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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84 and RAN#85 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for uplink transmission in pre-configured resources:

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 previous RAN2 meetings, the following agreements on dedicated PUR (D-PUR) were made for both NB-IoT and eMTC [3]:

	Agreements of RAN2#103bis
· 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

Agreements of RAN2#104
· 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.

Agreements of RAN2#105
· 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).

Agreements of RAN2#105bis

· From RAN2 point of view it is possible to configure TBS for D-PUR for both NB-IoT and eMTC up to the maximum supported based on the UE category and TBS capability.

· For UP the UE may transmit D-PUR release request/(re)configuration request when transmitting using D-PUR. FFS For CP. 

· The following are FFS:

· Whether a UE can have more than one parallel D-PUR configurations

· Ability of the UE to request (indicate) a time offset

· The range of values and limits of preconfigured D-PUR allocations.

· Whether mechanisms for a UE to reject a D-PUR configuration including by explicitly or implicitly releasing are needed.
Agreements of RAN2#106
· RRC response message needs to be supported by the UE and could be used in all cases.

· For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed.

· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.

· RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.

· It is feasible to provide the UE with a UE-specific RNTI for D-PUR. Common or shared RNTI is also feasible.

· The RNTI used for D-PUR is signalled together with other D-PUR configuration.
Agreements of RAN2#107
D-PUR procedural steps:

· Valid TA is a requirement in order to initiate D-PUR transmission.

· The UE may use the D-PUR resource to send RRCConnectionRequest or RRCConnectionResumeRequest to establish or resume RRC connection.

· FFS: whether the UE can send part of the data using the padding in this case.

· FFS: whether the UE can segment and send part of the data using the D-PUR resource.

· For the CP solution, the uplink data are encapsulated as a NAS PDU in an uplink RRC message transmitted in CCCH.

· For the UP solution, the uplink data are transmitted in DTCH.

· After the uplink D-PUR transmission, the UE monitors PDCCH under the control of a timer:

· The timer starts after D-PUR transmission.

· The timer restarts if a scheduling for D-PUR retransmission is received.

· The UE considers that the D-PUR transmission has failed if the timer expires.

· The timer is stopped when D-PUR procedure ends/succeeds.

· The downlink RRC response message, if needed, for the CP solution may include the following optional information:

· downlink data encapsulated as a NAS PDU (downlink application layer response or pending data in MME).

· redirection information.

· D-PUR (re-)configuration and release.

· FFS extendedWaitTime.

· The downlink RRC response message for the UP solution may include the following optional information:

· Resume ID.

· NCC (mandatory) - the downlink RRC response message for the UP solution is always provided.

· redirection information.

· D-PUR (re-)configuration and release.

· FFS extendedWaitTime.

· The MAC CE for TA update can be sent along with the RRC transmission of the downlink RRC response message for the CP solution and UP solution. 

· FFS for CP solution if MAC CE for TA update can be sent without a downlink RRC response message.

· After reception of D-PUR transmission, the eNB can move the UE to RRC connection by RRCConnectionSetup message or RRCConnectionResume message.

· Fallback after D-PUR transmission is not successful is not specified i.e. it is up to UE implementation to initiate legacy RA, MO-EDT or wait for next D-PUR occasion.

· FFS how to handle the skip in case of failure (UL or DL).

D-PUR TA validation criteria:
· TA validation criterion “Serving cell changes” is implicitly always enabled, which means that TA is considered invalid when the UE initiates RA procedure in a different cell than where TA was last validated.

· Configuration for TA validation criteria is provided in dedicated RRC signaling.

· It should be possible to disable each or all of the optional TA validation criteria (i.e., TA timer, (N)RSRP change) via RRC signaling.

· UE keeps the PUR configuration while TA is considered invalid, but PUR cannot be used until eNB validates the existing TA/provides a new TA.

· Working assumption: Counter for D-PUR occasions, i.e., “n”, is not introduced and “indefinite” or “one-shot” are the only possible configurations.

· A new TA timer is defined for UEs configured with D-PUR in idle mode.

· The (re)starting times for TA timer need to be aligned between UE and eNB. The details of the mechanism are FFS.

· TA timer is restarted after TA is updated.

· The value range for the TA timer is FFS. Value of “infinity” is possible.
D-PUR Request, (re)configuration and release mechanism:

· D-PUR request can be sent only by BL UE, UE in CE or NB-IoT UE; and which are capable of D-PUR.

· D-PUR request can be sent when the UE is in RRC_CONNECTED.

· D-PUR request includes number of PUR grant occasions requested with possibility to request infinite. FFS other values.

· UE can request D-PUR release. FFS how.

· A new RRC message is introduced for transmission of PUR request when UE is in RRC_CONNECTED (i.e., not for the cases of sending PUR request during EDT and during PUR).

· UE-specific PUR (re)configuration can be provided while UE is in RRC_CONNECTED.

· PUR (re)configuration can be included in RRC Connection Release.

· At least the following information can be included in PUR (re)configurations: 

· “m” consecutive missed allocations before release, FFS values.

· Time Alignment Timer for idle mode.

· RSRP change threshold for Serving cell.

· For UP solution, when PUR request is being piggybacked in the PUR transmission, same RRC message used for PUR transmission is used to include PUR request.

· PUR (re)configuration can be provided in DL RRC response message (message FFS) of the D-PUR procedure.

· Explicit reject message (NW-> UE) in response to PUR request is not introduced.

· Delta configuration is supported for PUR reconfiguration.

· If the UE performs EDT or moves to RRC_CONNECTED and comes back to RRC_IDLE in the same cell, PUR configuration remains valid unless specifically released or reconfigured by network or other triggers.

· PUR can be released explicitly by RRCConnectionRelease message and DL RRC response message (FFS message) of the D-PUR procedure.

· FFS: RRCEarlyDataComplete.

· FFS: When UE initiates RACH/EDT, whether it has D-PUR configuration(s) is not explicitly notified to the network.

· EDT cannot be initiated solely for the purpose of sending PUR request in EDT Msg3.

· UE is not restricted from initiating RRC Connection for the purpose of sending PUR request (i.e. this agreement has no impact to legacy RRC Connection Establishment / Resume procedures).

L1 ACK:

· RAN2 confirm the intention of the previous agreement as follows:

If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.
Agreements of RAN2#107bis

Agreements (for CP and UP solutions unless otherwise stated):

· For PUR transmission and associated response, no new RRC messages are introduced and the existing RRC messages are re-used (S-TMSI and establishment cause for CP, and Resume ID and establishment cause for UP, are mandatory IEs).

· Existing establishment causes are re-used.

· PUR update request is performed only in RRC_CONNECTED (i.e. not included with PUR transmission). This replaces the previous agreement for UP regarding piggyback of PUR request with the PUR transmission.

· L2/L3 expectation indication and downlink channel quality report are not included with PUR transmission. 

· For CP solution AS RAI, BSR are not included with PUR transmission

· FFS for UP solution whether AS RAI, BSR can be included with PUR transmission.

· For the CP solution, MAC CE for TA update can be sent without downlink RRC response message. (For UP RRC response message is always required).

· In case the UE moves to RRC-CONNECTED, a new C-RNTI can be provided in RRC. If absent the UE maintains the PUR-RNTI as C-RNTI.

Agreements:

· Working assumption: PUR is indicated as enabled in the cell using a flag in SIB2. Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configurations. Existing SIB update mechanism is used to update the indication. 

· PUR configuration can be provided without PUR Configuration Request from the UE, therefore optional radio access capabilities (separate for UP and CP) to indicate UE is capable of performing UL transmissions using PUR are introduced. 

· When UE initiates RACH/EDT, whether it has PUR configuration(s) is not explicitly notified to the network.

· PUR (re)configuration is not supported in RRCEarlyDataComplete. 

· In case PUR (re)configuration is provided in RRC Connection release, no additional explicit success/failure indication is introduced, i.e., existing methods are sufficient.

· No further UE behaviour is specified in case successful PUR reconfiguration is not confirmed using the existing methods (i.e., the PUR configuration that the UE considers valid depends on whether UE received the reconfiguration). It is up to the network implementation how to handle this scenario. 

· NW releases PUR only upon successful confirmation that UE received the release message using the existing methods.

· PUR request includes optional indication that L1 ACK is sufficient. NW has the final decision whether to use L1 ACK or not.

· No new RRC message for PUR release request is needed (i.e. PUR configuration request is used for requesting PUR release).

Agreements:

· “UE is stationary/quasi-stationary” is not a precondition before sending PUR configuration request.

· “UL data size is limited to maximum supported TBS based on the UE category/capability” is a precondition before sending PUR configuration request.

· UE cannot be configured with more than one PUR configuration

· Therefore, PUR config identity/index is not needed in PUR configuration

· Information on TBS size is provided in PUR configuration. 

· Exact details also depend on RAN1 agreements.

· For CP, similar to EDT, “the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS configured for PUR” is a precondition before initiating UL transmission using PUR. FFS for UP.

· Sending RRC Connection request without the CP data is not excluded due to this

· For UP, refer to PUR messages as “RRCConnectionResumeRequest for PUR” and “RRCConnectionResumeRequest for EDT or PUR” etc. in the specifications.

· PUR TA timer is configurable up to hour(s) level, disabled/infinity is possible. 

· Exact values FFS.

· Configurable value of m. Not configured means release by “m” skip mechanism is disabled. 

· Exact values FFS. 

· Further details on “m” operation are FFS:

· UE shall increase ‘m’ when (1) PUR occasion is not used while UE is in RRC_IDLE and (2) PUR occasion is used in RRC_IDLE but no ACK is received.

· Network shall increase ‘m’ when no ACK is sent by the network.

· ‘m’ is not increased (neither by UE nor eNB) while UE is in a dedicated RRC connection.

· Value of ‘m’ is reset to zero after successful communication between UE and eNB (both in RRC_IDLE or RRC_CONNECTED).

· ‘m’ is not increased (neither by UE nor eNB) while barring timer is running.




In this contribution, the FFSes in previous agreements are discussed.
Compared with R2-1912609, following updates are made:

· Updated the agreements by taking into account RAN2#107bis meeting progress

· Removed discussion on parallel D-PUR configuration

· Removed discussion on using RRCEarlyDataComplete message to (re)configure D-PUR

· Added discussion on AS RAI, BSR, PUR configuration content, remaining working assumption, UP precondition and UP segmentation etc.

2 Discussion
The following FFSes on D-PUR are discussed in this document:

· The (re)starting times for TA timer need to be aligned between UE and eNB. The details of the mechanism are FFS (RAN2#107)
· Whether PUR can be released explicitly by RRCEarlyDataComplete message (RAN2#107).
· FFS for UP solution whether AS RAI, BSR can be included with PUR transmission.
· Which of the following is included in PUR(re)configuration: Time Offset; UE-specific RNTI; D-PUR config identity/index; timer for D-PUR response; PUR backoff indicator/prohibit timer; TBS size.
· Working assumption: PUR is indicated as enabled in the cell using a flag in SIB2. Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configurations. Existing SIB update mechanism is used to update the indication.
· For CP, similar to EDT, “the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS configured for PUR” is a precondition before initiating UL transmission using PUR. FFS for UP.

· FFS: whether the UE can send part of the data using the padding in this case

· FFS: whether the UE can segment and send part of the data using the D-PUR resource

Detailed mechanism to align TA timer between the UE and the eNB
In order to align the (re-)start of the TA timer between the UE and the eNB, the (re-)start subframe for the TA timer needs to be specified.
First, we think the timer should be restarted every time the TA is updated (for example, the last subframe of Time Advance Command MAC CE). The UE and the eNB can align in this case.
For the start of the timer, there are 2 options:

· TA timer is started in the last subframe containing the MAC PDU for D-PUR configuration.

· TA timer is started in the first subframe of the first D-PUR occasion after D-PUR configuration.

As the MAC layer cannot know whether PUR configuration is included in the MAC PDU, option 1 cannot work if the timer is maintained by the MAC layer. For Option 2, it can be achieved by the MAC layer. However, in our understanding, the TA timer will be in the range of hours (at least for some of the supported values). For such a long timer, it does not seem right to maintain the timer in the MAC layer and to synchronise at subframe level.
Thus, before down-selecting between the above 2 options, we need to discuss which layer (MAC or RRC) maintains the TA timer for PUR.

· If a RRC timer, the UE can start the timer after the reception of PUR configuration.

· If a MAC timer, the timer can only be started in reference to the first PUR occasion, which is known by both the eNB and the UE.

Proposal 1: RAN2 to discuss whether the TA timer for PUR is maintained in RRC layer or MAC layer.
Proposal 2: The TA timer is restarted every time the TA is updated.
RRCEarlyDataComplete message for D-PUR release
RAN2#107bis has agreed that PUR (re)configuration is not supported in RRCEarlyDataComplete. In our understanding, (re)configuration also covers the release of the PUR resource. So the FFS from RAN2#107 can be closed.

Proposal 3: RRCEarlyDataComplete message is not used to release D-PUR configuration.

FFS for UP solution whether AS RAI, BSR can be included with PUR transmission
RAN2 has agreed to introduce a new MAC AS RAI for UP-EDT in 5GC. This AS RAI allows to indicate whether a subsequent DL transmission is expected. We think this information is equally important for transmission using PUR. 

Proposal 4: The new MAC AS RAI can be included with transmission using PUR in 5GC. This can also apply in EPC if the new AS RAI is made applicable to EPC.
In general the data will fit in the transmission using PUR, so the BSR will always be set to 0 and not bring any benefit compared to the AS RAI. Only in the case where more data is available, this could be useful but we have not discussed the details of the fallback case. In any case, we do not see any reason to preclude including BSR according to the existing MAC multiplexing rules, i.e. padding BSR or triggered BSR. 
Proposal 5: BSR can be included with transmission using PUR according to the legacy MAC multiplexing rules.
Which of the following is included in PUR (re)configurations: Time Offset; UE-specific RNTI; D-PUR config identity/index; timer for D-PUR response; PUR backoff indicator/prohibit timer; TBS size.

In RAN2#106, it was agreed that it is feasible to provide the UE with a UE-specific RNTI for D-PUR and the RNTI used for D-PUR is signalled together with other D-PUR configuration.
In RAN2#107bis, it was agreed that PUR config identity/index is not needed in PUR configuration and Information on TBS size is provided in PUR configuration.
In the following, we discuss the remaining parameters Time Offset, timer for D-PUR response and PUR backoff indicator/prohibit timer.

For parameter Time Offset, as discussed above, it is used to provide the time domain of the first PUR occasion. Therefore, it should be included in the PUR (re)configuration.
For parameter timer for PUR response, it is used to control the time during which the UE monitors the PUR response. We think this is similar to the MAC Contention Resolution timer and that a similar timer should be configured. 
For parameter PUR backoff indicator/prohibit timer, this was proposed to avoid too many PUR Configuration Request from the UE. In our opinion, in eMTC and NB-IoT, the traffic characteristics are quite static and we don’t expect the UE to change its request frequently. Then, there is no need to introduce such mechanism to restrict the UE.
Proposal 6: “Time Offset” and “timer for PUR response” are included in the PUR configuration. 

Proposal 7: There is no need to introduce a mechanism to prevent the UE sending a PUR Configuration Request.
Working assumption: PUR is indicated as enabled in the cell using a flag in SIB2. Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configurations. Existing SIB update mechanism is used to update the indication.
As the UE can only send a PUR configuration request in connected mode, it could be possible to enable it via dedicated signalling. However, as a mechanism is needed to indicate to the UE that it should release an already allocated resource and this can only be done via broadcast signalling, it seems simpler to use the same indication for both. 
Proposal 8: The working assumption is confirmed. PUR is indicated as enabled in the cell using a flag in SIB2. Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configuration. Existing SIB update mechanism is used to update the indication.
For CP, similar to EDT, “the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS configured for PUR” is a precondition before initiating UL transmission using PUR. FFS for UP.

For the CP solution, RRCEarlyDataRequest message is used and the data cannot be segmented, thus the proposal makes sense. Still it should be possible to use the resource to send RRCConnectionRequest message.
For the UP solution, the data are sent on DTCH, thus segmentation is possible. This is related to following two FFSes from RAN2#107:
· Whether the UE can send part of the data using the padding in this case

· Whether the UE can segment and send part of the data using the D-PUR resource
In MO-EDT, segmentation is not supported due to the complexity, e.g. due to retransmission during contention based random access with different TBS. In transmission using PUR, the resource is dedicated and thus the problem does not exist. On the other hand, the use case of PUR is that the data fit in one transmission. Only in some rare cases, there will be more data that can be fit.  For simplicity purpose, the same approach as for the CP solution can be followed, i.e. if the data cannot all fit, the UE falls back to the legacy procedure, using the resource to send RRCConnectionResumeRequest message but without any user data 
Proposal 9: For UP solution, segmentation is not supported. If the data cannot fit, the UE falls back to the legacy resume procedure. The resource can be used to send RRCConnectionResumeRequest message.
3 Conclusion

This paper focused on the FFSes in previous agreemetnts for D-PUR. Corresponding proposals are listed as below:
Proposal 10: RAN2 to discuss whether the TA timer for PUR is maintained in RRC layer or MAC layer.

Proposal 11: The TA timer is restarted every time the TA is updated.

Proposal 12: RRCEarlyDataComplete message is not used to release D-PUR configuration.

Proposal 13: The new MAC AS RAI can be included with transmission using PUR in 5GC. This can also apply in EPC if the new AS RAI is made applicable to EPC.

Proposal 14: BSR can be included with transmission using PUR according to the legacy MAC multiplexing rules.

Proposal 15:  “Time Offset” and “timer for PUR response” are included in the PUR configuration. 

Proposal 16: There is no need to introduce a mechanism to prevent the UE sending a PUR Configuration Request.

Proposal 17: The working assumption is confirmed. PUR is indicated as enabled in the cell using a flag in SIB2. Upon detecting that SIB indication of PUR support is turned off in the cell, UE shall release all PUR configuration. Existing SIB update mechanism is used to update the indication.

Proposal 18: For UP solution, segmentation is not supported. If the data cannot fit, the UE falls back to the legacy resume procedure. The resource can be used to send RRCConnectionResumeRequest message.
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