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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
[bookmark: _Hlk4320313]In RAN1 the following agreements have been reached for LTE-M and NB-IoT which are most relevant for this contribution (‘LTE-M’ and ‘NB-IoT’ in brackets when not applicable to both):
	
Agreement
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in (MPDCCH) search space
· FFS: Details on the search space (for example USS, CSS)

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on (M/N)PDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field [NB-IoT only]
· RAN2 can decide if a higher layer PUR ACK is also supported

Agreement
The UE monitors the (M/N)PDCCH for at least a time period after a PUR transmission.
· FFS: Details of the time period
· FFS: UE behaviour if nothing is received in that time period. 
· FFS: If and how often UE monitors (M/N)PDCCH after a PUR allocation in which it has not transmitted

Working Assumption#2
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: FD-FDD UEs, TDD UEs [LTE-M]
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the (M/N)PDCCH for at least a time period after a PUR transmission





In RAN2 the following agreements have been reached which are most relevant for this contribution:
	[bookmark: _Hlk7437586]Initially we will focus on dedicated preconfigured uplink resources in idle mode
· Shared resources can also be discussed
The eNB can (re)configure and release D-PUR by dedicated RRC signalling
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. 
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




In this contribution we discuss some practical impairments with D-PUR and why dynamical scheduled PUR may be a good idea.
[bookmark: _Ref178064866]2	Discussion
In the following, dedicated PUR in Idle mode is discussed unless mentioned otherwise.
In legacy LTE, PUSCH transmissions are dynamically scheduled by DCI. This allows the eNB scheduler to ensure an efficient use of the radio resources and the UE performance and QoS target are met. For LTE-M and NB-IoT this may be even more important since with coverage enhancements data transmissions may span several hundreds of subframes. 
[bookmark: _Toc16779528]Dynamic scheduling ensures efficient use of radio resources and QoS for UEs, especially when in enhanced coverage.
The scheduler however works on a rather short time scale, it is aware of all UEs which have data to transmit from Buffer Status Reports and will allocate radio resources to these UEs to provide good performance with high radio resource utilization. PUR, however, will increase the requirements on the scheduler significantly; the scheduler will need to keep track of transmissions that will take place far ahead in the future, and it cannot flexibly move these transmissions in time or frequency but will have to schedule all other traffic around them. This may in fact be too demanding . Moreover, periodic transmissions without flexibility may invite problems. If PUR transmissions collide with some other transmission, e.g. (N)PRACH, it may not be possible to use it at all.
[bookmark: _Toc16779529]The PUR requirements on the scheduler and inflexible periodic PUR transmissions may result in limited use of PUR in practice.
A solution would therefore to use dynamic scheduling of UL transmissions as in legacy. Instead of waking up to transmit immediately, the PUR UE could wake up for an “on-duration” to monitor (N/M)PDCCH, i.e. the PUR SS Window, and the eNB would have the possibility to dynamically schedule the UE. This is captured in the following FFS from RAN1#97:
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Below the two alternatives are compared.
Without dynamic scheduling the UE would immediately (after TA validation) transmit in the UL, but after the transmission it would have to monitor (N/M)PDCCH for either a L1-ACK, an UL grant for HARQ retransmission, or the scheduling of a DL PUR (RRC) message. This is illustrated in Figure 1.
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[bookmark: _Ref7702408]Figure 1: PUR without dynamic scheduling.
With dynamic scheduling there would be an (N/M)PDCCH search space also before the initial PUR transmission. This is illustrated in Figure 2. In this case radio resources for PUR transmission occasions would not be assigned beforehand, only the initial PUR SS Window would have to be configured. 

[image: ]
[bookmark: _Ref7703005]Figure 2: PUR with dynamic scheduling.
Evaluations indicate that the negative impact on UE power consumption from one additional DCI reception is negligible (the PUR window length would however need be kept reasonably short for both solutions). Therefore, the benefits in terms of scheduling flexibility could be well worth the added signaling. 
[bookmark: _Toc16779530] Dynamically scheduled PUR, i.e. an additional PUR SS Window before the PUR transmission, is optionally supported.
For improved UE power consumption to the (M/N)PDCCH monitoring time in this initial search space (called ‘initial PUR SS Window’ in Figure 2) should be minimized, e.g. with a short length, DRX. etc. If the UE would not receive an UL grant for PUR transmission during this ‘initial PUR SS Window’ it could be specified that it would fall back to legacy RA or EDT, as already agreed by RAN1.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Dynamic scheduling ensures efficient use of radio resources and QoS for UEs, especially when in enhanced coverage.
Observation 2	The PUR requirements on the scheduler and inflexible periodic PUR transmissions may result in limited use of PUR in practice.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Dynamically scheduled PUR, i.e. an additional PUR SS Window before the PUR transmission, is optionally supported.
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