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[bookmark: OLE_LINK23]Introduction
In Release 13 MTC, the UL index (this field is present only for TDD operation with uplink-downlink configuration 0) is used for indicating the corresponding TB scheduling in two UL subframes. The related spec in TS 36.213 [1] is shown as following:
	[bookmark: _Toc415085486]8.0	UE procedure for transmitting the physical uplink shared channel
…

-	for , 

-	if the UE is configured with higher layer parameter interleaving in ce-PUSCH-MultiTB-Config, and PUSCH corresponding to a MPDCCH with DCI CRC scrambled by C-RNTI and  


-	where  if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15 and the PUSCH resource assignment is using uplink resource allocation type 5, otherwise  for UE configured with CEModeA, and  for UE configured with CEModeB, 



-	BL/CE UL subframes  with  are associated with TBr+1 , 
-	otherwise,



-	BL/CE UL subframes  with  are associated with TBr+1 , 




-	the HARQ process ID for each of the scheduled  TBs are determined from the value of the 'HARQ index with offset' in the 'Scheduling TBs for Unicast' field for CEmodeA or the 'HARQ index' in the 'Scheduling TBs for Unicast' field for CEmodeB in the corresponding DCI which is a combinatorial index r defined as , where





-	the set , () contains the sorted HARQ process IDs and  is the extended binomial coefficient, resulting in unique label ,
-	 is the offset value as defined in 5.3.3.1.10 of [4] for CE mode A, and  for CE mode B,


-	 if UE is configured with CEModeA, and  if UE is configured with CEModeB.
-	for FDD, x = 4; 
-	for TDD UL/DL configurations 1-6, or for TDD UL/DL configuration 0 and a BL/CE UE in CEModeB, the value of x is given as the value of k in Table 8-2 for the corresponding TDD UL/DL configuration; If the value x is not given in Table 8-2 for subframe n, denote subframe n' as the first downlink/special subframe which has a value in Table 8-2 after subframe n, and substitute n with n' in the above procedure for performing the PUSCH transmission.



-	for TDD UL/DL configuration 0 and a BL/CE UE in CEModeA, if the MSB of the UL index in the MPDCCH with DCI format 6-0A is set to 1, the value of x is given as the value of k in Table 8-2 for the corresponding TDD UL/DL configuration; if the LSB of the UL index in the MPDCCH with DCI format 6-0A is set to 1, x = 7. The UE is not expected to receive DCI format 6-0A with both the MSB and LSB of the UL index set to 1 when N>1. In case both the MSB and LSB of the UL index are set to 1, the HARQ process number of the PUSCH corresponding the MSB of the UL index is  and the HARQ process number of the PUSCH corresponding the LSB of the UL index is , where  is determined according to the HARQ process number field in DCI format 6-0A
…
Table 8-2: k for TDD configurations 0-6
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


…




According to the spec, when both the MSB and LSB of ‘UL index’ field are set to ‘1’, the TBs scheduled are corresponding to two consecutive HARQ processes with number  and , which brings serious impact on multi-TB scheduling. In this document, the related issues and corresponding solutions are discussed.
Discussions 
2.1 Multi-TB scheduling aspects
[bookmark: OLE_LINK1][bookmark: OLE_LINK21][bookmark: OLE_LINK37]As discussed in Section 1, two TBs scheduling has already been supported in Rel-13 TDD MTC by setting ‘UL index’ as “11”. To avoid the collision caused by repetitions of the two TBs, according to the spec, the UE is not expected to receive DCI format 6-0A with both the MSB and LSB of the UL index set to 1 when N>1.
Observation 1: For TDD configuration 0, when repetition number N = 1 and UL index = ‘11’, the corresponding HARQ process number for the two scheduled TBs are consecutive.
In Rel-16 MTC enhancement, multi-TB scheduling is introduced. For multi-TB scheduling, when 2 TBs, 4 TBs, 6 TBs, or 8 TBs are scheduled by the DCI, the corresponding HARQ process number of each TB can be indicated respectively.  For 2 TBs scheduling, according to the interpretation of UL index set as ‘11’, the HARQ processes number of the two TBs should be consecutive. However, according to the interpretation of the ‘Scheduling TBs for Unicast’ field, the HARQ process number is not limited.
Observation 2: When 2 TBs are scheduled, the HARQ process number determined by ‘UL index’ and ‘Scheduling TBs for Unicast’ field are conflicted.
For the case that more than 2 TBs are scheduled, if UL index=11, the interpretation for the HARQ process number from ‘UL index’ and ‘Scheduling TBs for Unicast’ and are also conflicted.  
Observation 3: When more than 2 TBs are scheduled, the 2 HARQ process number determined by UL index is conflicted with the HARQ process number indicated by ‘Scheduling TBs for Unicast’ field if multi-TB scheduling feature is configured.
A figure is provided to explain the conflict for 2 TBs scheduling as following:
[image: 捕获3]
Figure 1. TDD configuration 0, UL index = 11, x = k=4 for the first PUSCH and x=7 for the second PUSCH
Proposal 1: When ce-PUSCH-MultiTB-Config is configured and ‘UL index’ in DCI format 6-0A is set as ‘11’, if multiple TBs are scheduled, further clarification is needed on how to determine the HARQ process number for each TB.
2.2 Solutions
According to Rel-13 TDD MTC spec, the UL index value indicates number of HARQ processes and it also corresponds to the MPDCCH-PUSCH timing relationship in TDD. We have several solutions as following:
· Option 1: UE is not expected to receive DCI format 6-0A with both the MSB and LSB of ‘UL index’ set to 1 if multiple TBs are scheduled when ce-PUSCH-MultiTB-Config is configured.
· Option 2: When ce-PUSCH-MultiTB-Config is configured, the ‘UL index’ field is ignored.
· Option 3: The multi-TB scheduling feature is not supported for TDD configuration 0.
· Option 4: When UL index = 11 and ce-PUSCH-MultiTB-Config is configured, only single TB scheduling is supported.
For option 1, it has the scheduling flexibility since the legacy method is also included in the multi-TB scheduling. The related specification impact mainly include the reinterpretation for UE behavior. 
For option 2, the scheduling flexibility is similar to option1 since the multi-TB scheduling is supported and legacy scheduling is included in the multi-TB scheduling, e.g., single TB scheduling and 2 TBs scheduling. Since ‘UL index’ is a mandatory field, and the timing relationship in TDD is based on UL index not equal to 00, the timing relationship in TDD would be lost if the UL index field is ignored. So, the specification impact mainly includes to define the new timing relationship when multi-TB scheduling is configured.
For option 3, the multi-TB scheduling feature is not supported for TDD configuration 0. In this case, the multi-TB scheduling benefits cannot be applied for TDD configuration 0. Regarding the specification impact, it needs to clarify that ce-PUSCH-MultiTB-Config cannot be configured for TDD configuration 0.
For option 4, when UL index = 11 and ce-PUSCH-MultiTB-Config is configured, only single TB scheduling is supported and multiple TB scheduling is not supported. In this case, the scheduling flexibility and transmission performance is similar to legacy single TB scheduling. 
Compare these 4 options, option 2 has more specification impact. Option 1 has the best scheduling flexibility for the eNB side and also save the PDCCH decoding power for the UE side. Option 1 is preferred.
Proposal 2: UE is not expected to receive DCI format 6-0A with both the MSB and LSB of ‘UL index’ set to 1 if multiple TBs are scheduled when ce-PUSCH-MultiTB-Config is configured.
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for MTC. We make the following observations and proposals:
Observations:
Observation 1: For TDD configuration 0, when repetition number N = 1 and UL index = ‘11’, the corresponding HARQ process number for the two scheduled TBs are consecutive.
Observation 2: When 2 TBs are scheduled, the HARQ process number determined by ‘UL index’ and ‘Scheduling TBs for Unicast’ field are conflicted.
Observation 3: When more than 2 TBs are scheduled, the 2 HARQ process number determined by UL index is conflicted with the HARQ process number indicated by ‘Scheduling TBs for Unicast’ field if multi-TB scheduling feature is configured.
Proposals:
Proposal 1: When ce-PUSCH-MultiTB-Config is configured and ‘UL index’ in DCI format 6-0A is set as ‘11’, if multiple TBs are scheduled, further clarification is needed on how to determine the HARQ process number for each TB.
Proposal 2: UE is not expected to receive DCI format 6-0A with both the MSB and LSB of ‘UL index’ set to 1 if multiple TBs are scheduled when ce-PUSCH-MultiTB-Config is configured.
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