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1	Introduction
During the email discussions after RAN2#108 on running CR for MAC specification [2] and RRC specifications [3][4], number of issues related to PUR were identified, especially related interaction between RRC and MAC layer. Many of these were left as FFSs in the endorsed versions.
In this contribution we propose to address some of these FFSs and part of the remaining details for RRC-MAC interaction for preconfigured uplink transmissions. 
[bookmark: _Ref178064866]2	Discussion
2.1	PUR fallback indication
RAN1 has agreed to include a field in PUR L1 ACK DCI which indicates fallback, i.e., that PUR uplink transmission is not successful, e.g. [4]:
	Agreement [36.212]
A 1-bit field in the PUR L1 ACK DCI indicates the following:
· ACK 
· UE terminates PUR SS Monitoring
· Fall back indication
· Details on fall back operation is left up to RAN2
· UE terminates PUR SS Monitoring



Functionality of this indication is not captured currently in the running MAC specification. We propose to add indication of unsuccessful PUR transmission to higher layers (i.e. RRC) when "fallback indication" is received by MAC layer. The follow-up actions in this case can be left up to UE, e.g. to initiate RACH or EDT to transmit the data.
[bookmark: _Toc32534702]When "PUR fallback indication" is received by MAC layer, MAC will stop monitoring PDCCH in PUR response window and higher layers are informed that PUR transmission was not successful. 
2.2	PUR grant provision and interaction
During the running CR phase after RAN2#108 there was discussion on how the PUR grant is provided to MAC layer and what kind of interaction there should be between e.g. MAC and RRC protocols. This discussion is not concluded and FFSs remain e.g. in the latest version of the running MAC CR for NB-IoT [3].
In legacy, UL grant is provided dynamically on the N/MPDCCH or during random access procedure (in RAR) or using semi-persistent configuration or the grant is pre-allocated by RRC e.g. during a handover. 
These existing mechanisms do not directly work with PUR, where the PUR configuration, including timing of the PUR uplink transmission occasions, is initially provided by RRC and where higher layers triggers establishment of RRC connection for uplink transmissions for these PUR occasions [3][4]. 
At least the following alternative approaches can be considered:
1. Grant information is provided to MAC by RRC when PUR is initially configured e.g. in RRCConnectionRelease. MAC calculates future grant occasions and maintains this info and other necessary configuration for PUR transmission in RRC_IDLE. This resembles functionality of semi-persistent scheduling but in RRC_IDLE instead of RRC_CONNECTED. 
2. Grant is provided from RRC layer to MAC every time PUR uplink transmission is triggered. This is more inline how e.g. EDT works, where higher layers initiate the transmission and configuration is provided for MAC layer to do the uplink data transmission during the random access procedure. 
The latter approach avoids the need to maintain a separate configuration and the grants for PUR in MAC while the UE is in RRC_IDLE and would avoid the need to introduce another type of grant in the MAC specification, therefore, we propose: 
[bookmark: _Toc32534703]RRC layer provides UL grant and necessary PUR configuration to MAC when triggering PUR transmission.
2.3	TA timer related details
RAN2 has agreed in RAN2#108 to maintain the PUR TA timer in MAC. However, the many details of the exact functionality have not been agreed yet and remain as FFSs in the current version of the running CRs  and/or in agreements and meeting notes . 
TA timer can be configured at the same time when other PUR configuration is provided to the UE, i.e. in RRCConnectionRelease message. The actual (re)starting times of the timers need to be aligned between UE and eNB – otherwise there is a risk that the same understanding of PUR configuration validity is not shared between UE and eNB. One such common time reference can be e.g. the first subframe of the first PUR transmission opportunity (after the configuration has been received). However, in this case we need to consider how the PUR timing information is provided and whether the first occasion could be "too far" in the future so that the TA timer would not work as assumed – i.e. it is not possible TA timer would expire before first PUR occasion. Therefore, we propose:
[bookmark: _Toc32534704]PUR TA timer configuration is provided to MAC when RRC receives PUR configuration from eNB. 
[bookmark: _Toc32534705]PUR TA timer is started on the first subframe of the first PUR transmission opportunity after the PUR configuration has been received. 
[bookmark: _Toc32534698]If Proposal 4 is agreed, RAN2 needs to further discuss the range of possible offset before first PUR occasion in relation to the TA timer length. 
TA timer restart conditions have been agreed already in RAN2#108:
TA timer is restarted every time TA is received or explicitly re-validated (i.e.  successful PUR transmission alone does not restart the timer).
 
When TA timer expires, MAC layer should indicate to higher layers (i.e. RRC) that TA is not valid. 
[bookmark: _Toc32534706]When TA timer expires, MAC informs RRC that TA is no longer valid due to timer expiry.  
If TA validation fails through any other TA validation method, the current TA timer can be kept running. One motivation for this behaviour is that in case UE reselects to another cell – but doesn't trigger RA yet – and reselects back, the TA timer doesn't need to be invalidated. Otherwise, the TA timer runs out eventually if not updated through new configuration or TA update. 
[bookmark: _Toc32534707]When TA validation fails due some other TA validation method, the TA timer keeps running. 
As a corollary, RRC layer should keep track of all of the other TA conditions to be able to initiate PUR transmission. This is already part assumed in the running CRs e.g. [4].
[bookmark: _Toc32534699]It is already assumed RRC layer keeps track of whether all configured TA conditions are satisfied. 
In the current running CR, the following is captured related to TA timer and interaction between MAC and RRC:
If pur-TimeAlignmentTimer is configured, the MAC entity shall not perform any uplink transmission using preconfigured grant corresponding to PUR except the Random Access Preamble transmission when the pur-timeAlignmentTimer is not running or when the TA for PUR is considered invalid. 
The latter part of the paragraph is marked as FFS, related to whether RRC layer would check whether the timer is running before initiating PUR transmission. If Proposal 5 above is agreed, it should be known to RRC layer whether the timer is running or not, thus it seems the above paragraph can be removed from the running CR. We can leave this for further consideration once other details on TA timer interaction are agreed to. 
[bookmark: _Toc32534700]Remaining text on PUR uplink time alignment timer in MAC specification can be finalized once the interaction details between MAC and RRC are clear. 
2.4 	'm' counter details
It has not been decided yet whether MAC or RRC layer keeps track of the number of skipped PUR transmissions. In the following we list some observations assuming either MAC or RRC-based mechanism:
MAC-based mechanism 
MAC layer could increase 'm' always when either MAC PDU is not generated or an acknowledgement to PUR transmission is not received. If higher layer acknowledgement, e.g. RRC message is used, MAC layer would need to be informed every time if any ACK is not successfully received and hence should be counted as skipped PUR.  If Proposal 2 above is agreed, i.e. PUR grant would be provided when RRC initiates PUR uplink transmission, MAC layer would know whether the transmission is intended for PUR or something else. RRC layer needs to be notified when counter reaches the threshold. 
RRC-based mechanism
RRC layer knows whether UE is in RRC_IDLE or in RRC_CONNECTED and whether PUR transmission is initiated or not. However, RRC may not know whether MAC layer has generated a MAC PDU and whether acknowledgement was received in the case of L1 ACK. MAC would need to indicate successful L1 ACK reception and at least failed/skipped PUR UL transmission to RRC layer.  Successful L1 ACK reception is already indicated to RRC in the running MAC CR.
It seems number of interactions are needed regardless of at which layer the 'm' counting is handled. It seems more interaction would be needed for the MAC-based mechanism; thus we propose this count would be kept in RRC layer. 
[bookmark: _Toc32534708]RRC layer handles counting of 'm' implicit skips of PUR transmissions. 
[bookmark: _Toc32534701][bookmark: _GoBack]Depending on whether MAC or RRC layer handles 'm' counting, different set of interactions between MAC and RRC may be needed to be defined.


2.5 	TA adjustment in DCI
RAN1 has agreed to include a field in PUR ACK DCI to adjust TA timing, e.g. [4]:
	Agreement [36.212]
In the dedicated PUR ACK DCI, the TA adjustment field is 6 bits as legacy
· The TA adjustment field exists only when the dedicated PUR ACK DCI indicates successful decoding of PUR transmission



This is not yet agreed to in RAN2 or captured in the running MAC CR. 
[bookmark: _Toc32534709]When PUR ACK DCI indicates TA adjustment, the PUR TA timer is restarted and TA is adjusted by the value provided in the DCI. 

2.6.	Indication on higher layer ACK
In order for the MAC layer to stop monitoring PUR response window properly, RRC layer needs to indicate to  MAC layer when a higher layer acknowledgement is received after PUR transmission. This is already captured in the running MAC CR but should be added to the RRC layer as well. 
[bookmark: _Toc32534710]RRC layer indicates successful PUR transmission to MAC layer when higher layer ACK is received. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	If Proposal 4 is agreed, RAN2 needs to further discuss the range of possible offset before first PUR occasion in relation to the TA timer length.
Observation 2	It is already assumed RRC layer keeps track of whether all configured TA conditions are satisfied.
Observation 3	Remaining text on PUR uplink time alignment timer in MAC specification can be finalized once the interaction details between MAC and RRC are clear.
Observation 4	Depending on whether MAC or RRC layer handles 'm' counting, different set of interactions may be needed to be defined.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When "PUR fallback indication" is received by MAC layer, MAC will stop monitoring PDCCH in PUR response window and higher layers are informed that PUR transmission was not successful.
Proposal 2	RRC layer provides UL grant and necessary PUR configuration to MAC when triggering PUR transmission.
Proposal 3	PUR TA timer configuration is provided to MAC when RRC receives PUR configuration from eNB.
Proposal 4	PUR TA timer is started on the first subframe of the first PUR transmission opportunity after the PUR configuration has been received.
Proposal 5	When TA timer expires, MAC informs RRC that TA is no longer valid due to timer expiry.
Proposal 6	When TA validation fails due some other TA validation method, the TA timer keeps running.
Proposal 7	RRC layer handles counting of 'm' implicit skips of PUR transmissions.
Proposal 8	When PUR ACK DCI indicates TA adjustment, the PUR TA timer is restarted and TA is adjusted by the value provided in the DCI.
Proposal 9	RRC layer indicates successful PUR transmission to MAC layer when higher layer ACK is received.
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