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1	Introduction
The Rel-16 Work Item Descriptions for LTE-M [1] and NB-IoT [2] contain a common objective on improving the uplink transmission efficiency and/or UE power consumption by means of transmission in preconfigured resources:
Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk516687799][bookmark: _Hlk516765211]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
[bookmark: _Hlk4320313]In RAN1 the following agreements have been reached for LTE-M and NB-IoT which are relevant for this contribution (‘LTE-M’ and ‘NB-IoT’ in brackets when not applicable to both):
	
Agreement
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 

Agreement
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 (M/N)PDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.






	Agreement [LTE-M]
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 [NB-IoT]
In idle mode, only one HARQ process is supported for dedicated PUR

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 [LTE-M]
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 [LTE-M]
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.

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on (M/N)PDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field [NB-IoT only]
· RAN2 can decide if a higher layer PUR ACK is also supported





In RAN2 the following agreements have been reached which are relevant for this contribution:
	Initially we will focus on dedicated preconfigured uplink resources in idle mode
· Shared resources can also be discussed
Multi-shot D-PUR is supported with the possibility to configure as a single shot. 
UE may perform a D-PUR request/information, if D-PUR is indicated as enabled in the cell.
Network makes the decision on the D-PUR configuration.
The eNB can (re)configure and release D-PUR by dedicated RRC signalling
D-PUR configuration is released when the eNB doesn’t detect “m” consecutive UE transmissions 
The UE must release the D-PUR when it does a RA procedure on a new cell. 




In this contribution we continue to discuss the issue of whether a L1 ACK or L2/L3 ACK should be used for D-PUR.
[bookmark: _Ref178064866]2	Discussion
In the following, dedicated PUR in Idle mode is discussed unless mentioned otherwise.
2.1	Reliable PUR data transmission
Many companies in RAN2 seem fine with using Rel-15 EDT as a baseline for Rel-16 PUR to minimize the standard impact. For reference, the EDT Msg4 fills the purpose of a) transmitting DL data, b) allowing to move the UE to RRC_CONNECTED if needed, c) to provide reliable and integrity protected data transmission, d) redirect the UE to another carrier, e) providing the NCC for UP-EDT, etc. At least a), c) and e) seem motivated for PUR but RAN2 should discuss what to include. In addition, it would be beneficial to be able to re-configure PUR in association to a PUR transmission. There is also a RAN2 agreement on that PUR re-configuration via RRC is supported (see Introduction). Moreover, since one-shot PUR is agreed, it should be possible to provide the subsequent PUR configuration in the current PUR transmission.
[bookmark: _Ref4680909][bookmark: _Toc4707416]RAN2 should agree on the need for a DL PUR message with the following functionality: a) inclusion of DL data, b) moving a UE to RRC_CONNECTED, c) reliable data transmission, d) carrier redirection, e) providing NCC, f) PUR re-configuration.
For the reliability part, EDT Msg3 and the PUR UL transmission, can be integrity protected such that the network can ensure that the data is coming from the right UE. However, for the UE to know that the UL data was received by the correct entity, a downlink message is required, i.e. EDT Msg4 or a PUR DL response message. If the UE can decrypt this message with its security keys it is an acknowledgement that the data has reached the intended receiver.
[bookmark: _Toc4707417]A downlink PUR message is required for the UE to ensure that the data has been received by the intended receiving entity.
If only a L1 ACK in DCI where to be used, this could easily be faked to block all PUR traffic. An illustration of the PUR signaling for L1 ACK only and L2/L3 ACK only is shown in Figure 1.
[image: ]
[bookmark: _Ref3968727]Figure 1: Illustration of A) PUR L1 ACK only, and B) PUR L2/L3 ACK only.
Since RAN1 is ahead of RAN2 in the PUR work they have already agreed on such a L1 ACK. In the RAN1#95 the following was agreed (for LTE-M):
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)
An LS with this and other agreements was sent from RAN1 to RAN2 [3]. Although the LS was for information, RAN2 did not get to opportunity to provide any input before the following was agreed in RAN1#96 (for both LTE-M and NB-IoT):
For dedicated PUR in idle mode, the Dedicated PUR ACK is at least sent on (M/N)PDCCH 
· RAN2 can decide if a higher layer PUR ACK is also supported
First, NB-IoT and LTE-M from the start in Rel-13, and for all features in subsequent releases, only support adaptive HARQ.
[bookmark: _Toc4707418]LTE-M and NB-IoT features from Rel-13 onwards use adaptive HARQ.
This means that e.g. for EDT, Msg3 is transmitted and either the UE receives a DCI scheduling a Msg3 retransmission, or, possibly much later, receives a DCI scheduling new data (NDI toggled and the UE keeps the Msg3 data in HARQ buffer until then). Supporting L1 ACK only for PUR would therefore mean that some MAC changes may be required. I.e., the UE would either receive an ACK in DCI upon successful transmission, or a DCI scheduling a retransmission upon failed transmission (somewhat a hybrid of “synchronous” non-adaptive HARQ in case of ACK, and asynchronous adaptive HARQ in case of NACK). 
[bookmark: _Toc4707419]Supporting L1 ACK for PUR may require MAC changes for HARQ acknowledgement to be introduced for PUR.
Second, if RAN2 agrees on having a downlink PUR message, for any of the reasons listed above, the L1 ACK would be obsolete. That is, in Figure 1B) there would be an additional DCI before the DCI scheduling the PDSCH and the signaling is therefore increased unnecessarily. 
[bookmark: _Toc4707420]If L2/L3 ACK is transmitted, any additional L1 ACK is redundant.
[bookmark: _Toc4707422]Adaptive HARQ is used for PUR and the same mechanism as for EDT is used to acknowledge the UL transmission. 

2.2	Performance evaluation of L1 vs. L2/L3 ACK
The benefit of the L1 ACK is the signalling reduction which would lead to lower UE power consumption (see Figure 1). However, the UE power consumption has many components and the question is how big the impact is from removing one DL and one UL transmission. Because of this performance evaluations are presented here for the IMT-2020 scenarios with an inter-arrival time for the uplink report of either 2h or 24h, and a data payload of either 50 bytes or 200 bytes.[footnoteRef:2] No DL data payload is included. Further, the evaluations where performed with power-saving mode, and with the number of repetitions for the physical channels from link level simulations (more simulation parameters can be found in the Appendix A1). Further, for the L2/L3 ACK the Quick Release introduced in Rel-15 is assumed to be used, i.e. the UE after receiving the PUR DL message is allowed to move to a power saving state after the transmitting the HARQ ACK on PUCCH in response (see Appendix A2 for details). [2:  Note that 200 bytes does not make sense for EDT with a TBS limited to 1000 bits but EDT is still included for the sake of comparison.] 


[image: ]    [image: ]
Figure 2: IAT=2h, 50 bytes UL payload.

[image: ]    [image: ]
Figure 3: IAT=2h, 200 bytes UL payload.

[image: ]    [image: ]
Figure 4: IAT=24h, 50 bytes UL payload.

[image: ]   [image: ]
Figure 5: IAT=24h, 200 bytes UL payload.
When the monitoring of DL signaling (for DL reachability) is more frequent than the uplink reporting the UE power consumption is dominated by the former. Therefore, a case with shorter UL data inter-arrival time of 30 min is also included to emphasize the effects of PUR and maximize the gains.

[image: ]     [image: ]
Figure 6: IAT=30min, 50 bytes UL payload.
From the results it is seen that the gain from using only L1 ACK compared to using only L2/L3 ACK is insignificant overall. With these simulation settings the maximum gain is not even 2%. The question is if a gain of less than 2% is worth sacrificing reliability, more flexible PUR re-configuration, the possibility to include DL data, the flexibility of moving the UE to connected, or re-directing the UE to another carrier. In our opinion it is not.
[bookmark: _Toc4707421]For MCL values analyzed in this paper, the UE power consumption gain with L1 ACK solution compared to L2/L3 ACK solution is insignificant.
In our view it is beneficial to support a DL PUR message to keep the synergy to EDT to minimize the specification impact, and to support the functionality listed above in Observation 1 for a generic solution, and due to the other Observations made in Section 2.1.
[bookmark: _Toc4707423]A downlink PUR RRC message is sent in response to a PUR transmission.
RAN1 seem to have overlooked these aspects and therefore it would be advised to inform them.
[bookmark: _Toc4707424]Send an LS to RAN1 to inform about the need for a DL PUR RRC message, and, if such is supported, that the L1 PUR ACK is redundant.


Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 should agree on the need for a DL PUR message with the following functionality: a) inclusion of DL data, b) moving a UE to RRC_CONNECTED, c) reliable data transmission, d) carrier redirection, e) providing NCC, f) PUR re-configuration.
Observation 2	A downlink PUR message is required for the UE to ensure that the data has been received by the intended receiving entity.
Observation 3	LTE-M and NB-IoT features from Rel-13 onwards use adaptive HARQ.
Observation 4	Supporting L1 ACK for PUR may require MAC changes for HARQ acknowledgement to be introduced for PUR.
Observation 5	If L2/L3 ACK is transmitted, any additional L1 ACK is redundant.
Observation 6	For MCL values analyzed in this paper, the UE power consumption gain with L1 ACK solution compared to L2/L3 ACK solution is insignificant.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Adaptive HARQ is used for PUR and the same mechanism as for EDT is used to acknowledge the UL transmission.
Proposal 2	A downlink PUR RRC message is sent in response to a PUR transmission.
Proposal 3	Send an LS to RAN1 to inform about the need for a DL PUR RRC message, and, if such is supported, that the L1 PUR ACK is redundant.
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Appendix
A.1	Simulation parameters
Some of the most important simulation parameters are summarized in the table below:
	Battery capacity
	18 kJ (2 AA)

	Rx power
	80 mW

	Tx power
	500 mW

	Fine clock/light sleep
	3 mW

	Deep sleep
	0.015 mW

	PSM
	10 s active time, 5.12 s DRX

	UL payload size
	50 bytes, 200 bytes

	Inter-arrival time
	2h, 24h



A.2	Quick Release
A potential drawback with reusing a similar procedure for PUR as for EDT is that they UE may have to keep monitoring PDCCH for some time after the RRCConnectionRelease message has been received. However, in the Rel-15 Quick Release WI-objective this was addressed and the UE is, if it is not polled for an RLC status report, allowed to move to Idle as soon as it has sent the HARQ ACK in response to the RRCConnectionRelease message. The procedure text from TS 36.331 is quoted below for convenience:
[bookmark: _Toc535571184]5.3.8.3          Reception of the RRCConnectionRelease by the UE
The UE shall:
1>  except for NB-IoT, BL UEs or UEs in CE, delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1>  for BL UEs or UEs in CE, delay the following actions defined in this sub-clause 1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1>  for NB-IoT, delay the following actions defined in this sub-clause 10 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier.
NOTE:      For BL UEs, UEs in CE and NB-IoT, when STATUS reporting, as defined in TS 36.322 [7], has not been triggered and the UE has sent positive HARQ feedback (ACK), as defined in TS 36.321 [6], the lower layers can be considered to have indicated that the receipt of the RRCConnectionRelease message has been successfully acknowledged.
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