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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
   In this contribution, we provide our views on the remaining issues of EDT.
[bookmark: _Ref129681832]Timing relationship of EDT
The following agreements made in RAN1#93 are not captured in current spec.
Agreements:
· The timing for monitoring DCI is based on the number of Msg3 NPUSCH repetitions indicated in RAR/DCI
 In section 16.6 of TS 36.213 of current spec, the following NPDCCH monitoring behavior is specified. 
	Extracted from section 16.6 of TS 36.213
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive any transmission in subframe n+1; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;
otherwise
-	if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3. 


Based on current spec, it is unclear for EDT Msg3 which point in time corresponds to NPUSCH transmission ending in subframe n: T1 or T2 shown in Figure 1. T1 corresponds to the end of actual Msg3 (re)transmission, which is determined by scaled repetition number. T2 corresponds to the end of Msg3 (re)transmission indicated by RAR(DCI), which is determined by repetition number indicated by RAR(DCI). The intention of the agreement is T2, so that the UE and eNB will have aligned understanding of the timing, as with normal NPUSCH timing.
[image: ]
[bookmark: _Ref520311501]Figure 1 Timing relationship of EDT
Proposal 1: Adopt the TP in Annex A in TS 36.213.
EDT retransmission



In current EDT procedure, if the use of smaller TBS than the broadcast TBS () is enabled, the UE can choose a suitable TB size, named as  , in the TBS set with fewer padding bits to transmit EDT Msg3. The TBS set is determined according to Table 16.3.3-2 in section 16.3.3 of TS 36.213. UE can save transmission power. However, eNB needs to blindly decode the actual transmitted TB without knowledge of the actual TB size chosen by the UE. If the initial transmission is not successful, eNB may send a DCI N0 to schedule EDT Msg3 retransmission. UE still uses in EDT Msg3 retransmission, which is the same as that used in initial EDT Msg3 transmission. In the current specification, the DCI N0 does not indicate TBS in case of EDT Msg3 retransmission; instead, the corresponding "modulation and coding scheme" field in DCI N0 is set to fixed value, i.e. IMCS = 15, for EDT. 



The eNB tries to detect the TBS of EDT Msg3 from the initial transmission scheduled by RAR. Even when the NPUSCH of Msg3 cannot be decoded from the initial transmission, eNB may be able to detect the TB size of Msg3 by implementation, e.g. by using energy detection considering different transmission duration of different TBS. eNB can allocate the resource for Msg3 retransmission and NRU according to the detected TBS (). When UE uses the selected TBS(), and the number of RU (NRU), the code rate of  may exceed 1. For example, the selected TBS by UE () is 776 bits and the allocated NRU is 4 by eNB according to the detected TBS(). In case of single-tone transmission, the code rate is (776+24)/(96*2*4) = 1.01 > 1.
In uplink, DCI format N0 includes a RV field. eNB can indicate to use different RVs for initial EDT Msg3 transmission and EDT Msg3 retransmission. eNB can perform HARQ combining of multiple RVs of the same transmission block to reduce the code rate. Considering only in case of retransmission, the code rate may be larger than 1, this may be not an issue and the specification should allow a retransmission with code rate larger than 1.
Proposal 2: In EDT Msg3 retransmission, given a TBS chosen by UE and the number of RU assigned by eNB, the code rate may exceed 1. In such cases, retransmission of EDT Msg3 is performed as normal.


For EDT Msg3 initial transmission, the repetition number is scaled according to the ratio of  and broadcasted TBS (). The repetition number is different for different TBS candidate in the TBS set, so the length of actual transmission duration for different TBS candidates are different. Hence, eNB can detect the candidate TBS by detecting the energy change considering different candidate TBS has different transmission duration. Other implementation method can be also considered by eNB in implementation. 
Observation 1: The actual TBS used by the UE can be detected by eNB before correctly decoding the NPUSCH of Msg3.
In legacy transmission of Msg3 without EDT, the re-transmission of NPUSCH for Msg3 is scheduled by DCI format N0. In DCI format N0, the 4-bits field ‘Modulation and coding scheme’ is used to determine the ITBS index in the legacy NPUSCH TBS table and the 3-bits field ‘Resource assignment’ is used to figure out the IRU index, which together determine the TBS.
Table 1 Transport block size (TBS) table for NPUSCH
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024  

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 


In EDT case, the up to 4 actual TBS candidates depend only on the broadcast maximum TBS value. IRU can be indicated independently in DCI format N0. However, the TBS detected by the eNB () is not indicated by DCI format N0. This may cause misunderstanding on the resource allocation by eNB between UE and eNB. Figure 2, illustrates an example to show this issue.
For EDT Msg3 retransmission eNB can assign resource based on the detected TBS rather than the broadcasted TBS. This enables eNB to reduce the resource overhead of EDT Msg3 retransmission, rather than always allocating the large maximum resource that can convey the maximum TBS. As shown in Figure 2, eNB can allocate the resource in the dashed line to other uplink transmission, e.g. NPUSCH transmission for other UEs. However, the actual used TBS () may be different from the detected TBS (). When  < , the duration of NPUSCH transmission by UE may be larger than the duration allocated by eNB. In this case, there is collision between EDT Msg3 retransmission and the transmission from other UEs.
[image: ]
Figure 2 illustration of collision due to misunderstanding between eNB and UE
Therefore, eNB needs to inform UE of the detected TBS to resolve the issue. Otherwise, EDT transmission may impact other legacy uplink transmission, or be forced to use very conservative and thus inefficient scheduling. A simple way is to use four states in the 4-bits field ‘Modulation and coding scheme’ (IMCS) to indicate one of the up to 4 TBS candidates as the detected TBS by eNB. The interpretation of other fields in DCI format N0 keeps the same as legacy. Since 0≤IMCS≤2 is already used for fallback to legacy Msg3, so 3≤IMCS≤6 can be used to indicate the TBS candidates.
Proposal 3: Re-interpret the field of ‘Modulation and coding scheme’(IMCS) in DCI format N0 and use 3≤IMCS≤6 to indicate one of the up to 4 actual TBS candidates for scheduling EDT Msg3 retransmission. The interpretation of other fields in DCI format N0 is unchanged.

	IMCS
	Broadcast maximum TBS (edt-TBS)

	
	328 
	408 
	504 
	584 
	680 
	808 
	936 
	1000 

	3
	328 
	328 
	328 
	328 
	328 
	328 
	328
	328 

	4
	
	408 
	408
	408
	456 
	504 
	504 
	536 

	5
	
	
	504 
	504 
	584 
	680 
	712 
	776 

	6
	
	
	
	584 
	680 
	808 
	936 
	1000



By adopting the proposal, EDT Msg3 retransmission can work well either in case of the eNB can detect the TBS by implementation or in case of the eNB does not implement the TBS detection. 
Even in case of eNB detects the TBS of Msg3 incorrectly, eNB can indicate  to enable the UE avoid the collision between NPUSCH of Msg3 retransmission and other transmission from other UEs. If in DCI format N0,  the UE uses  to retransmit the Msg3 and similarly as initial scheduling the repetition number is scaled by . If , UE shall use  to retransmit the Msg3. However, as shown in Figure 3, the retransmission duration should not be larger than that corresponding to the detected TBS indicated in DCI format N0. Considering this, the repetition number should be scaled by . This avoids the use of resource that the eNB does not allocate to the UE and resolves the issue of collision.
[image: ]
Figure 3 Indicate detected TBS to resolve the issue of collision
Proposal 4: In EDT Msg3 retransmission, if the indicated TBS in DCI( ) is smaller than the TBS the UE selected (), the UE uses  to retransmit the Msg3 and scales repetition number by  instead of .
Proposal 5: Adopt the TP in Annex B for TS 36.213.
EDT fallback issue
For EDT, there may be some exceptional cases, e.g. after several attempts of Msg3 (carrying UL data) (re)transmissions, it still fails to access to the eNB. In this case, the eNB may indicate the UE to transmit the legacy Msg3 as agreed in RAN1#93.
Agreement
· DCI format for scheduling retransmission of Msg3 can be used to indicate UE to transmit a legacy Msg3 to fallback to non-EDT Msg3 transmission when the indicated TBS is 88 bits;
· Note: it is up to spec. editor which state to choose for EDT retransmission
· Note: Whether to introduce higher layer support for this mechanism is up to RAN2. 
Whether to adopt this feature in higher layers depends on RAN2’s decision. As discussed in our RAN2 companion paper [1], it may impact the UE to introduce the fallback to legacy Msg3 transmission unless the timing relationships are defined sufficiently conservatively. This is because a new legacy Msg3 NPUSCH needs to be rebuilt after the UE receives the corresponding DCI format N0.
For scheduling of legacy NPUSCH transmission, it is specified that when the UE receives the last repetition of NPDCCH in subframe n, the UE will start the transmission of PUSCH in subframe n+k0. k0 is indicated by scheduling delay field in DCI N0. The minimum value of k0 is 8 ms. In [1], it can be observed that more processing requirements is needed for the fallback case. Besides the processing of NPDCCH, parsing of DCI format N0 and preparing NPUSCH format 1, additional processing is required to build a new legacy Msg3 when DCI indicates a fallback to legacy Msg3 transmission.  If the legacy timing relationship is reused between the NPDCCH carrying the DCI format N0 and the corresponding fallback NPUSCH for legacy Msg3 transmission, the UE may not be able to prepare the new MAC PDU carrying the legacy message. To keep the advantage of low cost and low power consumption UE, it is proposed to increase the minimum gap between the last subframe of NPDCCH carrying the DCI and the start of the corresponding NPUSCH for fallback Msg3 transmission during an EDT procedure. We propose to define the minimum delay as 12ms, rather than 8 ms, when fallback is indicated in DCI format N0. This is based on how long the UE is given to prepare a new NPUSCH transmission under normal circumstances of receiving RAR.
Proposal 6: For EDT fallback to legacy Msg3, the minimum scheduling delay is reinterpreted as 12 ms instead of 8 ms.
Proposal 7: Adopt the TP in Annex C for TS 36.213.
Conclusions
In this contribution, our views on the remaining issues of EDT are provided. The following observations and proposals are made.
Proposal 1: Adopt the TP in Annex A in TS 36.213.
Proposal 2: In EDT Msg3 retransmission, given a TBS chosen by UE and the number of RU assigned by eNB, the code rate may exceed 1. In such cases, retransmission of EDT Msg3 is performed as normal.
Proposal 3: Re-interpret the field of ‘Modulation and coding scheme’(IMCS) in DCI format N0 and use 3≤IMCS≤6 to indicate one of the up to 4 actual TBS candidates for scheduling EDT Msg3 retransmission. The interpretation of other fields in DCI format N0 is unchanged.
Proposal 4: In EDT Msg3 retransmission, if the indicated TBS in DCI( ) is smaller than the TBS the UE selected (), the UE uses  to retransmit the Msg3 and scales repetition number by  instead of .
Proposal 5: Adopt the TP in Annex B for TS 36.213.
Proposal 6: For EDT fallback to legacy Msg3, the minimum scheduling delay is reinterpreted as 12 ms instead of 8 ms.
Proposal 7: Adopt the TP in Annex C for TS 36.213.
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Annex A. TP for Timing relationship of EDT
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.6	Narrowband physical downlink control channel related procedures
-------------------------------------------- Unchanged parts omitted -----------------------------------------
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [3]for FDD ; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;

otherwiseelse if the UE is not configured with higher layer parameter edt-parameters or if the UE is configured with higher layer parameter edt-parameters and 
-	if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3.
otherwise


-	If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if were selected the NPUSCH transmission would end in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n’+1 to subframe n+3. 
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Annex B. TP on EDT retransmission
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
· 16.5.1.2	Modulation order, redundancy version and transport block size determination
To determine the modulation order, redundancy version and transport block size for the NPUSCH, the UE shall first
-	read the "modulation and coding scheme" field ([image: ]) in the DCI, and

-	read the "redundancy version" field () in the DCI, and

-	read the "resource assignment" field () in the DCI, and 



-	compute the total number of allocated subcarriers (), number of resource units (), and repetition number () according to Subclause 16.5.1.1.

If the UE is configured with higher layer parameter edt-parameters, and for a NPUSCH retransmission of the same transport block including EDT as part of the contention based random access procedure with 3≤IMCS≤6 in the DCI, 
-	the modulation order is set to [image: ].
-	if the UE is configured with higher layer parameter edt-smallTBS-Enabled set to ‘true’,

-	    the TBS  is determined according to Table 16.5.1.2-3.




-	   if  , the repetition number for the NPUSCH retransmission is the smallest integer number multiple of  value that is equal to or larger than where  is the TBS corresponding to the NPUSCH retransmission, and  is given by the higher layer parameter edt-TBS;
· 
if , the repetition number for the NPUSCH retransmission is the smallest integer multiple of [image: ] that is equal to or larger than where [image: ] is the TBS corresponding to the NPUSCH retransmission, and [image: ] is given by the higher layer parameter edt-TBS..

elseif the UE is configured with higher layer parameter edt-parameters, and if the DCI indicates a retransmission as part of the contention based random access procedure with  and the most recent PUSCH transmission including a transport block with EDT, 

-	the TBS and modulation are determined according to Table 16.3.3-1 in Subclause 16.3.3, for  and the transport block does not include EDT



otherwise, the UE shall use modulation order, = 2 if . The UE shall use[image: ]and Table 16.5.1.2-1 to determine the modulation order to use for NPUSCH if .
-------------------------------------------- Unchanged parts omitted -----------------------------------------
Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 



[bookmark: _GoBack]Table 16.5.1.2-3: Transport block size (TBS) table of  for NPUSCH retransmission of Msg3 including EDT
	IMCS
	edt-TBS

	
	328
	408
	504
	584
	680
	808
	936
	1000

	3
	328
	328
	328
	328
	328
	328
	328
	328

	4
	
	408
	408
	408
	456
	504
	504
	536

	5
	
	
	504
	504
	584
	680
	712
	776

	6
	
	
	
	584
	680
	808
	936
	1000



----------------------------------------------- End of Text Proposal ------------------------------------------

Annex C. TP on EDT fallback
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.1.2	Modulation order, redundancy version and transport block size determination
-------------------------------------------- Unchanged parts omitted -----------------------------------------
elseif the UE is configured with higher layer parameter edt-parameters, and if the DCI indicates a retransmission as part of the contention based random access procedure with [image: ] and the most recent PUSCH transmission including a transport block with EDT, 
-	the TBS and modulation are determined according to Table 16.3.3-1 in Subclause 16.3.3, for [image: ] and the transport block does not include EDT
-	Scheduling delay field ([image: ]) as determined in Subclause 16.5.1 with k0 = 12 for IDelay = 0 ,
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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