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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
In this contribution we continue to discuss some remaining open issues for PUR configuration.
[bookmark: _Ref178064866]2	Discussion
In the following, dedicated PUR in Idle mode is discussed unless mentioned otherwise.
2.1 Configuration information for PUR
So far it has been agreed that the NW will configure the UE with PUR in RRC_CONNECTED mode and communicate the configuration over dedicated RRC signaling. It has been agreed that some information can be provided from the UE to guide the NW decision to configure PUR. 
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. 
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.
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.
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).

Traffic prediction is the weak spot of PUR, and eNB must be able to trust the information to be accurate if it is to allocate radio resources for a long time ahead to a UE in RRC_IDLE mode. In addition to UE information there are also two more possible sources of information:
1. UE information: I.e. the periodicity and TBS suitable for PUR according to the UE.
2. Subscription information: E.g. the ‘Subscription UE Differentiation Information’ introduced in Rel-15. 
3. NW information: Any traffic statistics for the UE collected by NW itself.
Regarding option 1, the radio protocol layer of the UE may know little or nothing about the application layer, and an application layer would typically be agnostic of the radio access technology. To our knowledge there is no application assistance information available which could be used for this purpose.
[image: ]
Figure 1: Illustration of PUR information for eNB configuration of PUR.
Related to option 2 above, support for ‘Subscription Based UE Differentiation Information’ was introduced in Rel-15. The ‘Subscription Based UE differentiation Information’ can already be used but lacks some detail e.g. the TBS field (see RP-182115 and RP-182115  for more detail).
Related to option 3 above, the eNB could store traffic history of UEs and determine if PUR would be suitable for certain UEs. That is, operators that are careful regarding potential misuse of PUR may want to base any PUR configuration on the actual traffic patterns of a UE. For UEs operating with a traffic with the same periodicity for a long time, i.e. the intended use case for PUR, data collection during a few initial data transmissions using legacy procedure will have a negligible impact on e.g. the device battery life (i.e. during a training period).
In the outcome from RAN2#107 the following was listed as an FFS:
· whether PUR configuration can be provided without UE request for PUR.
Based on the above discussion we think network initiated PUR configuration should be supported.
[bookmark: _Toc21049976]PUR configuration can be provided without, or not in association to, ‘PUR configuration request’ from the UE if the UE supports PUR.

2.2	CP security and PUR UE context
As pointed out earlier in the email discussion and e.g. in R2-1909028, not having AS security when (re)configuring PUR for CP-PUR is an issue. In RAN2#107 the following was listed as an FFS:
· FFS whether AS security needs to be active at the time of PUR configuration, and if so, how.
The lack of AS security would mean that, for example, a fake eNB could (re)configure UEs with PUR overloading the network or radio resources or disable UEs by reconfiguring or releasing the PUR configurations, or a man-in-the-middle could tamper with the configuration signaling without UE being able to notice. Since PUR is allocating long-term radio resources it is in our view necessary to have security enabled for any configuration, re-configuration, or release. 
[bookmark: _Toc21049985]The lack of AS security at the time of PUR (re)configuration and release is a severe security problem.
[bookmark: _Toc21049977]AS security needs to be active at the time of PUR configuration, re-configuration, or release.

After PUR configuration of a UE, the PUR configuration must be kept in the eNB since the scheduler must be aware of upcoming PUR transmissions and which radio resource have been already configured for PUR. We don’t see how storing the D-PUR configuration transparently in MME could work (as proposed e.g. in R2-1910174) since eNB would not be able to retain the D-PUR configuration in time before the upcoming PUR transmission. 
[bookmark: _Toc21049986]It’s not feasible to store the UE PUR context only in MME for the CP-solution since eNB must be aware of upcoming transmissions and current radio resource configuration.
For the UP-solution, this information could be stored with the UE AS context.  For the CP-solution there is no AS UE context, but we don’t see any other solution that one would have to be introduced if PUR is to be supported for the CP-solution. (It could be called something else like ‘PUR Context’, but it does not change the fact that it is radio related parameters for the UE which needs to be kept in eNB).
[bookmark: _Toc21049978]The PUR configuration is stored in UE context in eNB for both UP- and CP-solutions.

2.3	Configuration of PUR Acknowledgement
In RAN2#107 the following was listed as an FFS:
· whether D-PUR request includes indication whether L2/3 ACK is required (or L1 ACK is sufficient). NW makes final decision on configuration.

There are two configurations possible for the PUR acknowledgement:
A. The UE is always expecting an RRC message (L2/L3 ACK) in response to a successful PUR transmission. 
B. The UE is expecting an RRC message (L2/L3 ACK) or a L1 ACK in response to a successful PUR transmission.  The RRC message is only transmitted when needed for DL data, PUR reconfiguration, etc.

[image: ]
[bookmark: _Ref11698429]Figure 2: Illustration of A) always RRC response message (L2/L3 ACK) and B) L1 ACK or RRC response message (L2/L3 ACK).
Solution A) would be required to ensure verified data delivery. That is, the PUR UL transmission (like EDT Msg3), 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. a PUR DL response message (like EDT Msg4). If the UE can decrypt this message with its security keys it is an acknowledgement that the data has reached the intended receiver. (If only a L1 ACK in DCI were to be used, this could be faked to block all PUR traffic.)
[bookmark: _Toc7752431][bookmark: _Toc21049987]A DL PUR message (L2/L3 ACK) is required for the UE to ensure that the data has been received by the intended receiving entity.
Further, for UP-PUR an NCC would also have to be provided to the UE, so A) would always have to be configured for UP-PUR.
[bookmark: _Toc21049988]For UP-PUR a DL PUR message (L2/L3 ACK) would always have to be used to provide the UE with an NCC.
It has been agreed the L2/L3 ACK must be supported by UEs. For a UE also supporting L1 ACK, it is therefore beneficial to have it configurable if solution A) or solution B) is used, i.e. if ‘verified data delivery’ is required or not. If a UE supports L1 ACK, this decision can be left to eNB implementation (however it is somewhat unclear it the UE would benefit from knowing if it should expect ‘verified data delivery’ or not).
[bookmark: _Toc21049989]For UE supporting L1 ACK, eNB can configure whether or not ‘verified data delivery’ is used, i.e. if a DL PUR RRC message (L2/L3 ACK) is always sent in response (FFS indication to UE).
Given this, it would be beneficial if the UE could communicate its preference to the network and therefore, we propose the following:
[bookmark: _Toc21049979]A UE can indicate its preference in the ‘PUR configuration request’ if L1 ACK may be used.
(Note that even if the UE indicates the preference of using a L1 ACK, still a L2/L3 ACK will be sent in case of DL data, PUR re-configuration, etc.)
2.4	Support of EDT-PUR combination
In email discussion 106#61 several companies proposed to support a combination of PUR and EDT. In RAN2#107 the following was agreed related to EDT:
· 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).
· EDT cannot be initiated solely for the purpose of sending PUR request in EDT Msg3.
The following was however listed as an FSS:
· if RRC message used in EDT Msg3 is extended to include PUR request.

So, in summary EDT shall not be triggered solely for sending a ‘PUR configuration request’ but it remains to be agreed if it is supported when there is other EDT data to transmit. In our view PUR is something that would be configured very infrequently, e.g. with an Idle TA timer of several hours, and any signaling gains from supporting a combination with EDT would therefore be insignificant. Supporting the PUR+EDT combination would however have quite significant specification impact since all EDT RRC messages may have to be modified. In our view this cannot be motivated for something that would be used so infrequently that the gains will not be noticeable. 
[bookmark: _Toc21049980]The combination of EDT and PUR is not supported.

2.5	PUR Configuration Request Prohibit Timer
One of the drawbacks of PUR is long-term assignment of radio resources to UEs in Idle mode. Potential misbehaviour could be very costly for the network, e.g. from any of the following:
· It is agreed that “D-PUR configuration is released when the eNB doesn’t detect “m” consecutive UE transmissions”, and if e.g. m=2 a misbehaving UE could therefore systematically only transmit in every 2nd PUR allocation.
· If agreed that a UE can autonomously fallback to RA/EDT the PUR allocations may be unused to a too large extent.
· If PUR has been released or rejected several times for a UE, the UE may still come back with PUR configuration requests.
It could therefore be beneficial for the network to be able to black-list misbehaving UEs from using PUR (see next section). In addition, if a PUR configuration request is rejected by the eNB, it would be desired to be able the keep the UE from sending one or more PUR configuration request just afterwards. We therefore propose to introduce a prohibit timer for the PUR configuration request, and value ‘inf’ could correspond to a PUR black-listing of the UE.
[bookmark: _Toc21049981]A PUR request prohibit timer, including the value ‘inf’, is introduced which can be provided to the UE in response to ‘PUR configuration request’.
Note that the prohibit timer would be sent in response to the ‘PUR configuration request’, to defer any subsequent requests, and therefore different from the ExtendedWaitTime brought up in RAN2 email discussion 107#58 (the latter as a possible addition to the DL PUR RRC response message to avoid RA/EDT in between PUR transmissions).


2.7 	eNB restart
Assigning radio resources long-term to UEs in RRC_Idle can also be problematic in case the eNB would temporarily go down or be restarted. If this is unexpected, all UEs in the cell configured with PUR would be unaware and continue transmitting in the previously assigned radio resources. eNB may after restart be unaware of any earlier PUR configurations, and therefore these transmissions would have a clear negative impact on uplink performance. To resolve the problem, the PUR configurations of these UEs would have to be released, but if is unknown when transmissions will occur and if they collide with dynamically scheduled transmissions it may be difficult to find out the UE IDs of these UEs. Therefore, we propose the following:
[bookmark: _Toc21049982]Introduce a mechanism to invalidate PUR configurations done prior to eNB restart.

2.8	Multiple D-PUR Configurations
In RAN2#106 the following was noted as an FFS in the agreements:
· Whether a UE can have more than one parallel D-PUR configurations
Having multiple PUR configurations for the same UE adds complexity:
· Indication of which PUR configuration is (re-/de-)configured.
· Conflict due to PUR SS Window overlap
· Collision of PUR occasions
· Using multiple HARQ processes
Given that there already very many open issues for PUR, and not very many remaining meetings to close those we prefer keeping the PUR solution less complicated to ensure it is finished on time.
We are not convinced that the gain is worth the added complexity, the scheduler would not only have to keep track of PUR configurations from many different UEs but which one from a certain UE is used, re-configured, or released, etc. Is there a use case that can motivate this? (Note that ‘one shot D-PUR’ could address the use case of two different PUR periods for a UE with only one PUR configuration).
[bookmark: _Toc21049983]Multiple PUR-configurations for the same UE are not supported in Rel-16.

2.9	PUR-PSM Combination
The benefit of PUR for the UE is reduced energy consumption. Therefore, PUR UEs would typically be configured with either eDRX or PSM. eDRX is discussed separately in the ‘Prioritization of Paging or PUR’ Section. For UEs configured with PUR there will be a window for DL reachability, the Active Time, after each connection, either after TAU whenever the period TAU timer expires or after UL transmission in case of MO data. (Note that if the frequency of MO Data is shorter than the periodic TAU periodicity, TAU will never be triggered). Our assessment of how PUR would work in combination with PSM is therefore the following:
· TAU periodicity > PUR period: TAU will never be triggered, if the periodic TAU timer is restarted upon PUR (which it should be). The possibility of appending data in the DL PUR RRC response message (L2/L3 ACK) could be a sufficient replacement of the active time. (As proposed separately, DRX may have to be applied to the PUR SS Window to make it long enough to be able to include NAS signaling).
· TAU periodicity < PUR period: There is no point of configuring PUR in this case since the TAU signaling and active time will consume much more energy than PUR will save. Consider this a mis-configuration.
 In summary, configuring PSM in combination with PUR could effectively minimize the DL monitoring and rely on the possibility for including DL data in the PUR RRC response message. As for the eDRX this may require that the S-TMSI is included in the UL PUR message.
[bookmark: _Toc21049984]When PSM is configured, periodic TAU timer is restarted upon PUR transmission (but not upon PUR skip).
[bookmark: _Toc21049990]The combination of PSM and PUR effectively works to minimize the UE energy consumption from DL monitoring.

2.10	Contention-free Shared PUR
In RAN1#97 there was the following working assumption for NB-IoT (and similar for LTE-M):
Working assumption  
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.

In practice this is about the potential support for CFS-PUR using MU-MIMO. If agreed, multiple UEs could be configured for PUR transmission in the same physical resource. However, due to the use of different cyclic shifts, eNB would still be able to decode the UEs separately and the DMRS transmission could still be considered as orthogonal. Therefore, in our understanding, apart from additional PHY-layer parameters (e.g., cyclic shifts) in the PUR configuration, the RAN2 procedures and behavior would be the same as for D-PUR.
[bookmark: _Toc21049991]If the RAN1 working assumption on support of CFS-PUR is confirmed, new optional PHY-layer parameters would have to be added to the PUR configuration (e.g., cyclic shifts) but other RAN2 procedures would be the same as for D-PUR.

Conclusion
In the previous sections we made the following observations: 
Observation 1	The lack of AS security at the time of PUR (re)configuration and release is a severe security problem.
Observation 2	It’s not feasible to store the UE PUR context only in MME for the CP-solution since eNB must be aware of upcoming transmissions and current radio resource configuration.
Observation 3	A DL PUR message (L2/L3 ACK) is required for the UE to ensure that the data has been received by the intended receiving entity.
Observation 4	For UP-PUR a DL PUR message (L2/L3 ACK) would always have to be used to provide the UE with an NCC.
Observation 5	For UE supporting L1 ACK, eNB can configure whether or not ‘verified data delivery’ is used, i.e. if a DL PUR RRC message (L2/L3 ACK) is always sent in response (FFS indication to UE).
Observation 6	The combination of PSM and PUR effectively works to minimize the UE energy consumption from DL monitoring.
Observation 7	If the RAN1 working assumption on support of CFS-PUR is confirmed, new optional PHY-layer parameters would have to be added to the PUR configuration (e.g., cyclic shifts) but other RAN2 procedures would be the same as for D-PUR.

Based on the discussion in the previous sections we propose the following:
Proposal 1	PUR configuration can be provided without, or not in association to, ‘PUR configuration request’ from the UE if the UE supports PUR.
Proposal 2	AS security needs to be active at the time of PUR configuration, re-configuration, or release.
Proposal 3	The PUR configuration is stored in UE context in eNB for both UP- and CP-solutions.
Proposal 4	A UE can indicate its preference in the ‘PUR configuration request’ if L1 ACK may be used.
Proposal 5	The combination of EDT and PUR is not supported.
Proposal 6	A PUR request prohibit timer, including the value ‘inf’, is introduced which can be provided to the UE in response to ‘PUR configuration request’.
Proposal 7	Introduce a mechanism to invalidate PUR configurations done prior to eNB restart.
Proposal 8	Multiple PUR-configurations for the same UE are not supported in Rel-16.
Proposal 9	When PSM is configured, periodic TAU timer is restarted upon PUR transmission (but not upon PUR skip).
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