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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for MTC was approved [1]. 
One of the objectives in this work item is:

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 previous meetings, the following agreements were made:

Transmission in preconfigured resources

	RAN2#103bis agreements:
· Transmission in dedicated preconfigured uplink resources in IDLE mode is supported for UEs with a valid timing advance.

· Initially we will focus on dedicated preconfigured uplink resources in idle mode

· Shared resources can also be discussed

RAN2#104 agreements:
· The eNB configures the dedicated preconfigured uplink resources via RRC dedicated signaling.

· Methods for eNB to obtain information used to help configuring the dedicated preconfigured uplink resource to the UE is FFS.

· Periodic D-PUR with duration is supported

· FFS if one shot D-PUR is supported.

· Release of the dedicated preconfigured resources are supported, details for NW triggered and UE triggered are FFS.

RAN2#105 agreements:
· 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.

· Request/information can include:

· Requested TBS 

· Requested periodicity 

· Other information FFS. 

· 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.
· D-PUR configuration can be set up without a pre-defined end (infinite).



This document provides some simulation results to support the D-PUR Message Acknowledgement section of our previously submitted document R2-1903063 to better illustrate the differences in UE power consumption using different D-PUR message acknowledgement schemes. 
2 D-PUR Message Acknowledgement

The type(s) of ACK that will be supported for PUR will greatly affect message latency, UE power consumption and network resources. For example, if PUR always requires a higher layer RLC message after each PUR transmission, the only power and network resource saving above EDT would be the transmission of PRACH and reception of the RAR message, which is very small so the decision of which ACKs are supported is critical in the PUR design.
At RAN1 #95, RAN1 agreed that: 
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)

At RAN1 #96, RAN1 agreed that: 

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

Layer 1 ACK:

For applications that need very good power savings and have application layer security, PUR transactions may only need a Layer 1 ACK, as shown below. It is assumed that the UE has been assigned a unique RNTI thus the L1 PUR ACK is enough to resolve contention and indicate the successful reception of the PUR transmission by eNB. This is similar to how legacy RLC UM (unacknowledged mode) operates for non-PUR traffic.
                         eNB
                                     UE                

   PUSCH - UL data on PUR (encrypted) 

layer 1 timeout (~10’s ms)

         mPDCCH - L1 PUR ACK 


Figure 1: Layer 1 ACK 

Note: The L1 PUR ACK may also be able to include PUR re-configuration but RAN1 needs to progress on the PUR ACK DCI before the number of available bits in the PUR ACK is known. RAN1 company tdoc [2,3] indicates up to 13 bits for LTE-M and 21 bits for NB-IOT maybe available for PUR re-configuration use.
WRT to Security: Even without an application ACK, the application server could still be aware of missed uplinks based on application timeouts. For example, missing updates could indicate a DoS attack from a fake eNB. In that case, the application can take appropriate actions.
UE power is saved not just because this method has the fewest OTA messages, but also because the expected layer 1 timeout will be much shorter than a layer 2 timeout. If the UE’s D-PUR transmission is missed by the eNB (i.e. not even detected), the eNB will not send any DCI messages so the UE needs to wait for the timeout before falling back to use legacy RACH to send the data. Having a short timeout will improve the worst-case MO latency and UE power consumption. 

Observation 1: Using a L1 ACK is the most resource efficient, lowest MO latency, and most UE power efficient. 

RLC ACK:

The following diagram shows the message flow for when only a RLC ACK is used:

                         UE                                             eNB                                                                

        PUSCH - PUR data (encrypted) 

layer 2 timeout (~100’s ms)

       mPDCCH -DL GRANT 


PDSCH - RLC PUR ACK (encrypted)

        PUCCH - ACK

       mPDCCH - UL GRANT 


PUSCH - RLC ACK (encrypted)


Figure 2: Layer 2 ACK 

Note: the above assume RLC AM mode for the RLC ACK.
Using a RLC (L2) ACK instead of the layer 1 ACK does provide some addition notification against the DoS using fake base station problem but there is little the UE can do with this information since it is being block from service. Also, the RLC ACK does not provide assurance against drop packets within the core network or the internet. 
Observation 2: An RLC ACK provides some DoS notification but no data delivery assurance to the application.

Application ACK:

If the UE receives an encrypted application ACK from the application server, this will provide similar security protection as the RLC ACK and will also provide data delivery assurance against dropped packets which can occur both within the CN and through the internet connection to the application server. If there is an application ACK, the RLC (L2) ACK serves very little purpose and unnecessarily burdens the UE power consumption and unnecessarily waste network resources.  Note: A L1 ACK in combination with an application ACK allows for the UE to retry with the minimum delay and also provides the assurance of message receipt without the need for the RLC ACK.

                         eNB
                                     UE                

   PUSCH - UL data on PUR (encrypted) 

layer 1 timeout (~10’s ms)

         mPDCCH - L1 ACK 


Application timeout (~100’s ms)

       mPDCCH -DL GRANT 


PDSCH - Application ACK/Response 

        PUCCH - ACK

Figure 4: Application ACK 

Note: the above assume RLC UM mode for the application data.
Observation 3: If the UE receives an application ACK, then the RLC ACK is not needed for security.

The table below compares the utility of the different ACK methods:

	
	UE detection of Fake base station (DoS attack)
	Detection of Block Errors
	Detection of Dropped Packets
	Timing for Retries
	UE Power
	NW Resources

	Phy ACK
	No
	Yes
	No
	L1 Timing
	Low
	2 messages

	RLC ACK
	Yes
	Yes
	No 
	L2 Timing
	Medium
	6 messages

	Phy Ack + Application ACK
	Yes
	Yes
	Yes
	L1 timing
	Medium
	5 messages

	RLC+App ACK
	Yes
	Yes
	Yes
	L2 Timing
	High
	9 messages


Given the above discussion, the following proposals are made:

Proposal 1:   If the eNB decodes the D-PUR transmission correctly, the UE can always expect a Layer 1 ACK and optionally expect a Layer 2 ACK.

· FFS: how UE is configured to expect a layer 2 ACK or not

Proposal 2:   D-PUR should support the option for an application ACK after the D-PUR transmission.

· FFS: how UE is configured to expect an application ACK or not

3 Power used for D-PUR Message Acknowledgement
Simulation of the expected UE power usage was done to compare L1 ACK. and L2 ACK. methods. For this simulation it has been assumed that the UE and NW support the new Rel. 15 Quick Release feature which allows the UE to return to idle after sending the L2 ACK. on the PUCCH as shown below.
                        UE                





eNB
                                                                

            PUSCH => PUR data 

        mPDCCH => DL GRANT


PDSCH => RRC PUR ACK (re-config.)
     PUCCH => ACK

Figure 5: L2 ACK. with Quick Release

The table below summarizes the results in terms of the amount of additional power used for a L2 ACK. vs. only a L1 ACK shown as a percentage. For example: if L2 ACK used the same as L1 ACK. then there would be 0% additional UE power used.  The PUR TBS has been assumed to be less than the max TBS supported (i.e. <2536 bits).
	
	
	
	
	
	
	
	

	
	 
	PUR only
	15 min
	30 min
	2 Hr
	24Hr
	

	
	No Repeats
	261%
	33%
	20%
	6%
	1%
	

	
	Max CE Mode A Repeats
	34%
	21%
	19%
	10%
	1%
	

	
	
	
	
	
	
	
	


We simulated the strong signal case where there was no need for repetitions and separately the case corresponding to the most challenging CE Mode A propagation condition using the necessary repetitions.

The “PUR only” column is a comparison only of one D-PUR uplink followed by the ACK. with necessary ACK. delays. This shows that the L2 ACK. requires significantly more power in both cases at each D-PUR allocation.
In order to take into account the contribution to the overall UE power consumption of power used in deep sleep, between D-PUR allocations, we added this calculation to the simulation for a number of different D-PUR periods of 15 minutes, 30 minutes, 2 hours and 24 hours. In these cases we also included the power used to read PSS/SSS and MIB at each D-PUR period. 
For the simulated D-PUR periods up to 2 hours there is a significant value to using L1 ACK.
For longer D-PUR periods the power used in sleep mode comes to dominate the overall usage. The calculation assumed the current state of the art in the industry for the deep sleep current but this is expected to drop over time and also implementations that use an external dedicated power switch will have much lower deep sleep currents than used in this calculation.  With lower deep sleep currents expected in the future, the performance improvement for the L1 ACK will be higher than those presented in the table above. 
Observation 4: Simulation shows that L1 ACK. saves worthwhile UE power especially for shorter D-PUR periods.
4 Conclusion
Observation 4: Using a L1 ACK is the most resource efficient, lowest MO latency, and most UE power efficient. 

Observation 5: An RLC ACK provides some DoS notification but no data delivery assurance to the application.

Observation 6: If the UE receives an application ACK, then the RLC ACK is not needed for security.
Observation 7: Simulation shows that L1 ACK. saves worthwhile UE power especially for shorter D-PUR periods.
Proposal 3:   If the eNB decodes the D-PUR transmission correctly, the UE can always expect a Layer 1 ACK and optionally expect a Layer 2 ACK.

· FFS: how UE is configured to expect a layer 2 ACK or not

Proposal 4:   D-PUR should support the option for an application ACK after the D-PUR transmission.

· FFS: how UE is configured to expect an application ACK or not
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Appendix I: Power Consumption Evaluation assumptions

	RX Power
	80

	Deep Sleep
	0.005

	TX Power
	575
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