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1
Introduction
In this document, we discuss the needed changes to 36.213 to define the HARQ ID for PUSCH scheduling using UL index for shortened processing time. 

2
HARQ process definition for LSB & MSB=1
The specification in 36.213 is currently not clear how the HARQ process operation should be done for scheduling PUSCH in more than one subframe based on asynchronous UL HARQ. There is support for scheduling two UL subframes from a single DL subframe (support for LSB and MBS both set to 1), but then the applicable HARQ-ID is not clarified when being scheduled with DCI Format 0/4 there. 

The issue here is how to indicate HARQ process IDs for two PUSCH with one UL grant. Similar issue happened in the eMTC discussion. From the HARQ process ID indicated by the UL grant for BL/CE UE, two consecutive IDs are used for two PUSCH in that case as below:

	for TDD UL/DL configuration 0 and a BL/CE UE in CEModeA and N=1, 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 
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 and the HARQ process number of the PUSCH corresponding the LSB of the UL index is 
[image: image2.wmf](

)

7

mod

1

HARQ_ID

+

n

, where 
[image: image3.wmf]HARQ_ID

n

 is determined according to the HARQ process number field in DCI format 6-0A.


For sTTI it was also agreed in RAN1#92 that:

	When multiple sPUSCHs are transmitted by one UL grant in FS2, consecutive HARQ process IDs are used for sPUSCH transmission.


Similarly, when the UE is configured with higher layer parameter shortProcessingTime, the consecutive two HARQ process ID can be used which is proposed below. The text proposal for 36.213 Sec. 8.0 is shown in the next section. 

An associated agreement could follow the wording from sTTI:

Proposed Agreement: In case shortProcessingTime is configured in a cell when multiple PUSCHs are transmitted by one UL grant in FS2, consecutive HARQ process IDs are used for sPUSCH transmission.
The related envisioned needed changes can be summarized as follows: 

	
	

	Reason for change:
	HARQ process /ID determination for scheduling with MSB & LSB set to 1 for shortened processing time missing. 

	
	

	Summary of change:
	Include the HARQ process determination for scheduling with MSB & LSB set to 1 for shortened processing time in the spirit of the MTC operation.

	
	

	Consequences if not approved:
	Unclear HARQ process usage in case of SPT and LSB&MSB set to 1.

	
	

	
	

	Clauses affected:
	36.213 Section 8.0


3
TP / Pseudo draft CR to 36.213
8.0
UE procedure for transmitting the physical uplink shared channel
< Unchanged parts are omitted >
-
For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: image4.wmf]0
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, as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-5 for UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell. If, for TDD UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: image5.wmf]1
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, as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in
-
Table 8-2 if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, 
-
Table 8-2g if the UE is configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is not configured with higher layer parameter shortProcessingTime for the serving cell,

-
Table 8-2i if the UE is not configured with higher layer parameter symPUSCH-UpPts-r14 and the UE is configured with higher layer parameter shortProcessingTime for the serving cell and the corresponding PDCCH is in the UE-specific search space, 

-
Table 8-2j if the UE is configured with higher layer parameters symPUSCH-UpPts-r14 and shortProcessingTime for the serving cell and the corresponding PDCCH is in the UE-specific search space.
-
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 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space

, 
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otherwise.
In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is 
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 and the HARQ process number of the PUSCH in subframe n+kp is 
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 is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ ​is the number of UL HARQ processes per cell for transmission mode 1 and half the number of UL HARQ processes per cell for transmission mode 2.

< Unchanged parts are omitted >
-
For TDD UL/DL configuration 6 and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format other than 7-0A/7-0B and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=1 or 6 or 9, or PHICH is received in subframe n=0 corresponding to PUSCH transmission in subframe n-6, or PHICH is received in subframe n=5 corresponding to PUSCH transmission in subframe n-7, with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, in Table 8-2g otherwise. If, for TDD UL/DL configuration 6 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n, or PHICH is received in subframe n=0 or 5 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for TDD UL/DL configuration 6, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, in Table 8-2g otherwise. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is 
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 and the HARQ process number of the PUSCH in subframe n+kp is 
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 is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of UL HARQ processes per cell for transmission mode 1 and half the number of UL HARQ processes per cell for transmission mode 2.
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and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, 

-
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and the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space,
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The UE is not expected to receive LSB of the UL index in PDCCH/EPDCCH with uplink DCI format set to 1 in subframe n=9. The UE is not expected to receive LSB of the UL index in PDCCH in the UE-specific search space with uplink DCI format set to 1 in subframes n=5,6 if the UE is configured with higher layer parameter shortProcessingTime. 
< Unchanged parts are omitted >
-
For a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: image20.wmf]0
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, as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-5 for UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell. If, for a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to [image: image21.wmf]1
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, as defined in Subclause 9.1.2, or PHICH is received in subframe n=1 or 6 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for a serving cell with UL-reference UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp for the serving cell if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is 
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 and the HARQ process number of the PUSCH in subframe n+kp is 
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 is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of UL HARQ processes per cell for transmission mode 1 and half the number of UL HARQ processes per cell for transmission mode 2.
< Unchanged parts are omitted >
-
For a serving cell with UL-reference UL/DL configuration configuration 6 and normal HARQ operation and UE configured with higher layer parameter symPUSCH-UpPts-r14 for the serving cell, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+k if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] and if the MSB of the UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=1 or 6 or 9, or PHICH is received in subframe n=0 corresponding to PUSCH transmission in subframe n-6, or PHICH is received in subframe n=5 corresponding to PUSCH transmission in subframe n-7, with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, in Table 8-2g overwise. If, for a serving cell with UL-reference UL/DL configuration 6 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n, or PHICH is received in subframe n=0 or 5 corresponding to PUSCH transmission in subframe n-4, the UE shall perform a corresponding PUSCH transmission in subframe n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8]. If, for a serving cell with UL-reference UL/DL configuration 6, both the MSB and LSB of the UL index in the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall perform a corresponding PUSCH transmission in both subframes n+ k and n+ kp if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8], with k given in Table 8-2j if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH is in the UE-specific search space, in Table 8-2g otherwise, where the "TDD UL/DL Configuration" given in Table 8-2g and Table 8-2j refers to the UL-reference UL/DL configuration. In case the UE is configured with higher layer parameter shortProcessingTime for the serving cell and both the MSB and LSB of the UL index in the PDCCH with uplink DCI format 0/4 in the UE-specific search space are set to 1, the HARQ process number of the PUSCH in subframe n+k is 
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 and the HARQ process number of the PUSCH in subframe n+kp is 
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 is determined according to the HARQ process number field in the corresponding DCI format and MUL_HARQ is the number of UL HARQ processes per cell for transmission mode 1 and half the number of UL HARQ processes per cell for transmission mode 2.
< Unchanged parts are omitted >
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