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[bookmark: _Ref409106980]Introduction
One of the objectives of the Release 14 NB-IoT enhancements work item is to reduce power consumption and latency. In a separate contribution [4] we have discussed the benefits of doing so by introducing two HARQ processes and compared this with a straight forward increase of the NPUSCH F1 TBS. Our analysis showed that further increased NPUSCH TBS has several advantages over the introduction of two HARQ processes. Based on this we proposed that RAN1 should further increase the NPUSCH F1 TBS instead of pursuing the specification of two HARQ processes.
In case RAN1, despite our recommendation, decides to move forth with the specification of two HARQ processes this contribution outlines a proposal to introduce a new DCI format dedicated for the scheduling of two HARQ processes. 
[bookmark: _Ref465843822]Background
In Release 13 the DCI format N0 conveyed in the NPDCCH is used for the scheduling of NPUSCH F1. To understand the impact on the scheduling information from scheduling a second NPUSCH F1 block using a second HARQ process it is important to understand the current functionality and thereto related NPUSCH F1 transmission characteristics.
To start with Figure 1 and Table 1 describes a Release 13 NPUSCH F1 scheduling cycle with the associated delays presented.

[image: ]
[bookmark: _Ref465776006]Figure 1 NPUSCH scheduling cycle illustrating the Rel-13 scheduling parameters.
[bookmark: _Ref465843260]Table 1 Parameters associated with a NB-IoT DL data connection, including parameters for configuration of the NPDCCH UE specific search space and DCI Format N0 under the assumption that all subframes are NB-IoT subframes.
	Parameter
	Range
	Comment

	G
	1.5, 2, 4, 8, 16, 32, 48 
	NPDCCH UE specific search space parameter npdcch-StartSF-USS

	Rmax
	1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 rep
	NPDCCH UE specific search space parameter npdcch-NumRepetitions

	

	-
	Gives the locations of the NPDCCH potential starting positions 

	T = Rmax∙G
	8,..., 98304 ms
	Search space periodicity. The scheduling gap between last SF of NPDCCH n and first SF of NPDCCH n+1 limits the range to start from 8.

	-
	4 ms
	Minimum gap between last SF of last NPDCCH candidate in USS n and first SF of first NPDCCH candidate in USS n+1.

	-
	8, 16, 32, 64 ms
	Scheduling gap between last NPDCCH SF and first NPUSCH F1 SF.

	-
	3 ms
	Minimum scheduling gap between last NPUSCH F1 SF and first NPDCCH SF



[bookmark: _Ref465773562]The parameters related to the search space periodicity T are transmitted in RRC signalling, and the minimum gaps are fixed in the specifications. The start and length of the NPUSCH block is however dynamically configured using the DCI format N0 information elements summarized in Table 2.
[bookmark: _Ref465843265]Table 2 DCI format N0 for scheduling of the NPUSCH F1.
	IE
	Size [bits]

	Flag for format N0/format N1 differentiation
	1

	
Subcarrier indication ()
	6

	NPUSCH F1 Scheduling delay
	2

	
Resource assignment  ()
	3

	Modulation and coding scheme ([image: ])
	4

	
Redundancy version ()
	1

	Repetition number
	3

	New data indicator
	1

	DCI subframe repetition number
	2

	Total:
	23



Among the above parameters it is the DCI subframe repetition number and the scheduling delay parameter that indicates the start of a NPUSCH F1 transmission. The DCI subframe repetition number indicates the end of the NPDCCH transmission while the scheduling delay can be chosen from the set of values {8, 16, 32, 64} ms. 


The actual duration of the NPUSCH F1 transmission is impacted by several parameters. The Subcarrier indication sets the number of allocated subcarriers which impacts the used definition of a Resource unit, which is the basic NB-IoT time unit. In Table 3 the definition of a Resource unit for a certain NPUSCH F1 subcarrier spacing, number of allocated subcarriers and transmission time in number of slots  and time are summarized.
[bookmark: _Ref465775704]Table 3 Resource unit (RU) definition for a given NPUSCH F1 subcarrier spacing, number of allocated subcarriers and transmission time (TT) in number of slots and ms. 
	Subcarrier spacing [kHz]
	

	

	TT [ms]

	3.75
	1
	16
	8

	15
	1
	16
	8

	15
	3
	8
	4

	15
	6
	4
	2

	15
	12
	2
	1



The transmission time of NPUSCH F1 block is further impacted by the configured number of repetitions set by the Repetition number information element and the number of assigned resource units via the Resource assignment parameter. The Repetition number (NREP) is selected from the set {1, 2, 4, 8, 16, 32, 64, 128} while Resource assignment indicates the transmission of 1,2,3,4,5,6,8 or 10 Resource units (NRU). 

For a given configuration the transmission time of a NPUSCH F1 block is calculated as ms. 
In addition to this it was specified in Release 13 that after a 256 ms transmission, a gap of 40 ms shall be inserted during which the NPUSCH transmission is postponed. 
DCI Format NY 
[bookmark: _Ref466025554]Introduction of a new DCI Format NY to support two HARQ processes
The Release 13 DCI formats are optimized  to schedule a single HARQ processes. Hence, to facilitate efficient scheduling of two NPUSCH HARQ processes it is beneficial to redefine the content of the DCI format scheduling the two processes.
According to Release 13 the NPDCCH, after encoding at the eNB or after decoding at the UE, the CRC attached to DCI is scrambled by the C-RNTI. By scrambling the C-RNTI with a specified bit map, e.g. the all 1’s code word, the content of the DCI message can be completely redefined to facilitate scheduling of two HARQ processes. The UE will then need to blindly detect when the Release 13 single HARQ format or the Release 14 two HARQ format is used. This will allow the eNB to dynamically switch between the legacy Format and the new proposed Format NY for two HARQ processes. To ease the burden on the UE RRC signalling during connection setup can inform the UE to expect the possible presence of the new DCI format when decoding the User specific search space.
The new format will handle the cases:
· NPUSCH for both processes contains new transfer blocks (TB) with new data. 
· NPUSCH for both processes resends TBs, i.e. resends data.
· For Process 1 the NPUSCH contains a new TB. For Process 2 the NPUSCH resends a TB. 
· For Process 1 the NPUSCH resends a TB. For Process 2 the NPUSCH contains a new TB. 
· For Process 1 the NPUSCH resends a TB. For Process 2 the buffer is empty, and the NPUSCH is not sent.
· For Process 1 the buffer is empty, and the NPUSCH is not sent. For Process 2 the NPUSCH resends a TB.
The only remaining case, where only one of the processes has new data while for the other process the buffer is empty and there is no data to resend, is handled by the single HARQ DCI Format N0.
Proposal 1: To facilitate two HARQ processes the introduction of a new DCI Format is facilitated by scrambling the C-RNTI with a predefined bit pattern.
New DCI format NY for two NPUSCH HARQ processes
Table 7 summarizes the suggested definition of the new DCI format NY. The existing DCI Format N0 is also presented for reference. By securing that also the new format is limited to 23 bits, the same encoding, scheduling and link adaptation can be used as in Release 13, which is of considerable value.
The main changes are:
· The new data indicator is expanded to handle the 8 use-cases described in section 3.1.
· A new scheduling delay indicator is proposed to facilitate scheduling of a second UE in the gap between the two NPUSCH blocks. These values depend on the outcome of the discussion in [2][3].
· The subcarrier indication is reduced from 6 to 3 bits. This if facilitated by limiting two HARQ processes to multi-subcarrier allocations, which is assumed to be the relevant case.
· The meaning of the resource assignment IE is adapted to the scheduling of two HARQ processes.
[bookmark: _GoBack]
[bookmark: _Ref465847139]Table 7 Modification of DCI format N0 to support two HARQ processes.
	Rel-13 DCI format N0
	Rel-14 DCI format NY to cater for 2 HARQ NPUSCH

	IE
	Size [bits]
	IE
	Size [bits]
	Comment

	Flag for format N0/format N1 differentiation
	1
	Flag for format N0/format N1 differentiation
	1
	Flag for Rel-14 NPUSCH/NDSCH DCI formats for 2 HARQ

	
Subcarrier indication ()
	6
	
Subcarrier indication ()
	3
	Only used for 15 kHz. As in Rel-13 used to indicate allocation of:
· 3 consecutive subcarriers at 4 different positions within the NB-IoT resource block.
· 6 subcarrier, at 3 different positions within the NB-IoT resource block.
· 12 subcarriers spanning the full resource block.

	NPUSCH F1 Scheduling delay  {8, 16, 32, 64} ms
	2
	NPUSCH F1 Block 1 Scheduling delay
	2
	Unmodified

	
	
	NPUSCH F1 Block 2 Scheduling delay relative block 1
	1
	E.g. 3, 6 ms to allow for scheduling of a second UE in the gap.

	
Resource assignment  ()
	3
	Resource assignment
	3
	{IRU block 1, IRU block 2} = {7,7}, {7,6}, {7,5}, {7,4}, {7,3}, {7,2}, {7,1},{7,0}

	Modulation and coding scheme ([image: ])
	4
	Modulation and coding scheme
	4
	Unmodified, as it make sense to use same code rate for both blocks

	
Redundancy version ()
	1
	Redundancy version
	1
	Unmodified

	Repetition number
	3
	Repetition number
	3
	Unmodified

	New data indicator
	1
	New data indicator
	3
	New data indicator for two HARQ processes.
· 000: Both processes new data
· 001: Both processes resend data
· 010: Process 1 new data 
        Process 2 resend data
· 011: Process 1 resend data 
        Process 2 new data
· 100: Process 1 resend data 
        Process 2 no data
· 011: Process 1 no data 
        Process 2 resend data

	DCI subframe repetition number
	2
	DCI subframe repetition number
	2
	Unmodified

	Total:
	23
	Total:
	23
	



Proposal 2: To support two HARQ processes a new DCI format is specified in accordance with Table 7.
Summary
In this contribution we provide an overview of the Release 13 DCI Format N0 specification and proposes to introduce a new DCI format dedicated to dynamically schedule two HARQ processes : 
Proposal 1: To facilitate two HARQ processes the introduction of a new DCI Format is facilitated by scrambling the C-RNTI with a predefined bit pattern.
Proposal 2: To support two HARQ processes a new DCI format is specified in accordance with Table 7.
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