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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92bis we agreed the following:
· For EDT scheduled by RAR grant, 
· For CE Mode A, 2–6 PRBs are supported with 4 bits resource allocation field.
· Whether to support 1 PRB can be reconsidered if there is an available spare bit to expand resource allocation field.
· For CE Mode B, 1-2 PRBs are supported with at least 3 bits resource allocation field.
· Resource allocation may or may not be modified, picking at least 8 resource allocations.
· Whether to expand resource allocation can be reconsidered if there is an available spare bit to expand resource allocation field.

· The 8 maximum TBS values in CE mode A (i.e. PRACH levels 0 and 1) are {328 408 504 600 712 808 936 1000}.
· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 
· The 8 maximum TBS values in CE mode B (i.e. PRACH levels 2 and 3) are {328 408 456 504 600 712 808 936}.
· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 
· For each of the 8 maximum TBS values
· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy PUSCH repetition numbers (FFS how) 

· For EDT Msg. 3 transmission, 16QAM modulation is not supported.

· The use of TBS smaller than the maximum configured is configured per CE level in SIB.
· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:
· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}
· T2 or T4
· T1, or T2, or T3, or T4
· When there are 3 permitted actual transmitted TBS {T1, T2, T3}
· T2 or T3
· T1 or T2 or T3
· When there are 2 permitted actual transmitted TBS {T1, T2}
· T1 or T2

· The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes.

· Use the ‘R’ bit in RAR to differentiate EDT and non-EDT. 

This contribution discusses remaining issues in EDT.
2. Discussions
2.1 EDT Resources
For EDT transmission over Msg 3, the eNB will broadcast a maximum TBS Tmax, for each PRACH level, where there are 8 possible Tmax values and for each Tmax value, there are up to 4 possible TBS {T1, T2, T3, T4} including the Tmax value.  These sets of TBS values for CE Mode A (PRACH Level 1 & 2) and CE Mode B (PRACH Level 3 &4) are agreed in an email discussion [92b-LTE-09], and are summarized in Table 1 and Table 2.
[bookmark: _Ref513727303]Table 1: TBS for EDT in CE Mode A
	[bookmark: _Ref513727305]Tmax
	328
	408
	504
	600
	712
	808
	936
	1000

	T1 
	328
	328
	328
	328
	328
	328
	328
	328

	T2 
	 
	408
	408
	408
	456
	504
	504
	536

	T3 
	 
	 
	456
	504
	600
	712
	712
	776

	T4 
	 
	 
	504
	600
	712
	808
	936
	1000


 
[bookmark: _Ref513819085]Table 2: TBS for EDT in CE Mode B
	Tmax
	328
	408
	456
	504
	600
	712
	808
	936

	T1 
	328
	328
	328
	328
	328
	328
	328
	328

	T2 
	 
	408
	408
	408
	408
	456
	504
	504

	T3 
	 
	 
	456
	456
	504
	600
	712
	712

	T4 
	 
	 
	 
	504
	600
	712
	808
	936



The UL grant in the RAR does not have sufficient bits to provide resource allocation for 4 different TBS and therefore it was agreed in RAN1#92bis that for repetition > 1, the scheduled repetition is changed depending on the TBS selected by the UE.  Hence, the resources scheduled in the UL grant should be targeted at the maximum TBS, Tmax.
Proposal 1: The resources (e.g. repetitions, PRB) scheduled by the UL grant in the RAR are aimed at the maximum TBS.

Since the scheduled repetition is for Tmax, the repetition for TBS <Tmax, will therefore be less than that of the scheduled repetition in the UL grant.  Here a scaling factor can be applied for each of the TBS < Tmax and these scaling factors are specified in the specifications.  The repetition for TBS < Tmax is therefore obtained by applying this scaling factor to the scheduled repetition.  
Proposal 2: For selected TBS that are less than the maximum TBS, the repetition for that selected TBS is scaled from the scheduled repetition. 

Example scaling factors are shown in Table 3 for CE Mode A (PRACH level 1 & 2) and Table 4 for CE Mode B (PRACH level 3 & 4).
[bookmark: _Ref513731287]Table 3: Repetition scaling factors in CE Mode A
	Tmax
	328
	408
	504
	600
	712
	808
	936
	1000

	T1 
	1.0
	0.8
	0.7
	0.5
	0.5
	0.4
	0.4
	0.3

	T2 
	 
	1.0
	0.8
	0.7
	0.6
	0.6
	0.5
	0.5

	T3 
	 
	 
	0.9
	0.8
	0.8
	0.9
	0.8
	0.8

	T4 
	 
	 
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0


 
[bookmark: _Ref513731288]Table 4: Repetition scaling factors in CE Mode B
	Tmax
	328
	408
	456
	504
	600
	712
	808
	936

	T1 
	1.0
	0.8
	0.7
	0.7
	0.5
	0.5
	0.4
	0.4

	T2 
	 
	1.0
	0.9
	0.8
	0.7
	0.6
	0.6
	0.5

	T3 
	 
	 
	1.0
	0.9
	0.8
	0.8
	0.9
	0.8

	T4 
	 
	 
	 
	1.0
	1.0
	1.0
	1.0
	1.0


 
For the case where the scheduled repetition = 1, for selected TBS < Tmax, the UE can scale the number of PRB or the transmission power [1].  
Proposal 3: For scheduled repetition = 1 and for selected TBS less than the maximum TBS, consider scaling the number of PRB and/or transmission power.

If the scheduled repetition = 1 and the scheduled PRB = 1, then consider transmitting the EDT using sub-PRB transmission. 
Proposal 4: For scheduled repetition = 1, scheduled PRB = 1 and for selected TBS less than the maximum TBS, consider using sub-PRB transmission.

2.2 EDT Transmission
Since for EDT transmission the UE selects the TBS instead of the eNB, the eNB needs to perform blind decoding, i.e. there is a PUSCH search space.  Taking the repetition scaling factor for Tmax = 1000 bits, a possible PUSCH search space is shown in Figure 1, where the repetitions for {T1, T2, T3, T4} are {R1, R2, R3, Rmax}.  Here all the PUSCH candidates start at the same time and there is only one PUSCH candidate per TBS.  It can be observed that if there is a contention then the contentious UE would be guaranteed to collide.
[image: ]
[bookmark: _Ref513734420]Figure 1: PUSCH search space

Observation 1: For the PUSCH search space for EDT, if there is only one candidate per TBS and all the TBS starts at the same time, then the Msg3 + EDT transmission of contentious UEs will always collide.

The collision can be reduced by either introducing more than one candidate per TBS and/or shifting the starting transmission time for some of the PUSCH candidates.  An example PUSCH search space that can reduce collision is shown in Figure 2.  Here T1 and T2 have more than one PUSCH candidate and they start at different times.  For example T1 has 3 candidates starting at time t0, t1 & t3 whilst T2 has 2 candidates starting at time t0 and t2.  It can be observed that if there is a contention, the contentious UEs can select different transmission times for their selected TBS and avoid collision.  This allows the eNB to detect contentious EDT transmissions thereby reducing retransmission or further PRACH from these UEs which directly reduces their energy consumption.  For a selected TBS with multiple potential  transmission times, the UE can randomly select a transmission time.
[image: ]
[bookmark: _Ref513735286]Figure 2: PUSCH search space with multiple starting times

Proposal 5: The PUSCH search space for Msg3 + EDT has more than one PUSCH candidate per TBS and some of these candidates can transmit at different starting times.
Proposal 6: For selected TBS with multiple transmission times in the PUSCH search space, the UE randomly selects a transmission time for that TBS.

For the retransmission of Msg3+EDT, the eNB may or may not be aware of the UE’s selected TBS.  Hence, if the eNB is unaware of the UE’s TBS then the eNB can schedule Tmax for the retransmission.  This will implicitly tell the UE that the eNB is not aware which TBS the UE selected.  Here the UE will apply the same scaling factor on the scheduled repetition.  If the eNB is aware of the UE’s selected TBS, then the eNB will just indicate that TBS in the UL grant.  For example using Table 1, if Tmax = 1000 bits and the UE selects T2 = 536 bits, the UE will then use scaling factor 0.5.  
· In the initial transmission the scheduled repetition Rinit=32, the UE will then transmit its PUSCH using repetition 0.5 × 32 = 16. 
· In the retransmission the eNB schedules a repetition RreTX=8,
· If the scheduled TBS in the retransmission is 1000 bits (Tmax), the UE applies scaling factor 0.5 to the repetition RreTx thereby using a final repetition 4 for the retransmission.
· If the scheduled TBS in the retransmission is 536 bits (T2), the UE does not apply the scaling factor since the eNB is aware of the UE’s selected TBS and so the UE uses whatever the scheduled repetition RreTX is and transmits the retransmission using repetition 8.
Proposal 7: For the retransmission of Msg3+EDT, if the UL grant for the retransmission schedules the maximum TBS, the UE will apply the same scaling factor, used for the initial transmission, on the repetition indicated in that UL grant for retransmission.  Otherwise the UE does NOT apply the scaling factor and use the repetition indicated in that UL grant.

3.   Conclusion
[bookmark: _GoBack]In this contribution we discuss the remaining issues in EDT.  We observed the following:
Observation 1: For the PUSCH search space for EDT, if there is only one candidate per TBS and all the TBS starts at the same time, then the Msg3 + EDT transmission of contentious UEs will always collide.

We therefore propose the following:
Proposal 1: The resources (e.g. repetitions, PRB) scheduled by the UL grant in the RAR are aimed at the maximum TBS.
Proposal 2: For selected TBS that are less than the maximum TBS, the repetition for that selected TBS is scaled from the scheduled repetition. 
Proposal 3: For scheduled repetition = 1 and for selected TBS less than the maximum TBS, consider scaling the number of PRB and/or transmission power.
Proposal 4: For scheduled repetition = 1, scheduled PRB = 1 and for selected TBS less than the maximum TBS, consider using sub-PRB transmission.
Proposal 5: The PUSCH search space for Msg3 + EDT has more than one PUSCH candidate per TBS and some of these candidates can transmit at different starting times.
Proposal 6: For selected TBS with multiple transmission times in the PUSCH search space, the UE randomly selects a transmission time for that TBS.
Proposal 7: For the retransmission of Msg3+EDT, if the UL grant for the retransmission schedules the maximum TBS, the UE will apply the same scaling factor, used for the initial transmission, on the repetition indicated in that UL grant for retransmission.  Otherwise the UE does NOT apply the scaling factor and use the repetition indicated in that UL grant.
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