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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 #96 meeting, following agreements on preconfigured UL resources were made [2]:
	Agreement 
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  

Agreement
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

Agreement
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

Agreement
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

Agreement 
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

Agreement
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.

Agreement
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

Agreement
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

Agreement
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)

Agreement
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

Agreement
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


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
Multiple TA validation criteria can be configured for TA validation. And according to the agreement in RAN1 #96 meeting, as the TA is valid only when all the configured TA validation criteria are satisfied, the TA validation criteria should be rather conservatively enabled for TA validation. Otherwise, PUR transmission may be rarely useful for devices under time-varying environment. In this regard, it is recommended that the TA validation criterion using the RSRP change be carefully examined before it is enabled in real field and also the RSRP change threshold value for it be conservatively (big enough with some margin) selected.
The TA can be updated by eNB based on the UL signal(s) and/or channel(s) from which TA information is acquired. Once TA update is needed and therefore the TA estimate is acquired, the eNB can feedback the TA information to the UE e.g., via PDSCH transmission containing MAC CE containing only TA command. To support the TA update mechanism, eNB can acquire the TA information from D-PUR transmission. Or, eNB can trigger a PDCCH order to initiate a contention-free PRACH transmission using (pre-configured) RACH resource(s) which can be outside D-PUR. When the PDCCH-ordered PRACH transmission is triggered by MPDCCH in PUR search space, the TA information can be obtained via MAC RAR.
Proposal 1: A UE in RRC_IDLE state can update its TA for D-PUR transmission, and the TA information can be obtained via
· MAC CE in PDSCH scheduled by MPDCCH in PUR search space
· MAC RAR, if PDCCH-ordered PRACH transmission is triggered by MPDCCH in PUR search space
In the RAN1 #96 meeting, it was agreed that 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, and FFS for other approaches. In our view, even though the legacy RACH procedure is more appropriate in some cases, in most other cases for UEs configured with D-PUR while in RRC_IDLE state, the higher layer procedure for transitioning to RRC_CONNECTED state may not be required. To avoid unnecessary exchange of the higher layer messages consuming UE power consumption, a RACH procedure that only supports TA update and is terminated earlier than the legacy RACH procedure can be supported. The D-PUR transmission may continue after the early terminated RACH procedure if the UE has data to send. One might think the EDT procedure can be used instead, but the limited support of TBS may not be optimal for D-PUR transmission. And also as the EDT is not supposed to be supported by all UEs being capable of D-PUR, the said modification of RACH procedure seems to be still needed.
Proposal 2: For the case where UE updates it’s TA for D-PUR transmission, support early termination of RACH procedure obtaining only a valid TA without transitioning to RRC_CONNECTED state.
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 of D-PUR release from eNB is useful for the case where eNB validated TA and found the TA invalid for a D-PUR transmission. At least the NACK feedback from eNB can be used for this purpose. For no explicit ACK, UE behavior should be discussed in case where a UE does not receive any explicit ACK from eNB for a D-PUR transmission. 
Proposal 3: 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 (Both NACK and no explicit ACK are supported.)
· When UE receives a NACK, the UE starts a fallback procedure (e.g., MO-EDT or RACH procedure)
· When UE receives no explicit ACK, UE either waits for the next D-PUR for UL retransmission or releases the D-PUR (UE implementation, maybe not to be specified)
· 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 4: Multiple HARQ processes are not supported for PUR in Rel-16 eMTC.
2.3. PUR configuration
Basic PUR configuration parameters were agreed in RAN1 #96 meeting including parameters for PUR search space configuration for MPDCCH monitoring related to D-PUR transmission. Additional configuration parameters related to PUCCH resource for A/N feedback may be further if PDSCH can be scheduled after D-PUR transmission, which may require RAN2 decision. 
Regarding the PUR search space for MPDCCH monitoring, an RNTI that can be used for D-PUR transmission in RRC_IDLE mode may be issued by network and assigned to UE via UE-specific RRC configuration (at least for dedicated PUR). In this case, the PUR search space is more appropriated described as ‘UE-specific’ and basically follows the properties of the UE-specific search space. Otherwise (if the PUR SS is common), either the collision of the search space should be avoided or additional information should be delivered for UE discrimination purpose. 
Proposal 5: For dedicated PUR in idle mode, the RNTI used for PUR search space monitoring is UE-specifically configured and the PUR search space is UE-specific.
2.4. PUR search space
Figure 1 shows an example of PUR and PUR SS configuration, and a basic HARQ flow using the configured PUR SS. Period of PUR SS may be smaller than PUR to support HARQ retransmission as shown in the figure. If eNB detects a PUR transmission but fails to decode it successfully, then UL grant for retransmission may be transmitted using the upcoming PUR SS. The NB for retransmission may be different from initial transmission if the RB assignment in the UL grant indicates so. After confirming successful PUR (re-)transmission, UE can go to sleep until the next PUR.
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[bookmark: _Ref4767033]Figure 1 An example of PUR and PUR SS configuration
Figure 2 shows when UE is expected to monitor PUR SS in relation to PUR transmission. As shown in the figure, PUR SS after PUR transmission should be monitored for downlink feedback information and UL retransmission grant. Depending on the outcome of RAN 2 discussion, PUR SS ahead of the PUR may also be monitored e.g., for PUR on/off indication from eNB, if supported. When PUR transmission is skipped, e.g., due to absence of data, PUR SS may be not required to monitor the PUR SS. There may be cases where PUR transmission has to skip even though there are data available for PUR transmission, e.g., due to collision with paging reception. The skipping in this case, if a mechanism for PUR release is supported, may not be counted as a skipping event for PUR release as the cause of PUR transmission skipping is not the absence of data for PUR transmission. 
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[bookmark: _Ref4770283]Figure 2 PUR search space monitoring
Proposal 6: For D-PUR, discuss at least the following cases regarding PUR search space monitoring
· Whether or not to monitor MPDCCH in PUR search spaces before PUR transmission
· Whether or not to monitor MPDCCH in PUR search spaces if the UE skips PUR transmission
· Which PUR search space to monitor when the PUR search space partially or fully overlaps in time domain with other search spaces (e.g., Type1-CSS)
2.5. 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. Being 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 after a D-PUR transmission. Furthermore, whether to reset the transmission power control if the D-PUR period is long than a threshold, whether to rely on the legacy RACH/EDT procedure for UL transmission power control, and whether to use the UL transmission power control results when UE falls back to RACH/EDT procedure can be further discussed.
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 after a D-PUR transmission) 
· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case where the D-PUR period is large.
· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  
2.6. Connected mode support
In Rel-13 MTC, SPS operation was introduced only for UEs in CE mode A. So, if preconfigured UL resource is to be supported in connected mode, a mechanism similar to the SPS in CE mode A can be considered as a baseline for PUR in CE mode B. However, from our perspective, benefits and use cases of UL only SPS operation for CE mode B in connected mode is unclear.
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: A UE in RRC_IDLE state can update its TA for D-PUR transmission, and the TA information can be obtained via
· MAC CE in PDSCH scheduled by MPDCCH in PUR search space
· MAC RAR, if PDCCH-ordered PRACH transmission is triggered by MPDCCH in PUR search space
Proposal 2: For the case where UE updates it’s TA for D-PUR transmission, support early termination of RACH procedure obtaining only a valid TA without transitioning to RRC_CONNECTED state.
Proposal 3: 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 (Both NACK and no explicit ACK are supported.)
· When UE receives a NACK, the UE starts a fallback procedure (e.g., MO-EDT or RACH procedure)
· When UE receives no explicit ACK, UE either waits for the next D-PUR for UL retransmission or releases the D-PUR (UE implementation, maybe not to be specified)
· FFS signaling details of NACK (e.g., 1-bit signaling or a state in a DCI)
Proposal 4: Multiple HARQ processes are not supported for PUR in Rel-16 eMTC.
Proposal 5: For dedicated PUR in idle mode, the RNTI used for PUR search space monitoring is UE-specifically configured and the PUR search space is UE-specific.
Proposal 6: For D-PUR, discuss at least the following cases regarding PUR search space monitoring
· Whether or not to monitor MPDCCH in PUR search spaces before PUR transmission
· Whether or not to monitor MPDCCH in PUR search spaces if the UE skips PUR transmission
· Which PUR search space to monitor when the PUR search space partially or fully overlaps in time domain with other search spaces (e.g., Type1-CSS)
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 after a D-PUR transmission) 
· FFS whether to reset the TPC for every initial UL transmission in D-PUR e.g., for the case where the D-PUR period is large.
· FFS whether to use the UL TPC results when UE falls back to RACH/EDT procedure.  
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