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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 RAN1#94bis the following agreements were reached for LTE-M and NB-IoT (‘LTE-M’ and ‘NB-IoT’ in brackets when not applicable to both) which are relevant for PUR multiplexing:
	
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
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)


Agreement
For dedicated PUR in idle mode, the UE may skip UL transmissions.
· FFS: Resource release mechanism
· FFS: Whether or not to support mechanism to disable skipping by eNB



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 [LTE-M]
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 
FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.

Agreement [LTE-M]
For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect
· an UL GRANT for retransmission on the MPDCCH, or  
· FFS: a NACK, or
· FFS: no explicit ACK 

Agreement [NB-IoT]
In idle mode, only one HARQ process is supported for dedicated PUR




In RAN2 the following agreements have been reached which are relevant for PUR multiplexing [4]:
	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

The eNB configures the dedicated preconfigured uplink resources via RRC dedicated signaling.
Periodic D-PUR with duration is supported




In this contribution we continue to discuss how it can be ensured that the periodic resources of different PUR UEs do not overlap.
[bookmark: _Ref178064866]2	Discussion
In the following, dedicated PUR in Idle mode is discussed unless mentioned otherwise.
2.1 PUR periodicity and start position
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 one-shot 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: _Toc1082720]PUR periodicity and start position are based on legacy counters: subframe, SFN, H-SFN.
[bookmark: _Toc1082719][bookmark: _GoBack]If PUR periodicity longer than 3h is needed, additional H-SFN bits could be added as part of the dedicated PUR configuration.
For the PUR start position also the starting subframe may be 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). 
2.2 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 one-shot 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 1. 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 1: 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 2).

[bookmark: _Toc1082721]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 2. 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 2: Illustration of PUR UE multiplexing.
Note that only the NW (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, e.g., on the order of a couple of seconds. (For SPS in connected the longest semiPersistSchedInterval is 640 ms but extended to 1 s in UL in Rel-14). For the maximum value, for very long periodicities the UE 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 radio frame to time conversion.
	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	If PUR periodicity longer than 3h is needed, additional H-SFN bits could be added as part of the dedicated PUR configuration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	PUR periodicity and start position are based on legacy counters: subframe, SFN, H-SFN.
Proposal 2	The PUR periodicity parameter is quantized as a power of 2 to allow for multiplexing of PUR UEs.
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