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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 RAN2#103bis the following agreements were reached:
	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




In RAN1#94bis the following agreements were reached for LTE-M and NB-IoT [3] (here the LTE-M agreements are quoted, the NB-IoT agreements are identical but with NPUSCH and 2 HARQ processes):
	
Agreement
In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):
· Serving cell changes (serving cell refers the cell that the UE is camping on)
· Time Alignment Timer for idle mode 
· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)
· FFS Other attributes: 
· Neighbour cell RSRP change
· TDOA of >=2 eNBs 
· TA History
· Subscription based UE differentiation
· Others not precluded (for example, attributes that need to be considered for high mobility UEs)
Note that UE power consumption should be taken into account for the FFS attributes

Agreement
Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
· PUSCH resource is time-frequency resource
· Dedicated PUR is contention-free 
Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CFS PUR is contention-free 
Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
· PUSCH resource is at least time-frequency resource
· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 
In IDLE mode, HARQ is supported for transmission in dedicated PUR
· A single HARQ process is supported, 
· FFS whether more than one HARQ processes are supported
· FFS: The design of the corresponding MPDCCH search space

Agreement
In idle mode, dedicated PUR is supported.
· Support for CFS PUR is FFS.
· Support for CBS PUR is FFS.

Agreement 
For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement
For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement
Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

Agreement
The resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Frequency domain resources
· TBS(s)/MCS(s)




In this contribution we continue to discuss the higher layer aspects of preconfigured uplink resources.
[bookmark: _Ref178064866]2	Discussion
In the following, dedicated PUR in Idle mode is discussed unless mentioned otherwise.
2.1	Timing Advance aspects
It has by RAN1 been agreed that a PUR UE “may use the latest TA that passed the validation criteria”, where the validation criteria are 1) Serving cell changes, 2) Idle Time Alignment Timer, and 3) Serving cell RSRP changes (other criteria are still FFS). Since according to the WI-objective “UEs with a valid timing advance” can use PUR, a UE is allowed to use PUR for transmission if it can fulfill the above criteria. More specifically, the RAN1 agreement states that “one or more of the following attributes” and we propose to make this configurable by the network.
[bookmark: _Toc528879148]The network configures which or which ones of the supported TA validation mechanism(s) is to be used for the transmissions over PUR.
The open issue is the behavior when the criteria is not fulfilled and the TA is not valid. We see two possible solutions for this:
A. The PUR configuration is kept and there is signaling to update only the TA.
B. The PUR configuration is released and the UE falls back to legacy RRC connection establishment or EDT.
First, the signaling required in A is essentially Msg1 and Msg2 of the RA-procedure (possibly aborted after Msg2). Second, the TA is inherently connected to the PUR configuration and if it is no longer valid it should be re-evaluated if the UE should be configured with PUR. 
[bookmark: _Toc528879149]If a UE does not pass the TA validation criteria, it should fall back to legacy RRC Connection Establishment or EDT procedure. 

[bookmark: _GoBack]In order to assign a TA to the UE, there must in general be at least one UL transmission and one DL transmission with feedback on the timing back to the UE. Therefore, in practice PUR will not be applicable for the initial transmission in a cell. Further, RAN1 has agreed the following:
· Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.

Therefore, it is feasible that both the TA and the PUR configuration are obtained in the initial legacy RRC connection establishment (or possibly EDT) in the cell. Therefore, a legacy transmission is required for the initial data transmission and the most straight-forward solution is to configure PUR via dedicated RRC signalling.
[bookmark: _Toc525545816][bookmark: _Toc525547967][bookmark: _Toc525547990][bookmark: _Toc525810883][bookmark: _Toc525811219][bookmark: _Toc525811231][bookmark: _Toc525830110][bookmark: _Toc525830124][bookmark: _Toc528879150]The UE obtains the TA and PUR configuration via dedicated RRC signalling in an initial legacy RRC connection establishment in the cell (EDT is FFS).

2.2	Data Transmission
RAN1 has now defined the PUR data transmission as a PUSCH resource for both dedicated PUR, CFS PUR, and CBS PUR. To avoid a lot of work in RAN2, the PUR data transmission could reuse a lot from Rel-15 EDT. That is, the PUR data transmission could be similar to the EDT data transmission in Msg3. Potentially RAN2 could also consider reusing the EDT Msg3 and Msg4 RRC messages or use them as a baseline for new PUR RRC messages.
[bookmark: _Toc524874911][bookmark: _Toc524941967][bookmark: _Toc525020859][bookmark: _Toc525545818][bookmark: _Toc525547969][bookmark: _Toc525547992][bookmark: _Toc525810885][bookmark: _Toc525811221][bookmark: _Toc525811233][bookmark: _Toc525830112][bookmark: _Toc525830126][bookmark: _Toc528879151]Rel-15 EDT Msg3/Msg4 transmission is used as baseline for PUR data transmission.

In the appendix an example of a possible signalling diagram for PUR is provided.

2.3	Dedicated PUR
In RAN2#103bis it was agreed at least initially to focus on dedicated PUR in Idle mode. The UE would in this case be provided with a PUR configuration and TA in the initial access as discussed above (see Figure 1). The PUR resource can be configured tailor-made to the UE, e.g. with respect to its traffic profile, capabilities, CE-level, etc. In this example the PUR resources are configured with the same periodicity, TBS, etc. and requires that the traffic is perfectly predictable.
[image: ]
[bookmark: _Ref528693173]Figure 1: Dedicated PUR with periodic resources.
On top of requiring perfect traffic prediction, another potential problem is the configuration of dedicated radio resources to UEs in RRC_IDLE mode. That is, the eNB does not normally keep track of UEs in RRC_IDLE mode and reserving radio resources for UEs that might no longer be in the cell could rather degrade UL transmission efficiency than improve it (since resources are wasted). In addition, PUR is very challenging for the scheduler which can no longer work on a short time-scale but must keep track of upcoming transmissions far into the future for all UEs. However, there is no reason why periodic resources would have to be reserved. Dedicated PUR resources could be reserved for one PUR transmission at a time. I.e., only one PUR resource allocated, and later upon that transmission resources are reserved for the next PUR transmission, and so on. This would greatly reduce the probability of resource waste and make the feature useful to more use-cases than with perfectly periodic traffic. 
[bookmark: _Toc528879144]PUR will have negative impact on the scheduler since it must keep track of upcoming transmissions far into the future for all UEs.
[bookmark: _Toc528879145]PUR configured for one transmission at a time would limit the scheduler complexity since only one upcoming transmission per PUR UE would be needed to be kept track of.
[bookmark: _Toc528879146]PUR configured for one transmission at a time limits the resource waste if UEs leave the cell or for other reasons do not transmit in the PUR resources.
[bookmark: _Toc528879152]Dedicated PUR can be configured periodically or for one transmission occasion at a time.

This is illustrated in Figure 2. The principle could be similar to Rel-12 PSM, where the UE requests a periodicity and a TBS for the subsequent PUR transmission and it is up to the network to grant or reject the request. Alternatively, it could be thought of as a BSR with an additional delay for the transmission. That is, in legacy operation the BSR indicates to the eNB how much data the UE would like to transmit, and implicitly that it would like to transmit it as soon as possible. The per-request PUR would be similar but adding a delay for the transmission, the delay being the requested PUR periodicity.
[image: ]
[bookmark: _Ref528694633]Figure 2: Dedicated PUR with per-request transmission.
This automatically reduces the resource waste since at most one transmission occasions is wasted if the UE leaves the cell or for other reasons do not transmit in the PUR resource. Further, it is more adaptive if either the TBS or interval should change. The drawback is, of course, the slight increase in signalling overhead from piggy-backing the information. However, if the interval and TBS should always be the same for the UE, this could easily be solved by a flag stating that the same interval and TBS as last time should be applied.
Given that the traffic prediction is the weak spot of the dedicated PUR, everything that can make the solution more flexible is likely beneficial. For example, adaption or modification of the PUR configuration with regards to TBS, periodicity, link adaptation, power control, number of repetitions, etc. In the per-request solution it is inherent that the UE per transmission has the possibility to request a modified PUR configuration, and that the network can configure a modified PUR configuration. It would however be beneficial to have the same possibility also for the periodic PUR. I.e., that the UE optionally can request a modified PUR configuration, and that a modified PUR configuration can optionally be provided to the UE by the network.
[bookmark: _Toc528879153]RRC re-configuration of the PUR configuration is supported as part of the PUR transmission procedure.

The PUR parameters in the PUR configuration must consist of everything the UE needs to know to be able to transmit in the dedicated PUR resource. That is, in principle information otherwise provided in DCI plus some PUR specific parameters. See also the RAN1 agreement related to this issue.
[bookmark: _Toc524874908][bookmark: _Toc524941964][bookmark: _Toc525020856][bookmark: _Toc525545822][bookmark: _Toc525547973][bookmark: _Toc525547996][bookmark: _Toc525810889][bookmark: _Toc525811225][bookmark: _Toc525811237][bookmark: _Toc525830116][bookmark: _Toc525830130][bookmark: _Toc528879154]The PUR configuration consists of at least the periodicity (optional), TBS, number of repetitions for CE, frequency resource, and start position. 

For the TBS, the assumption is that only one PUR resource is configured per PUR period. That is, similar to EDT, it is focusing on small data transmission and the max TBS is limited to e.g. 1000 bits. A difference is however that for dedicated PUR configuration the UE capability will be known, therefore a TBS up to the max TBS supported by the UE category could be used.
Note that this is for the configured PUR resource. Occasionally the UE might get unexpected data to transmit and it could be of interest to specify a generic solution which could also handle this. I.e. in the (infrequent) case the UE UL buffer exceeds the configured PUR TBS it could be considered to allow the UE to include a BSR in the PUR transmission such that the eNB moves the UE to RRC_CONNECTED in the same way as for EDT for subsequent transmission of the remaining data. Such EDT-like mechanism would also be of interest for when the network has pending DL data (i.e. more than can fit in PUR Msg2). 
[bookmark: _Toc528879155]The PUR TBS is limited to the max TBS supported by the UE category.
[bookmark: _Toc528879156]Consider allowing the UE to include BSR in the PUR transmission and the eNB to move the UE to RRC_CONNECTED for subsequent transmission. 

The network would then need to store these parameters when the UE moves to RRC_IDLE. For the CIoT UP-solution (RRC Suspend/Resume), this could mean adding the PUR parameters to the stored UE context. For the CIoT CP-solution (DoNAS), this could mean adding the PUR parameters to the stored UE context in MME.[footnoteRef:2] Further, it must also be ensured that the scheduler is aware of all these PUR occasions.  [2:  Note that although the signalling could support reusing the PUR parameters in a new cell, this may not be practically useful since the UE might anyway have to obtain a TA in the new cell.] 

[bookmark: _Toc525547974][bookmark: _Toc525547997][bookmark: _Toc525810890][bookmark: _Toc525811226][bookmark: _Toc525811238][bookmark: _Toc525830117][bookmark: _Toc525830131][bookmark: _Toc528879157]PUR configuration parameters are stored with the UE-context.

2.4	PUR resource configuration
The PUR start position and the PUR periodicity can either be based on clock time or SFN. The benefit of clock time is that for longer periodicities it may be more natural for the application layer, e.g. to transmit a sensor report every 24h. An SFN based solution would be limited to ~3h (SFN and H-SFN numbering 1048576 radio frames), but additional H-SFN bits could be kept track of in the network and communicated to the UE as part of the PUR configuration if longer periodicities are desired. Furthermore, an SFN based periodicity would drift over the clock hours such that it would not be possible to consistently configure a report e.g. at midnight every day. This is not a severe drawback and it could easily be avoided by the per-request PUR. The problem with the clock-based solution is that it is difficult to unambiguously define the subframe for transmission. That is, in other clock time based solutions the UE or the network triggers a transmission at the expiration of a timer. For example, TAU is triggered in the UE for Rel-12 PSM. However, for these solutions it is not required that the UE and eNB have a common understanding of which subframe the transmission will take place in. For the unambiguous definition of the transmission subframe, the same principle as for paging must be applied.
[bookmark: _Toc528879158]PUR periodicity and start position is based on SFN.
[bookmark: _Toc528879147]If PUR periodicity longer than 3h is needed, additional H-SFN bits could be added to the PUR configuration.
For the PUR start position also the starting subframe would needed to be pointed out, for example 20 SFN bits could be used to point out the radio frame, and 3-4 bits to point out the starting subframe, depending on if all 10 subframes are viable candidates or if some non-valid subframes can be excluded (note that a bitmap is not required since there is only one starting point). 
2.5	Multiplexing of periodic PUR UEs
For both LTE-M and NB-IoT it is desirable to be able to multiplex PUR UEs in the same narrowband or carrier. For per-request PUR this is straight forward; as for legacy dynamic transmission the scheduler would need to check that no other UEs has been assigned to the radio resource before granting the UE a PUR resource. For periodic PUR, however, without any requirement on the PUR periodicity UEs will eventually collide. This is schematically illustrated for transmission without CE in Figure 3. First, obviously UEs must be provided with a unique PUR start position (either on radio frame or subframe level, up to RAN1). Doing that ensures that UEs with the same periodicity will not collide (UE1 and UE2). If the periodicity is a factor of 2 for a third UE3, it is also ensured that there will be no collisions. However, for an arbitrary UE periodicity there will eventually be a collision (UE4 with a non-2n period).
[image: ]
[bookmark: _Ref528703012]Figure 3: Illustration of the need for requirements on the PUR periodicity.
Therefore, to enable multiplexing of periodic PUR UEs we propose that the granularity for the PUR periodicity is based on a power of 2. For example, as 10*2n subframes. That is, to avoid collision it must be ensured that:
1. PUR starting positions are unique
2. PUR periodicity is defined as a power of 2.
3. The total transmission time for all multiplexed UEs is shorter than the minimum PUR period (See Figure 4).

[bookmark: _Toc528879159]The PUR periodicity parameter is quantized as a power of 2 to allow for multiplexing of PUR UEs.

It is then straight-forward to multiplex UEs with the same periodicity, as indicated for UE1 and UE3 in Figure 4. Using a PUR periodicity which is a power of 2 would enable the scheduler to also multiplex UE with other periodicities, e.g. UE2 with double the periodicity in the figure. 
[image: ]
[bookmark: _Ref528702474]Figure 4: Illustration of PUR UE multiplexing.
Note only the scheduler is concerned with the relative start positions for the different UEs, the UE itself would only need to know its PUR start position and PUR periodicity. 
A remaining issue is the range for the PUR periodicity. For the minimum value, since PUR transmission is in Idle mode, it does not make sense to have periodicities shorter that the network would keep the UE in RRC Connected, i.e. on the order of a couple of seconds. For the maximum value, for very long periodicities the gain for the UE will become insignificant. This since the UE power consumption will be dominated by monitoring of paging and other Idle mode procedures for very infrequent transmissions. For the ‘Improved UL transmission efficiency’ there may still be gains however. For the discussion of the determination of the PUR periodicity, an example of 2n PUR periodicities over the HSFN is given in Table 1.
[bookmark: _Ref528708576]Table 1: Example of PUR periodicity range.
	SFN:
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024

	Time:
	0.02s
	0.04s
	0.08s
	0.16s
	0.32s
	0.64s
	1.28s
	2.5s
	5s
	10s

	
	
	
	
	
	
	
	
	
	
	

	SFN:
	2048
	4096
	8192
	16384
	32768
	65536
	131072
	262144
	524288
	1048576

	Time:
	20s
	41s
	1.4min
	2.7min
	5.5min
	11min
	22min
	43min
	1.5h
	3h




Conclusion
In the previous sections we made the following observations: 
Observation 1	PUR will have negative impact on the scheduler since it must keep track of upcoming transmissions far into the future for all UEs.
Observation 2	PUR configured for one transmission at a time would limit the scheduler complexity since only one upcoming transmission per PUR UE would be needed to be kept track of.
Observation 3	PUR configured for one transmission at a time limits the resource waste if UEs leave the cell or for other reasons do not transmit in the PUR resources.
Observation 4	If PUR periodicity longer than 3h is needed, additional H-SFN bits could be added to the PUR configuration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The network configures which or which ones of the supported TA validation mechanism(s) is to be used for the transmissions over PUR.
Proposal 2	If a UE does not pass the TA validation criteria, it should fall back to legacy RRC Connection Establishment or EDT procedure.
Proposal 3	The UE obtains the TA and PUR configuration via dedicated RRC signalling in an initial legacy RRC connection establishment in the cell (EDT is FFS).
Proposal 4	Rel-15 EDT Msg3/Msg4 transmission is used as baseline for PUR data transmission.
Proposal 5	Dedicated PUR can be configured periodically or for one transmission occasion at a time.
Proposal 6	RRC re-configuration of the PUR configuration is supported as part of the PUR transmission procedure.
Proposal 7	The PUR configuration consists of at least the periodicity (optional), TBS, number of repetitions for CE, frequency resource, and start position.
Proposal 8	The PUR TBS is limited to the max TBS supported by the UE category.
Proposal 9	Consider allowing the UE to include BSR in the PUR transmission and the eNB to move the UE to RRC_CONNECTED for subsequent transmission.
Proposal 10	PUR configuration parameters are stored with the UE-context.
Proposal 11	PUR periodicity and start position is based on SFN.
Proposal 12	The PUR periodicity parameter is quantized as a power of 2 to allow for multiplexing of PUR UEs.
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Appendix
In the below figure an example of a signaling diagram for PUR configuration is given. Note that this is assuming a legacy connection establishment procedure for the initial access in the cell, but as a optimization it could be made to work with EDT as well.


Figure 5: Example of signalling diagram for PUR configuration.
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