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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).



An email discussion was held before meeting #105. In addition to the agreements at the meeting the fifteen companies contributed opinions on topics that there was insufficient on-line time to discuss. This document presents proposals for further design details of D-PUR based on previous agreements and issues not yet treated.
2 Background
The following terms are used within this document with the following definitions:
D-PUR Request/Information:
A UE request for D-PUR service which includes TBS and period as agreed and may contain others that are FFS such as, time offset and number of PUR allocations.

D-PUR Configuration:
A configuration that contains all required information for D-PUR transmissions which may include: number of D-PUR allocations (see below), time/frequency resource(s), repetition, MCS, TBS, period, time offset, hopping, RNTI, power control, DMRS, scrambling code, timing advance validation mechanism configuration, and others.
D-PUR Allocation: 
A single time/frequency D-PUR resource allocation.
3 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

4 Data and/or Signalling after PUR Transmission

After the D-PUR transmission, more signalling (e.g. RRC) or user data (e.g. UL or DL data) may follow but not always so there needs to be an efficient mechanism for the eNB to indicate more signalling and data is coming, so the UE needs to continue to monitor PDCCH after the ACK. Also, a mechanism for the UE to indicate it has more UL data and/or that it expects some DL data after its PUR data (i.e. an application layer ACK).  
If the network needs to use the legacy RACH procedures to send or receive the additional signalling and/or data, this may result in even more overhead than if the legacy RACH procedure was used in the first place thus this mechanism is critical to support. 

There are several ways the above mechanisms can be implemented. For example: one bit in a D-PUR message could be used by a UE to indicate it expects more DL data. A BSR value in the D-PUR message could indicate the UE has more UL data to send. One bit in the L1 and/or L2 ACK could be used by the eNB to indicate it has more signalling or user data to follow. 

Proposal 3:   The D-PUR transmission can include an indication that the UE has more UL data and/or expects DL data. 
Proposal 4:   The D-PUR ACK (L1 and L2) can include an indication that the eNB has more signalling and/or data. 
5 D-PUR Configuration

Period (between allocations) request

UEs will have a variety of needs to cover many use cases. The UE should be able to request / inform the eNB about its preferred PUR period. For example: from as little as 60 seconds to a couple of days. Periods could be restricted to powers of 2 so that the UE can efficiently pack UE configurations both when one UE has more than one configuration and when there are many UEs operation with PUR.

The UE needs to be able to transmit at a preassigned time within the correct H-SFN. If UE clock drift is a limiting factor. The UE could awake and realign its clock before D-PUR transmission. For example: If a UE has 200ppm of clock drift, 44 weeks pass before +/-1.5 hours inaccuracy is exceeded in NB-IoT and 11 weeks for +/-22 minutes for MTC.
Long periods can be managed by UE re-checking its clock based on eNB time. Timing could be related to real time based on for example SIB16. To permit co-ordination with eDRX that the UE may concurrently use it is probably best to base the timing on H-SFN.
Proposal 5:   A UE should be able to request a D-PUR period in a range from about 60 seconds to a few days.
Offset (Transmission start time)
The UE should be able request a time offset according to its application needs but the eNB will assign it for scheduling and load balancing. A UE application generating this request should only be necessary for longer periods of hours or days. For example, a UE might request 2am every day. The offset should be a specific time of day or day of the week and not be based on a default as for example the time a device was activated. 
Proposal 6:   A UE should be able to request a D-PUR time offset
Range of number of allocations (Preconfigured release)
A number of allocations of Infinity (until released) and 1 have been agreed. This option would be for a UE to request a specific number “n” of allocations after which the configuration would be released unless renewed. Some ranges of 2, 4, 8 up to 128 or 1, 32, 256, 4096 have been proposed in the email discussion before RAN2#105. 
One of the reasons to specify a fixed number is to manage and define a release mechanism. If the range of values has large steps between selectable numbers there still needs to be an additional mechanism to avoid wasted resources in the case of loss of signal. With the agreed ability to operate a configuration without a defined end the option to choose a number “n” may not be essential. RAN2 has agreed also that when a UE does not use or does not appear to use its allocations for “m” successive allocations the configuration will be released. The eNB can detect this and the UE should be aware of unacknowledged uplink transmissions and can therefore synchronise its release. 
Multiple concurrent configurations

There is a possibility that a UE may have applications that need more than one concurrent active D-PUR configuration. For example: one configuration that has a short period and a second configuration that has a longer period.

It is FFS whether this can be permitted and if it can, how many. In the email discussion before RAN2#105 ranges of up to 4 or 8 configurations were suggested.
Proposal 7:   LTE-M should support up to 4 concurrent D-PUR configurations and NB-IOT up to 2 concurrent D-PUR configurations. 
Subscription based information

Knowing that a UE is a stationary UE is available (NB-IoT Rel.15). D-PUR should not be restricted to UEs that are always stationary because it is a useful feature to UEs that spend long periods stationary but are otherwise mobile. Therefore knowing a UE’s stationary status should not be essential.

Additional configuration information

Other configuration details are FFS, for example D-PUR Grant, D-PUR USS, PC-RNTI. Based on RAN1 discussion, a TA validity timer and delta RSRP thresholds for TA validity.
6 D-PUR Release

Implicit Release Mechanisms

If the UE moves out of coverage or otherwise fails to use its D-PUR allocation then a “clean-up” mechanism has been agreed that if the UE fails to use “m” allocations then the D-PUR configuration is released. It is FFS what value or values “m” should have. In the email discussion before RAN2#105 a value range of 1, 2, 4, 8, and 16 was suggested.

The configuration needs to allow flexibility for all network deployments scenarios and IoT applications use cases which are highly varied. The only downside to supporting all the above options is that it requires 3 bits vs 2 bits or 1 bit if less configuration is used but saving the network resources for 1 or 2 bits in an RRC message is not worth the loss of flexibility. 
Proposal 8:   It shall be possible to configure D-PUR with UE specific “m” values of 1, 4, 8, or 16. 
Renewal of D-PUR Configuration
In the case that the number of PUR allocations in a configuration is not infinity, i.e. 1 or “n”, it would be useful for the UE to be able to request renewal of the PUR allocations with the same configuration within the initial D-PUR message. Similarly, it should be possible for eNB to indicate accepting or rejecting this request for additional PUR allocations in a following message (FFS if this is in a L1 or L2 message).
Proposal 9:   In cases where “n” is not infinity, it should be possible for a UE to request more D-PUR allocations within the D-PUR transmission and it should be possible for the eNB to indicate accepting or rejecting this request in a following message 

UE requested release
The UE could have a method to indicate that it wants to end a configuration. This could be done by having a release indication in a scheduled uplink, which would be power efficient and would prevent any unused allocations. Alternatively, a specific RRC message that a UE would use for this purpose seems unnecessary and using it would waste UE power. 
A simple alternative if there is no specific UE initiated release is that a UE could just stop using its allocation to force a release after ”m” unused allocations. This method would allow a UE to release one of potentially multiple configurations without having to send a message specifically to indicate which one it wants to release.
In a case that the UE is allocated a D-PUR configuration does not meet its needs it could also just not use the allocation to cause an implicit release. 

However, if “m” is large (e.g. 16), using the implicit release would waste resources.
RACH on same cell does not cause D-PUR configuration release

If a UE does a legacy RACH while configured for D-PUR, this should not trigger the implicit release of the D-PUR configuration. A legacy RACH may be used to update the TA or to simply send data not scheduled for D-PUR. 
Proposal 10:   A UE can perform a legacy RACH process on the same cell without releasing its D-PUR configuration(s)

Invalid TA does not cause release

If a UE determines that it has an invalid TA it cannot use its D-PUR allocation but it does not need to release the D-PUR configuration. As agreed by RAN1, the UE can update the TA by performing a legacy RACH procedure:
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 

Once it has a valid TA it can continue to use D-PUR. If the UE is unable to update its TA (e.g. due to out of coverage) then it will miss its allocations which will lead to an implicit release.
Proposal 11:   A UE that has an invalid TA does not need to release its D-PUR configurations if it can update the TA before implicit release.
7 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.

Proposal 12:   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 13:   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

Proposal 14:   The D-PUR transmission can include an indication that the UE has more UL data and/or expects DL data. 
Proposal 15:   The D-PUR ACK (L1 and L2) can include an indication that the eNB has more signalling and/or data. 
Proposal 16:   A UE should be able to request a D-PUR period in a range from about 60 seconds to a few days.

Proposal 17:   A UE should be able to request a D-PUR time offset

Proposal 18:   LTE-M should support up to 4 concurrent D-PUR configurations and NB-IOT up to 2 concurrent D-PUR configurations. 

Proposal 19:   It shall be possible to configure D-PUR with UE specific “m” values of 1, 4, 8, or 16. 

Proposal 20:   In cases where “n” is not infinity, it should be possible for a UE to request more D-PUR allocations within the D-PUR transmission and it should be possible for the eNB to indicate accepting or rejecting this request in a following message 

Proposal 21:   A UE can perform a legacy RACH process on the same cell without releasing its D-PUR configuration(s)

Proposal 22:   A UE that has an invalid TA does not need to release its D-PUR configurations if it can update the TA before implicit release.
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