA validity check for a D-PUR transmission. At least the NACK feedback from eNB can be used for this purpose. For no explicit ACK, there are cases where a UE cannot expect an explicit ACK from eNB. UE behavior should be discussed in case a UE does not receive any explicit ACK from eNB for a D-PUR transmission. 
Proposal 4: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, in addition to an UL GRANT for retransmission on the MPDCCH, the UE can expect a NACK, or no explicit ACK
· When UE receives a NACK, the UE releases D-PUR

· When UE receives no explicit ACK, 
· Opt.1 UE waits for the next D-PUR for UL retransmission

· Opt.2 UE releases D-PUR

· FFS signaling details of NACK (e.g., 1-bit signaling or a state in a DCI)

For the number of HARQ processes for PUR, we propose to focus on single HARQ process first for Rel.16 LTE MTC. Multiple HARQ processes are mainly for increasing the throughput while the main objective of supporting D-PUR is to save UE transmission power and resources for UL transmission.
Proposal 5: Multiple HARQ processes are not supported for PUR in Rel-16 eMTC.
2.3. PUR configuration
Basically the same configuration parameters agreed in NB-IoT session are needed for Rel-16 LTE MTC case. Therefore we need to agree on the same configuration parameter set first and further on additional parameters. As additional parameters, parameters for search space configuration for feedback monitoring in response to D-PUR transmission are needed. Depending on RAN2 discussion outcome, configuration parameters related to PUCCH resource for A/N feedback may be required.
Proposal 6: Configuration includes at least the followings
· Time domain resources including periodicity(s) 

· Frequency domain resources

· TBS(s)/MCS(s)

· Search space for feedback monitoring in response to UL transmission in D-PUR
· FFS feedback information

2.4. Power control
It was pointed out that there are cases where closed loop power control may not be available for D-PUR transmission, e.g., long D-PUR period. However, transmission power control may be still useful unless the UL transmission interval is extremely long. As it is already supported in eMTC UEs in CE mode A, we are not adding much work by adopting the power control scheme for a D-PUR. Overall, we need to study further the power control scheme for a D-PUR transmission. For example, UE autonomous power control can be studied in case UE receives no explicit ACK in response to a D-PUR transmission. Or whether to reset the transmission power control if the D-PUR period is long than a threshold. Or whether to rely on the legacy RACH/EDT procedure for UL transmission power control or use the UL transmission power control results when UE falls back to RACH/EDT procedure.
Proposal 7: Support UL transmission power control scheme for D-PUR initial transmission and retransmission. 
· The following options are proposed for further consideration
· Opt.1 n-bit (n>=1) signaling or n (n>=1) states in UL grant DCI for power control command

· Opt.2 UE autonomous power control without explicit signaling of power control command (e.g., UL transmission power ramp-up if there is no explicit ACK in response to a D-PUR transmission) 

· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case of large D-PUR period.

· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  

2.5. Connected mode support
In Rel-13 MTC, SPS operation is introduced only for UE in CE mode A. So, if preconfigured UL resource is to be supported in connected mode, similar mechanism may be considered as a baseline to the transmission in preconfigured UL resources for unicast in CE mode B. However, benefits of introducing UL only SPS operation for CE mode B in connected mode is unclear since the use case is not clear.
3. Conclusion
In this contribution, we discussed several open issues for preconfigured UL resources in idle mode for Rel-16 MTC enhancements for LTE. Our proposals are listed below.
Proposal 1: When serving-cell RSRP change is measured for TA validation, the serving-cell RSRP change is derived by subtracting the reference value R from the test value T, the reference value R is 

· Opt.1 the latest measured serving-cell RSRP value from the time when D-PUR is configured

· Opt.2 the latest measured serving-cell RSRP value from the latest TA update timing

· FFS whether to support that eNB dynamically updates the reference value e.g., via 1-bit update flag or a state in DCI, etc.

The test value T is the latest measured serving-cell RSRP value from the UL transmission in D-PUR

· The latest measured serving-cell RSRP value can be the serving-cell RSRP measurement value based on RRM requirement

Proposal 2: TA alignment timer for idle mode for TA validation is initialized at the time of D-PUR configuration.
TA alignment timer for idle mode for TA validation is reinitialized when TA is updated.

Proposal 3: TA update mechanism is supported for D-PUR.
· For UL transmission for TA update information acquisition, the following options are proposed for further discussion eNB acquires the TA information from one or more of the following UL transmissions

· UL transmission in D-PUR from the UE
· FFS how to handle the case where UE skips UL transmission in D-PUR

· UL transmission out of D-PUR from the UE

· UL transmission from UE requested by eNB for TA information acquisition
· E.g., using RACH resource

· UL transmission from UE configured by eNB for TA information acquisition

· E.g., periodic UL transmission for TA information acquisition at eNB

· FFS TA update information feedback from eNB

· E.g., via PDSCH transmission containing MAC CE containing only TA command 

Proposal 4: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, in addition to an UL GRANT for retransmission on the MPDCCH, the UE can expect a NACK, or no explicit ACK
· When UE receives a NACK, the UE releases D-PUR

· When UE receives no explicit ACK, 
· Opt.1 UE waits for the next D-PUR for UL retransmission

· Opt.2 UE releases D-PUR

· FFS signaling details of NACK (e.g., 1-bit signaling or a state in a DCI)

Proposal 5: Multiple HARQ processes are not supported for PUR in Rel-16 eMTC.
Proposal 6: Configuration includes at least the followings
· Time domain resources including periodicity(s) 

· Frequency domain resources

· TBS(s)/MCS(s)

· Search space for feedback monitoring in response to UL transmission in D-PUR
· FFS feedback information

Proposal 7: Support UL transmission power control scheme for D-PUR initial transmission and retransmission. 
· The following options are proposed for further consideration
· Opt.1 n-bit (n>=1) signaling or n (n>=1) states in UL grant DCI for power control command

· Opt.2 UE autonomous power control without explicit signaling of power control command (e.g., UL transmission power ramp-up if there is no explicit ACK in response to a D-PUR transmission) 

· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case of large D-PUR period.

· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  
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