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[bookmark: _Toc520930821]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 RAN1 #94, the following agreements were reached [3] (identical agreements for NB-IoT and LTE-M). 

	Agreement
[bookmark: _Hlk523907575]Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA
· [bookmark: _Hlk523907706]FFS: Validation mechanism for TA
· [bookmark: _Hlk523907727]FFS: How the pre-configured UL resources is acquired

Agreement
For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed
Agreement 
Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.
Agreement
HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 
· Whether to support HARQ;
· If supported, details of HARQ design including the number of HARQ processes;
· Whether ACK/NACK is necessary
Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.




In this contribution we discuss the higher layer aspects of preconfigured uplink resources.
[bookmark: _Ref511996703][bookmark: _Toc520930822]Discussion
Due to a typical massive MTC characteristic of small infrequent data, we believe preconfigured uplink resources (PUR) to be most relevant and beneficial in RRC_IDLE. Therefore, therefore the continued discussion is for Idle-PUR unless otherwise mentioned. Connected-PUR is discussed at the end in Section 2.4. Further, the use case of uplink reporting is considered in the discussion below (see separate contribution for more discussion on the use case).
Timing Advance aspects
According to the WI-objective, the UE is allowed to use PUR “with a valid timing advance”. In legacy operation, in Msg2 the UE obtains the Timing Advance (TA) to apply for uplink transmissions to be received in sync (Timing Advance Command in RAR, see TS 36.321). The eNB configures the UE with a timer during which it should consider the timing advance to be valid (timeAlignmentTimer in MAC-MainConfig in TS 36.331), and after the expiration of this timer the UE must again perform random access to obtain a new Timing Advance. Since it is stated that the UE must have a valid TA for Rel-16 PUR, there are two options: 1) the UE is stationary enough to reuse its previous TA, i.e. moving within the length of the cyclic prefix, or 2) the UE moves but constantly updates TA to keep it valid. For option 2) to work, signaling is required. E.g. triggering a random access whenever the UE has moved more than what can be covered by the cyclic prefix. In any way uplink transmissions are required, which has a negative impact on the two KPIs the WI-objective tries to improve: UL transmission efficiency and UE power consumption.
[bookmark: _Toc524941968][bookmark: _Toc525020860][bookmark: _Toc525545813][bookmark: _Toc525547964][bookmark: _Toc525547987][bookmark: _Toc525810880][bookmark: _Toc525811216][bookmark: _Toc525811228][bookmark: _Toc525830107][bookmark: _Toc525830121]Signaling just to maintaining a valid Timing Advance for mobile UEs in RRC_IDLE is not feasible. 
[bookmark: _Toc524941969][bookmark: _Toc525020861][bookmark: _Toc525545814][bookmark: _Toc525547965][bookmark: _Toc525547988][bookmark: _Toc525810881][bookmark: _Toc525811217][bookmark: _Toc525811229][bookmark: _Toc525830108][bookmark: _Toc525830122]Transmission in preconfigured uplink resources in RRC_IDLE is limited to UEs which can reuse their Timing Advance from previous transmission. 
For legacy operation, eNB can base the length of the timeAlignmentTimer on the UEs speed, cell size, etc. Moreover, low mobility UEs will not move very far during the relatively short time in RRC_CONNECTED. For PUR, however, the UE can be in RRC_IDLE for several hours and then return to transmit. A timer-based solution is then not sufficient since eNB has no means to estimate whether the UE’s TA will be valid or not when it returns. Therefore, and since the UE will be in RRC_IDLE, there will be a need for requirements on the UE. That is, the UE should fulfil certain conditions to check that the TA is valid before PUR access. 
[bookmark: _Toc524874912][bookmark: _Toc524941970][bookmark: _Toc525020862][bookmark: _Toc525545815][bookmark: _Toc525547966][bookmark: _Toc525547989][bookmark: _Toc525810882][bookmark: _Toc525811218][bookmark: _Toc525811230][bookmark: _Toc525830109][bookmark: _Toc525830123]The UE must fulfil certain requirements to ensure its Timing Advance is valid before accessing using preconfigured uplink resources. Exact requirements are FFS.

Furthermore, the UE must transmit at least once in the UL in order to be assigned a TA. That is, in practice PUR will not be applicable for the initial transmission in a cell.
Since the UE must obtain the Timing Advance, transmission in preconfigured uplink resources is not possible for the initial transmission in a cell.
Therefore, a legacy transmission is required for the initial data transmission and the most straight forward solution is to configure PUR via e.g. dedicated RRC signalling.
[bookmark: _Toc525545816][bookmark: _Toc525547967][bookmark: _Toc525547990][bookmark: _Toc525810883][bookmark: _Toc525811219][bookmark: _Toc525811231][bookmark: _Toc525830110][bookmark: _Toc525830124]Transmission in preconfigured uplink resources is configured by dedicated signalling, e.g. dedicated RRC.

Data Transmission
For the actual data transmission there are potentially a lot of RAN2 open issues. If in general RAN1 agrees on some new physical channel for PUR transmission (potentially supporting only smaller TBSs), RAN2 needs to ensure a solution with working data addressing/routing, working retransmissions, potentially contention resolution, security, etc. This could require a lot of RAN2 work and all protocol layers would have to be looked at; MAC, RLC, PDCP, etc. 
[bookmark: _Toc524874910][bookmark: _Toc524941966][bookmark: _Toc525020858][bookmark: _Toc525545817][bookmark: _Toc525547968][bookmark: _Toc525547991][bookmark: _Toc525810884][bookmark: _Toc525811220][bookmark: _Toc525811232][bookmark: _Toc525830111][bookmark: _Toc525830125]Transmission in preconfigured uplink resources could potentially have a lot of RAN2 impact.
However, the data transmission could reuse a lot of work from Rel-15 EDT, where all these issues have been solved. That is, for both solutions considered below, shown in Figure 1 and Figure 2, the data transmission part could be done 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. This would avoid the many potential open issues described above.
[bookmark: _Toc524874911][bookmark: _Toc524941967][bookmark: _Toc525020859][bookmark: _Toc525545818][bookmark: _Toc525547969][bookmark: _Toc525547992][bookmark: _Toc525810885][bookmark: _Toc525811221][bookmark: _Toc525811233][bookmark: _Toc525830112][bookmark: _Toc525830126]Rel-15 EDT Msg3/Msg4 data transmission is used as baseline for transmission in preconfigured uplink resources.

Contention-free or Contention-based data transmission
From RAN2 perspective it should be discussed and clarified if the transmission is contention-based or contention-free instead of dedicated/shared. (The notation shared in RAN1 is somewhat misleading since a UE can have a dedicated assignment in a shared resource, e.g. a UE-specific code in a shared CDMA resource. Therefore, the notation ‘common resource’ is used here when the transmission is contention-based). What matters however is if the PUR data transmission is contention-based or contention-free.
Contention-based PUR
For contention-based PUR, the UE would be given a common PUR configuration and TA in the initial access, see Figure 1. These common PUR could be selected by any UE and transmitting data there would be at the risk of collision. The configuration is perhaps most motivated as periodic resources, much like how PRACH is configured. In a similar way different CE-levels would have to be supported, and in addition several TBSs, which may make this solution very resource consuming.

[image: ]
[bookmark: _Ref525539630]Figure 1: Illustration of contention-based PUR transmission.
Upon data arrival, the UE would select the subsequent periodic PUR to transmit its data. No knowledge of UE predicted traffic would be required. However, transmissions would be performed at the risk of collision, and if no improvements are done at the PHY-layer the collision risk is x64 or x48 compared to legacy for LTE-M and NB-IoT, respectively, due to the lack of preamble selection. If it cannot be ensured that the collision risk is lower than for the legacy procedure (i.e. compared to EDT), common-PUR could perform worse than legacy. If so, it is very hard to motive contention-based PUR. Further, HARQ retransmissions would not be possible in this case since there is no possiblity to schedule a retransmission or, if the subsequent common-PUR resource is used, to know that it is a retransmission or not.









Table 1: Pros and Cons for contention-based PUR.
	Pros:
	Cons:

	· Supports sporadic traffic/no traffic prediction needed.
	· Collision rate potentially higher that legacy.

	
	· High resource consumption (supporting multiple CE-levels, TBSs, etc).

	
	· Potential gains to UE power consumption, but no gains to ‘Improved UL transmission efficiency’.

	
	· Gain from higher UE capabilities requires resource partition and adds to overhead (e.g higher data-rates, multi-tone, Cat-M2/Cat-NB2, etc.)

	
	· HARQ retransmission not possible.



Since the common resources can be used by any UE, resource partitioning would be required to make use of higher UE capabilities. That is, taking advantage of e.g. multi-tone, higher data-rates, Cat-M2/Cat-NB2, etc. would come at the expense of even higher resource overhead. Due to this fact, Contention-based PUR is perhaps most well suited for use-cases with sporadic traffic were most often nothing is being transmitted, such as alarms etc. Even then uplink efficiency gains are highly questionable, but UEs would have somewhat reduced power consumption since Msg1 and Msg2 can be omitted. Whether that reduction is noticeable when there is most often no transmission remains to be seen.
[bookmark: _Toc525545819][bookmark: _Toc525547970][bookmark: _Toc525547993][bookmark: _Toc525810886][bookmark: _Toc525811222][bookmark: _Toc525811234][bookmark: _Toc525830113][bookmark: _Toc525830127]Contention-based transmission in preconfigured uplink resources may be justified by use-cases with sporadic and rare transmissions, such as alarms etc.

Contention-free PUR
For contention-free PUR, the UE would be given a dedicated PUR resource and TA in the initial access, see Figure 2. The PUR resource could be configured tailor-made to the UEs traffic profile, capabilities and CE-level. In addition, the PUR transmission would be guaranteed to be collision free. Therefore, as long as the configured resources are used, gains in both uplink transmission efficiency and UE power consumption would be ensured.

[image: ]
[bookmark: _Ref524864022][bookmark: _Ref525545647]Figure 2: Illustration of contention-free PUR transmission.
A potential problem is the configuration of dedicated radio resources to UEs in RRC_IDLE mode. That is, 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 would rather degrade UL transmission efficiency than to improve it since resources would be wasted. However, there is no reason why periodic resource would have to be reserved. Dedicated-PUR resources could be reserved for one PUR transmission at the 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 limit the potential resource waste and make the feature useful to more than use-cases with perfectly periodic traffic. Alternatively, the resource reservation could be timer based.

Table 2: Pros and Cons for dedicated preconfigured uplink resources.
	Pros:
	Cons:

	· Less resource waste, resources assigned only when needed.
	· Approximate traffic prediction required to have 100% resource utilization.

	· Adaptive to UE, no additional resource waste from multiple CE-levels, TBSs, etc.
	· The network must keep track of the UE’s reserved resources.

	· Collision free  guaranteed gains for both UE power consumption & UL Tx efficiency.
	

	· UE-specific higher data rates possible (i.e. gains from capabilities such as multi-tone, Cat-M2/Cat-NB2, etc.)
	

	· HARQ retransmissions.
	



Based on the analysis above, we believe that contention-free PUR is the good solution due to less system overhead and guaranteed gains according to the WI-objective. We therefore propose the following:
[bookmark: _Toc524874906][bookmark: _Toc524941962][bookmark: _Toc525020854][bookmark: _Toc525545820][bookmark: _Toc525547971][bookmark: _Toc525547994][bookmark: _Toc525810887][bookmark: _Toc525811223][bookmark: _Toc525811235][bookmark: _Toc525830114][bookmark: _Toc525830128]Transmission in preconfigured uplink resources is supported in RRC_IDLE in dedicated resources.

Dedicated configuration
For dedicated-PUR some UE-specific parameters would have to be configured over dedicated signalling, e.g dedicated RRC. These would for example be the PUR interval (i.e. resource time offset), the PUR TBS, any allocation information for the PUR resource, etc. As described above there is big potential benefit with assigning only one PUR resource at the time, and the same principle as for Rel-12 power saving mode (PSM) could be applied. That is, per uplink transmission the UE would request a PUR-interval and PUR-TBS, and the network reply with the configuration parameters the UE should apply. 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.
[bookmark: _Toc524874907][bookmark: _Toc524941963][bookmark: _Toc525020855][bookmark: _Toc525545821][bookmark: _Toc525547972][bookmark: _Toc525547995][bookmark: _Toc525810888][bookmark: _Toc525811224][bookmark: _Toc525811236][bookmark: _Toc525830115][bookmark: _Toc525830129]Dedicated transmission in preconfigured uplink resources is configured for one transmission occasion at the time.

As illustrated in Figure 2, the UE would be configured during an RRC Connection (or EDT transmission). Both eNB and UE would need to have a common understanding of when the subsequent transmission will occur. 
[bookmark: _Toc524874908][bookmark: _Toc524941964][bookmark: _Toc525020856][bookmark: _Toc525545822][bookmark: _Toc525547973][bookmark: _Toc525547996][bookmark: _Toc525810889][bookmark: _Toc525811225][bookmark: _Toc525811237][bookmark: _Toc525830116][bookmark: _Toc525830130]Interval (time resource offset) and TBS are used as configuration parameters for dedicated transmission in preconfigured uplink resources. Other parameters are FFS.
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 would mean adding the PUR parameters to the stored UE context. For the CIoT CP-solution (DoNAS), this would mean adding the PUR parameters to the stored UE context in MME. Further, it must also be ensured that the scheduler is aware of all these PUR occasions. 
[bookmark: _Toc525547974][bookmark: _Toc525547997][bookmark: _Toc525810890][bookmark: _Toc525811226][bookmark: _Toc525811238][bookmark: _Toc525830117][bookmark: _Toc525830131]Configuration parameters for preconfigured uplink resources are added to the UE-context.
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: _Ref524727462]PUR in RRC_CONNECTED
Above, PUR in RRC_IDLE has been discussed but the WI-objective potentially also includes PUR in RRC_CONNECTED. First, consider common-PUR in Connected. The UE has gone through the random access procedure to obtain a connection and dedicated radio resources for transmission. To then transmit data in common resources at the risk of collision and retransmission is less efficient than to trigger a Scheduling Request.
Dedicated-PUR in Connected, on the other hand, would be very similar to SPS. Note that LTE-M already has support for SPS, whereas for NB-IoT no strong need was seen in Rel-15 and SPS support Rel-15 was only introduced for BSR. However, since massive MTC traffic is not perfectly periodic on subframe-level, like VoIP that SPS was originally introduced for, there would still be a need for some PUR modifications of SPS. For example, the configuration of one PUR resource at the time as discussed above for Idle mode.
[bookmark: _Toc524874913][bookmark: _Toc524941971][bookmark: _Toc525020863][bookmark: _Toc525545824][bookmark: _Toc525547975][bookmark: _Toc525547998][bookmark: _Toc525810891][bookmark: _Toc525811227][bookmark: _Toc525811239][bookmark: _Toc525830118][bookmark: _Toc525830132]Transmission in preconfigured uplink resources in RRC_CONNECTED is considered in dedicated resources (contention-free) but not in common resources (contention-based).

[bookmark: _Toc520930831]Conclusion
Based on the discussion in Section 2 we make the following observations and proposals:
Observation 1	Signaling just to maintaining a valid Timing Advance for mobile UEs in RRC_IDLE is not feasible.
Observation 2	Transmission in preconfigured uplink resources in RRC_IDLE is limited to UEs which can reuse their Timing Advance from previous transmission.
Proposal 1	The UE must fulfil certain requirements to ensure its Timing Advance is valid before accessing using preconfigured uplink resources. Exact requirements are FFS.
Proposal 2	Transmission in preconfigured uplink resources is configured by dedicated signalling, e.g. dedicated RRC.
Observation 3	Transmission in preconfigured uplink resources could potentially have a lot of RAN2 impact.
Proposal 3	Rel-15 EDT Msg3/Msg4 data transmission is used as baseline for transmission in preconfigured uplink resources.
Observation 4	Contention-based transmission in preconfigured uplink resources may be justified by use-cases with sporadic and rare transmissions, such as alarms etc.
Proposal 4	Transmission in preconfigured uplink resources is supported in RRC_IDLE in dedicated resources.
Proposal 5	Dedicated transmission in preconfigured uplink resources is configured for one transmission occasion at the time.
Proposal 6	Interval (time resource offset) and TBS are used as configuration parameters for dedicated transmission in preconfigured uplink resources. Other parameters are FFS.
Proposal 7	Configuration parameters for preconfigured uplink resources are added to the UE-context.
Proposal 8	Transmission in preconfigured uplink resources in RRC_CONNECTED is considered in dedicated resources (contention-free) but not in common resources (contention-based).
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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.



[bookmark: _GoBack]Figure 3: Example of signalling diagram for PUR configuration.
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