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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 this contribution, we discuss open issues for preconfigured UL resources in idle mode for Rel-16 MTC enhancement for LTE. 
2. Discussion
2.1. [bookmark: _Ref16619741]TA validation & update
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 its TA by PRACH transmission for D-PUR transmission, support early termination of RACH procedure obtaining only a valid TA without transitioning to RRC_CONNECTED state.
2.2. HARQ
An explicit ACK is expected by a UE upon successful decoding of a D-PUR transmission by eNB. Based on RAN2 agreement that the L1 ACK concludes the PUR procedure and UE moves to Idle, there doesn’t seem to be a reason to monitor PUR SS any further. So, when a UE receives a PUR L1 ACK after D-PUR transmission, the UE stops monitoring PUR search space and goes to sleep.
Proposal 3: When a UE receives a PUR L1 ACK after D-PUR transmission, the UE stops monitoring PUR search space.
In RAN1#98 meeting, it was agreed that after data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH. Support of triggering a fallback procedure using a DCI may be useful e.g., when eNB can’t reserve UL resources for retransmission or wants the UE back in RRC_CONNECTED state. Upon receiving this fallback indication, the UE may immediately stop monitoring PUR SS and start EDT or legacy RACH procedure at the next RACH occasion avoiding unnecessary device power consumption. The explicit indication can be 1-bit signaling or a state in a DCI. 
In RAN1#98 meeting, RAN1 made an agreement on the UE behavior when UE receives nothing after PUR transmission mandating fallback to legacy RACH/EDT procedure. It is noted that, in the same meeting, for the same case, RAN2 made an agreement that the UE behavior in this case is not specified, i.e., it is up to UE implementation. We need to discuss how to deal with this contradictory agreements between RAN1 and RAN2 and consider initiating actions to resolve this issue.
Proposal 4: Discuss how to deal with the contradictory agreements between RAN1 and RAN2 on the UE behavior when UE receives nothing after PUR transmission.
2.3. PUR configuration
Basic PUR configuration parameters were agreed in RAN1 #96 and #96bis meetings including parameters for PUR search space configuration for MPDCCH monitoring related to D-PUR transmission. As it is desirable to support those features already included in previous releases, additional parameters e.g., related to DMRS patterns for UL sub-PRB allocation, may need to be further included. Also, as PDSCH scheduling after D-PUR transmission is needed, parameters related to PUCCH resource configuration for A/N feedback need to be included in PUR configuration.
Based on RAN2 response to the LS from RAN1, RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and asked RAN1 to inform RAN2 what parameters are planned to be (re)configured via L1 signaling. Answer from our side to this question would be that the only parameter that needs to be update via L1 signaling is UL TX power adjustment if it is supported for D-PUR. TA adjustment can be updated via MAC CE or MAC RAR as proposed in Section 2.1 and other parameters can be updated via higher layer signaling.
Proposal 5: Among D-PUR configuration parameters, the only parameter that needs L1 update is UL Tx power adjustment if power control is supported for D-PUR.
· TA can be updated via MAC CE or MAC RAR and other D-PUR configuration parameters are updated by higher layer
2.4. PUR search space
PUR search space, in time domain, is configured in absolute subframes with the starting subframe position, the periodicity, and the duration. And the PUR SS window within which the PUR SS are monitored are set relative to the PUR transmission. For HD-FDD UEs, it was agreed in RAN1#98 meeting that PUR SS window starts 4 subframes after the end of PUR transmission. The same applies to FD-FDD and TDD UEs, but FFS for whether/when the UE monitors for early termination during the PUR transmission. In our opinion, we should support the HARQ-ACK feedback for early termination of PUSCH transmission as it helps the devices in PUR transmission to save device battery power. The specification effort is minor as we only need to define the SS window for HARQ-ACK monitoring and the timing when to stop PUR transmission. For the SS window, the simplest way is to define the PUR SS from the start of PUR transmission for the FD-FDD and TDD UE supporting this feature. And for the timing when to stop PUR transmission, we can rely on the legacy MPDCCH-to-PUSCH timing, i.e., If the UE receives ACK in subframe n before the end of PUR transmission, it stops PUR transmission and PUR SS monitoring no later than subframe n+4. 
Proposal 6: Uplink HARQ-ACK feedback for early termination of PUSCH transmission (Rel-15 feature) is supported during D-PUR transmission.
There may be cases where PUR transmission has to skip even though there are data available for PUR transmission, e.g., due to collision between the PUR SS and the Type1-CSS for paging. In this case, either UE is not expected to monitor the PUR SS colliding with the Type1-CSS or the PUR transmission itself is dropped. 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. 
Proposal 7: When PUR search space collides with Type1-CSS, UE is not expected to monitor PUR search space.
· FFS whether to drop PUR transmission if the corresponding PUR search space collides with Type1-CSS
· FFS whether to count the above case as PUR skipping
2.5. Power control
It was agreed in RAN1#98 meeting that for PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is re-used to adjust the TX power but FFS for CE mode B. For PUR (re-)transmissions in CE mode B, basically the UL TX power can be the configured maximum UE transmit power as in connected mode. If there is a serious concern on the interference among UL transmissions from different users with maximum UE transmit power, the initial UL TX power can be configured by eNB even for CE mode B and for HARQ re-transmissions in CE mode B, autonomous power ramp-up can be considered as there is no TPC field in the UL grant DCI for CE mode B. As the UL TX power ramps up gradually and the ramping step can be made configurable, the interference level can be somehow controllable by eNB. The UE in this scenario can take the ramped-up power unless it gets bigger than the configured maximum UE TX power in which case the UE can take the configured maximum UE TX power. 
Proposal 8: For PUR HARQ (re-)transmissions in CE mode B, the UL TX power is the configured maximum UE transmit power.
Regarding whether to reset the TPC accumulation mechanism for every initial PUR transmission, we think using the TPC accumulation mechanism along with the successive PUR occasions may be useful unless the interval between PUR occasions is extremely long. As the need for this TPC accumulation mechanism is somehow dependent on the PUR period, a threshold approach can be considered for the selection of the power control scheme, i.e., above a certain threshold point of PUR transmission period, the TPC accumulation mechanism is reset, and below the threshold, TPC accumulates and the UL TX power of each initial PUR transmission depends on the UL TX power(s) of the previous PUR (re-)transmission(s).
Proposal 9: Whether to reset the TPC accumulation mechanism for every initial PUR transmission is network configurable. 
· The configuration parameter is included in the PUR configuration parameters list
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 its TA by PRACH transmission for D-PUR transmission, support early termination of RACH procedure obtaining only a valid TA without transitioning to RRC_CONNECTED state.
Proposal 3: When a UE receives a PUR L1 ACK after D-PUR transmission, the UE stops monitoring PUR search space.
Proposal 4: Discuss how to deal with the contradictory agreement between RAN1 and RAN2 on the UE behavior when UE receives nothing after PUR transmission.
Proposal 5: Among D-PUR configuration parameters, the only parameter that needs L1 update is UL Tx power adjustment if power control is supported for D-PUR.
· TA can be updated via MAC CE or MAC RAR and other D-PUR configuration parameters are updated by higher layer
Proposal 6: Uplink HARQ-ACK feedback for early termination of PUSCH transmission (Rel-15 feature) is supported during D-PUR transmission.
Proposal 7: When PUR search space collides with Type1-CSS, UE is not expected to monitor PUR search space.
· FFS whether to drop PUR transmission if the corresponding PUR search space collides with Type1-CSS
· FFS whether to count the above case as PUR skipping
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Proposal 9: Whether to reset the TPC accumulation mechanism for every initial PUR transmission is network configurable. 
· The configuration parameter is included in the PUR configuration parameters list  
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