[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #87	R1-1611149
Reno, USA, November 14-18, 2016

Agenda Item:	6.2.9.4
Source:	Huawei, HiSilicon
Title:	DCI formats for 2 HARQ and larger TBS
Document for:	Discussion and decision

1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#73, the work item on enhancements of NB-IoT was revised. New objectives on further power consumption and latency reduction for NB-IoT are listed as follows [1]:
Power consumption and latency reduction
· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].
[bookmark: OLE_LINK2]In RAN1#86bis, the following agreements were reached:
Agreement:
· Maximum DL TBS is 1352 bits
· Maximum UL TBS is 1800 bits
· The same values of N_SF and N_RU and I_TBS are used as in Rel-13

Since the same values of NSF, NRU and ITBS will be used as in Rel-13, so most fields of Rel-13 DCI formats need no change. However, if 2 HARQ processes are supported, new DCI formats are needed, based on extending some fields in formats N0 and N1.
2 HARQ process number field
The 1-bit new data indicator (NDI) in DCI format N0 and N1 on its own cannot distinguish between two HARQ processes. Therefore, we need a new 1-bit DCI field to indicate the HARQ process number, as in LTE. 
Proposal 1: Add a 1-bit HARQ process number field into UL and DL grants.
3 Scheduling delay field
The scheduling delays defined in Rel-13 are listed in Table 1. 
[bookmark: _Ref462905830]Table 1  Scheduling delays defined in Rel-13
	DCI format
	Physical channel
	Subcarrier spacing
	Scheduling delay (ms)

	N1
	NPDSCH
	15 kHz
	[bookmark: OLE_LINK9]{0,4,8,12,16,32,64,128} for Rmax <128
{0,16,32,64,128,256,512,1024} for Rmax ≥128

	
	NPUSCH format 2
	3.75 kHz
	{13,21}

	
	
	15 kHz
	{13,15,17,18}

	N0
	NPUSCH format 1
	3.75 kHz
	{8,16,32,64}

	
	
	15 kHz
	



The range of possible scheduling delays in NPUSCH format 2 creates limitations when trying to schedule two HARQ processes, which would reduce the chances of successfully scheduling the second process with a low latency, or perhaps even prevent scheduling it at all in practice. The key point of introducing two HARQ processes for NB-IoT is to reduce the impact of the wait times due to various timing relationships. Therefore, the sets of scheduling delays needs to be extended to achieve this purpose.
Following the timing relationships proposed in [2], an example with extended scheduling delay of NPUSCH format 2 is shown in Figure 1. In this example, the period of NPDCCH search space is 8 ms with Rmax of 1 or 2. It is assumed that the two downlink grants are carried in two NPDCCHs of format 0 within one subframe. According to Table 1 in [2], the TBS of both the NPDSCH transmissions is 1352 bits with ITBS = 12 and ISF = 5. As shown in Figure 1, two blocks of 1352 data bits can be transmitted in a period of 40 ms. This means that the data throughput in this example reaches 67.6 kbps, which approximately doubles the downlink peak throughput in Rel-13.
[image: ]
[bookmark: _Ref462829441]Figure 1  An example of scheduling delay in downlink transmission procedure with 2-process HARQ. Minimum timing relationships are shown in red text [2].
In Figure 1, it is seen that the gap between the end of the first NPDSCH transmission and the start of its corresponding NPUSCH format 2 transmission is 22 ms, which is much larger than the maximum scheduling delay of NPUSCH format 2 shown in Table 1. It is therefore necessary to extend the range of allowed scheduling delays. To support flexible resource allocations and reduce latency, it is proposed that the range of scheduling delay for NPUSCH format 2 is extended to at least 39 ms.
Proposal 2: The set of scheduling delays of NPUSCH format 2 is extended in Rel-14 to support scheduling delays of up to at least 39 ms, i.e., {13, 21, 23, 39} ms for 3.75 kHz and {13, 15, 17, 18, 23, 27, 31, 39} ms for 15 kHz.
At the same time, it is seen that the scheduling delay of the second NPDSCH is 10ms, which is not found in existing scheduling delay of NPDSCH shown in Table 1. Therefore, it is proposed that the set of scheduling delays of NPDSCH is extended to support finer granularity for Rmax <128.
Proposal 3: The set of scheduling delays of NPDSCH is extended in Rel-14 to support scheduling delays with finer granularity for Rmax <128 to {0, 4, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 48, 64, 96, 128}.
Similarly, the set of scheduling delays for NPUSCH format 1 also needs to be optimized for uplink transmission with 2 HARQ processes. The granularity of scheduling delay needs to be finer in order to reduce the gap between NPUSCH format 1 transmissions associated with the two HARQ processes. 
Following the timing relationships proposed in [3], an example with extended scheduling delay of NPUSCH format 1 is shown in Figure 2. In this example, the period of NPDCCH search space is 8 ms with Rmax of 1 or 2. It is assumed that the two uplink grants are carried in two NPDCCHs of format 0 within one subframe. Due to the minimum gap between NPDCCH and NPUSCH format 1 transmissions of 8 ms and between two NPUSCH format 1 transmissions of 3 ms, the gap between the end of the second NPDCCH and the start of the second NPUSCH format 1 transmission exceeds 19 ms if TBS of 1800 bits is applied to the first NPUSCH format 1 transmission. 
[image: ]
[bookmark: _Ref465181553]Figure 2  An example of scheduling delay in uplink transmission procedure with 2-process HARQ. Minimum timing relationships are shown in red text [3].
As seen in Table 1, the minimum available scheduling delay in Rel-13 would be 32 ms for the second NPUSCH format 1 transmission, which would lead to a much larger period (e.g., 48 ms) than that shown in the example. This would result in unnecessary extra latency and reduced throughput. In the example, the scheduling delay of the second NPUSCH format 1 transmission is actually 20 ms. Therefore, it is proposed that the set of scheduling delays of NPUSCH format 1 is extended to support finer granularity between 16 ms and 32 ms. In this way, two blocks of 1800 data bits can be transmitted in a period of 32 ms, which means the uplink throughput reaches 112.5 kbps.
Proposal 4: The set of scheduling delays of NPUSCH format 1 is extended in Rel-14 to support scheduling delays with finer granularity to: {8, 16, 20, 24, 28, 32, 48, 64} ms.
4 New DCI formats
There are no spare or reserved bits in DCI format N0 and N1, and according to the above analysis, a new HARQ process indicator and an extended scheduling delay field are required to support 2 HARQ processes for enhancement of NB-IoT. Consequently, new DCI formats are needed for downlink and uplink grant in Rel-14 NB-IoT.
Proposal 5: New DCI formats, e.g. N3 (based on N0) and N4 (based on N1) are introduced to support 2 HARQ processes.
The NB-IoT UE is only required to monitor one DCI format (and search space) at a time. However, before eNB knows the supported release of the UE, it does not know whether it can use the Rel-14 features and DCI formats. Consequently, DCI format N0 and N1 should still be used for NPDCCH common search spaces in Rel-14. Since 2 HARQ processes and additional larger TBSs are beneficial for large data packet transmissions, it is reasonable to assume that, for unicast, the new DCI formats will only be used for NPDCCH UE-specific search space. 
Proposal 6: For unicast transmission, DCI formats N3 and N4 are only monitored in the UE-specific search space.
The NB-IoT UE is not expected to monitor two sets of DCI formats since this would double the blind decoding load; therefore either of N0/N1 or N3/N4 can be monitored at a given time. It is also necessary that the network configures when the new formats are used. This is because the Rel-14 UE may appear in a cell not supporting the new formats and still needs to understand the DCIs, as well as to allow a Rel-14 supporting cell to switch to the Rel-13 formats for scheduling purposes or due to coverage changes. Therefore, the Rel-14 UE should assume the use of DCI formats N0/N1 unless a UE-specific RRC configuration is signaled to monitor formats N3/N4.
Proposal 7: UE-specific RRC signaling indicates whether the Rel-14 NB-IoT UE shall monitor DCI formats N3/N4 or N0/N1. UE assumes N0/N1 when the signaling is absent.

5 Conclusion
In this paper, we analyzed what new DCI contents are needed to support the 2 HARQ processes [2] and larger TBS [3] being introduced in Rel-14 NB-IoT. The proposals are as follows:
Proposal 1: Add a 1-bit HARQ process number field into UL and DL grants.
Proposal 2: The set of scheduling delays of NPUSCH format 2 is extended in Rel-14 to support scheduling delays of up to at least 39 ms, i.e., {13, 21, 23, 39} ms for 3.75 kHz and {13, 15, 17, 18, 23, 27, 31, 39} ms for 15 kHz.
Proposal 3: The set of scheduling delays of NPDSCH is extended in Rel-14 to support scheduling delays with finer granularity for Rmax <128 to {0, 4, 6, 8, 10, 12, 14, 16, 20, 24, 28, 32, 48, 64, 96, 128}.
Proposal 4: The set of scheduling delays of NPUSCH format 1 is extended in Rel-14 to support scheduling delays with finer granularity to: {8, 16, 20, 24, 28, 32, 48, 64} ms.
Proposal 5: New DCI formats, e.g. N3 (based on N0) and N4 (based on N1) are introduced to support 2 HARQ processes.
Proposal 6: For unicast transmission, DCI formats N3 and N4 are only monitored in the UE-specific search space.
Proposal 7: UE-specific RRC signaling indicates whether the Rel-14 NB-IoT UE shall monitor DCI formats N3/N4 or N0/N1. UE assumes N0/N1 when the signaling is absent

Details of the DCI format contents mapping can be found in Annexes A – D.
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[bookmark: _Ref465178420]Annex A: Contents summary of new DCI format
The new DCI format N3 and N4 are respectively extended on the basis of DCI format N0 and N1. The changed fields are marked in red color. The number of information bits in format N3 is 1 bit less than that of format N4, zeros shall be appended to format N3 until the payload size equals that of format N4.
Table 2 Contents of DCI format N3
	Field
	Size(bit) 
	Note

	Flag for format N3/format N4 differentiation
	1
	Value 0 indicates format N3 and value 1 indicates format N4

	Subcarrier indication
	6
	Table 16.5.1.1-1 of [4]

	Resource assignment
	3
	Table 16.5.1.1-2 of [4]

	Scheduling delay
	3
	[bookmark: OLE_LINK8]Table 7 of Annex D. (2 bits in Rel-13)

	Modulation and coding scheme
	4
	Table 16.5.1.2-1 of [4] 

	Redundancy version
	1
	

	Repetition number
	3
	Table 16.5.1.1-3 of [4]

	New data indicator
	1
	

	DCI subframe repetition number
	2
	Table 16.6-1 of [4]

	HARQ process number
	1
	(0 bit in Rel-13)

	Total
	25
	(23 bits in Rel-13)



[bookmark: OLE_LINK11]Table 3 Contents of DCI format N4
	Field
	Size(bit) 
	Note

	Flag for format N3/format N4 differentiation
	1
	Value 0 indicates format N3 and value 1 indicates format N4

	NPDCCH order indicator
	1
	

	Scheduling delay
	4
	Table 6 of Annex C. (3 bits in Rel-13)

	Resource assignment
	3
	Table 16.4.1.3-1 of [4]

	Modulation and coding scheme
	4
	

	Repetition number
	4
	Table 16.4.1.3-2 of [4]

	New data indicator
	1
	

	HARQ-ACK resource
	5
	Table 4 or Table 5 of Annex B. (4 bits in Rel-13)

	DCI subframe repetition number
	2
	Table 16.6-1 of [4]

	HARQ process number
	1
	(0 bit in Rel-13)

	Total
	26
	(23 bits in Rel-13)





Annex B: Information to obtain scheduling delays of NPUSCH format 2 for DCI format N4

The parameter  in Table 4 and Table 5 is defined in clause 16.4.2 of [4].

[bookmark: _Ref465176327]Table 4 ACK/NACK subcarrier and scheduling delays of NPUSCH format 2  (
New entries
)with
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	38
	13

	1
	39
	13

	2
	40
	13

	3
	41
	13

	4
	42
	13

	5
	43
	13

	6
	44
	13

	7
	45
	13

	8
	38
	21

	9
	39
	21

	10
	40
	21

	11
	41
	21

	12
	42
	21

	13
	43
	21

	14
	44
	21

	15
	45
	21

	16
	38
	23

	17
	39
	23

	18
	40
	23

	19
	41
	23

	20
	42
	23

	21
	43
	23

	22
	44
	23

	23
	45
	23

	24
	38
	39

	25
	39
	39

	26
	40
	39

	27
	41
	39

	28
	42
	39

	29
	43
	39

	30
	44
	39

	31
	45
	39



[bookmark: _Ref465176330][Continues…]



Table 5 ACK/NACK subcarrier and scheduling delays of NPUSCH format 2 (
New entries
) with
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	13

	1
	1
	13

	2
	2
	13

	3
	3
	13

	4
	0
	15

	5
	1
	15

	6
	2
	15

	7
	3
	15

	8
	0
	17

	9
	1
	17

	10
	2
	17

	11
	3
	17

	12
	0
	18

	13
	1
	18

	14
	2
	18

	15
	3
	18

	16
	0
	23

	17
	1
	23

	18
	2
	23

	19
	3
	23

	20
	0
	27

	21
	1
	27

	22
	2
	27

	23
	3
	27

	24
	0
	31

	25
	1
	31

	26
	2
	31

	27
	3
	31

	28
	0
	39

	29
	1
	39

	30
	2
	39

	31
	3
	39




Annex C: Information to obtain scheduling delays of NPDSCH for DCI format N4


The parameters  and  in Table 6 are defined in clause 16.4.1 of [4].
[bookmark: _Ref465776703]Table 6 Scheduling delays of NPDSCH
	

	


	
	

	


	0
	0
	0

	1
	4
	16

	2
	6
	32

	3
	8
	64

	4
	10
	128

	5
	12
	256

	6
	14
	512

	7
	16
	1024

	8
	20
	-

	9
	24
	-

	10
	28
	-

	11
	32
	-

	12
	48
	-

	13
	64
	-

	14
	96
	-

	15
	128
	-


 (
New entries
)
Annex D: Information to obtain scheduling delays of NPUSCH format 1 for DCI format N3


The parameters  and  in Table 6 are defined in clause 16.5.1 of [4].
[bookmark: _Ref465177158][bookmark: _Ref465177154] (
New entries
)Table 7 Scheduling delays of NPUSCH format 1
	

	


	0
	8

	1
	16

	2
	20

	3
	24

	4
	28

	5
	32

	6
	48

	7
	64
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