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Introduction
In RAN1 #106 e-meeting, the following agreements were achieved for 14-HARQ processes in DL for LTE-MTC [1]：

Agreement

Confirm the below Working Assumption for Alt-1 with following updates

The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field:
The field is no more than 7 bits if Alt-1 is configured.

FFS: Details of the joint encoding.

FFS: Legacy DCI fields that might be set to zero bits in length for the jointly encoded solution Alt-1.

Note: Alt-1 expresses the HARQ-ACK delay as: (y) BL/CE DL subframe + 1 subframe + (z) BL/CE UL subframes, where y = {0, 1, 2, … 11} and z = {1, 2, 3}.

Agreement

For the PDSCH scheduling delay and HARQ-ACK delay jointly encoded in a single DCI field:

The DCI field uses 7 bits if Alt-1 is configured. 

Agreement

Conclusion

How to implement/describe the states, e.g., table, resulting from the joint encoding solution of Alt-1 is left up to the Editor, based on the agreements for the PDSCH scheduling delay, HARQ-ACK delay and the WA confirmed for Alt-1.

Confirm the below Working Assumption for Alt-2e with following updates

The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field:
The field is 5 bits if Alt-2e is configured.

FFS: Details of the joint encoding.

FFS: Legacy DCI fields that might be set to zero bits in length for the jointly encoded solution Alt-2e.

For Alt-1, it will be separate discussion based existing working assumption

In this contribution, we discuss the remaining issues for support of 14-HARQ processes in DL for LTE-MTC.
Discussion
In last RAN1#106 e-meeting, the potential agreement of Alt-2e is shown as follow:
For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, the HARQ-ACK delay set has a size of:

Opt-1: 

10 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j} equally applicable for each of the three PDSCH Scheduling delay expressions. 

FFS: The values of a, b, c, d, e, f, g, h, i, j.

Opt-2: 

10 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j} for the PDSCH Scheduling delay expression associated to the delay of 2.

11 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j, k} for the two PDSCH Scheduling delay expressions associated to the delay of 7. 

FFS: The values of a, b, c, d, e, f, g, h, i, j, k.

Opt-3:

14 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j, k, l, m, n} for the PDSCH Scheduling delay expression associated to the delay of 2.

8/[9] elements: HARQ-ACK delay set = {a, b, c, d, e, f, o, p, [q]} for the two PDSCH Scheduling delay expressions associated to the delay of 7.

FFS: The values of a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p, [q].

If percentage of invalid subframes is 0, when PDSCH scheduling delay is 2, the minimum value of HARQ-ACK delay is 4. When PDSCH scheduling delay is 7, considering that the minimum gap between PDSCH and corresponding UL subframe for HARQ-ACK transmission is 11, the minimum value of HARQ-ACK delay is 12. One example is shown in Figure 1.
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Figure 1

Observation 1: The minimum value of HARQ-ACK delay is 4 when PDSCH scheduling delay is 2 and the minimum value of HARQ-ACK delay is 12 when PDSCH scheduling delay is 7.
If percentage of invalid subframe is 10%, when PDSCH scheduling delay is 2, the maximum value of HARQ-ACK delay need to be increased by 1 because the number of invalid subframe affecting HARQ-ACK delay is 1. But when PDSCH scheduling is 7, the number of  invalid subframe affecting HARQ-ACK delay is 2. Therefore the maximum value of HARQ-ACK delay need to be increased by 2. One example is shown in Figure 2. the maximum value of HARQ-ACK delay is 12 when PDSCH scheduling delay is 2 and the maximum value of HARQ-ACK delay is 15 when PDSCH scheduling delay is 7.
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Figure 2
If percentage of invalid subframe is 20%, when PDSCH scheduling delay is 2, the maximum value of HARQ-ACK delay is

13 because the number of  invalid subframe affecting HARQ-ACK delay is 2. But the number of  invalid subframe affecting HARQ-ACK delay is 4 when PDSCH scheduling is 7. Therefore the maximum value of HARQ-ACK delay is 17. One example is shown in Figure 3.
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Figure 3
If percentage of invalid subframe is 30%, the number of invalid subframes affecting HARQ-ACK delay is 6 regardless of the value of PDSCH scheduling delay. Therefore the maximum value of HARQ-ACK delay is 17 when PDSCH scheduling delay is 2 and the maximum value of HARQ-ACK delay is 19 when PDSCH scheduling delay is 7.  One example is shown in Figure 4.
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Figure 4
Observation 2: If percentage of invalid subframe is 10%, 20% and 30%, the maximum value of HARQ-ACK delay is increased by the number of invaild subframes in two frames when the PDSCH scheduling delay is 7.
Observation 3: When the PDSCH scheduling delay is 2, the maximum value of HARQ-ACK delay is increased by the number of invalid subframe(s) in one frame if percentage of invalid subframe is 10% and 20%  and the maximum value of HARQ-ACK delay is increased by the number of invalid subframes in two frames if percentage of invalid subframe is 30%.

Observation 4: If the percentage of invalid subframe is less than or equal to 30%, the maximum value of HARQ-ACK delay is 17 when PDSCH scheduling is 2 and the maximum value of HARQ-ACK delay is 19 when PDSCH scheduling is 7. 

It is known that HARQ-ACK bundle pattern is implicitly determined by the HARQ-ACK delay, limiting the value of supported HARQ-ACK delay means the number of supported bundling pattern is limited. Therefore, eNB cannot configure the optimal bundling pattern which leads to the increase of PDSCH retransmission probability and the decrease of data rate. Considering that the data rate is influenced by the number of supported bundling patterns, it is best to support as many HARQ-ACK delay values as possible. The value of supported HARQ-ACK delay is also affected by the position of invalid subframe(s). One example is shown in Figure 5, when the PDSCH scheduling delay is 2, the value of supported HARQ-ACK delay is {4,5,6,7,10,11,12,13} if the invalid subframes are subframe 1 and 2, the value of supported HARQ-ACK delay is {4,6,8,9,10,11,12,14} if the invalid subframes are subframe 2 and 4. Considering the invalid subframe is flexible configured, continuous HARQ-ACK delay values should be supported. 

[image: image5.emf]subframe

 

index

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

Invalid

 

DL

 

subframes

 

denoted

 

by

 

"

0

"

1

0

0

1

1

1

1

1

1

1

1

0

0

1

1

1

1

1

1

1

Invalid

 

UL

 

subframes

 

denoted

 

by

 

"

0

"

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

MPDCCH

0

1

2

3

4

5

6

7

8

9

10

11

PDSCH

12

13

0

1

2

3

4

5

6

7

8

9

PDSCH

 

scheduling

 

delay

7

7

2

2

2

2

2

2

2

2

2

2

HARQ

-

ACK

 

delay

17

14

13

12

12

11

10

9

9

6

5

4

PUCCH

A

0

A

1

A

2


(a)

[image: image6.emf]subframe
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(b)
Figure 5
Observation 5: The value of supported HARQ-ACK delay is affected by bundling pattern and the position of invalid subframes. Continuous HARQ-ACK delay values can meet the requirements of more scenarios.
Based on above analysis, we propose the HARQ-ACK delay value is {4~17} when the PDSCH scheduling delay is 2 and HARQ-ACK delay value is {12~19} when the PDSCH scheduling delay is 7. In order to make full use of 32 states, q can be equal to 4 or 20.
Proposal 1: For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, the HARQ-ACK delay set has a size of:

14 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j, k, l, m, n} for the PDSCH Scheduling delay expression associated to the delay of 2.

9 elements: HARQ-ACK delay set = {a, b, c, d, e, f, o, p, q } for the two PDSCH Scheduling delay expressions associated to the delay of 7.

Wherein a=12, b=13, c=14, d=15, e=16, f=17, o=18, p=19, q=20 or q=g ,  g=4,  h=5, i=6, j=7, k=8, l=9, m=10, n=11.
The potential working assumptions of 14-HARQ processes are shown as follow:

In Rel-17, for the 14 HARQ processes feature the ‘Repetition number’ field is:

Opt-1: 0-bits when the “HARQ-ACK bundling flag” is set to 1(i.e., 2bits from this field become available e.g., for jointly-encoding purpose)

Opt-2: 0-bits when the 14 HARQ processes feature is configured(i.e. 2bits from this field become available e.g., for jointly-encoding purpose)

Opt-3: 2-bits as in legacy

It was agreed that the 14 HARQ processes feature is applicable for HD-FDD Cat M1 UEs in CE Mode A only. From the perspective of peak data rate, 14 HARQ processes feature is not enabled for PDSCH repetition case. In this case, the 2-bit ‘Repetition number’ field in DCI format 6-1A can be repurposed when 14-HARQ processes is enabled. Therefore Opt-3 is not considered. For Option 1, if 14-HARQ processes is configured, the HARQ-ACK bundling is always used no matter how many HARQ processes are scheduled and the data rate may be decreased. Therefore Opt-2 is proposed.
Proposal 2: In Rel-17, for the 14-HARQ processes feature the “Repetition number” field is 0-bits when 14 HARQ processes feature is configured.

The potential working assumption of “HARQ-ACK delay” field is as follow:

In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is:

Opt-1: 0-bits when the “HARQ-ACK bundling flag” is set to 1(i.e., 3-bits from this field become available e.g., for jointly-encoding purpose)

Opt-2: 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available e.g., for jointly-encoding purpose)

Opt-2 is more flexible than Opt-1 because the HARQ-ACK bundling can be implicitly determined by the value of HARQ-ACK delay. Therefore Opt-2 is proposed.
Proposal 3: In Rel-17, for the 14-HARQ processes feature the “HARQ-ACK delay” field is 0-bits when 14 HARQ processes feature is configured.

Conclusions

In this contribution, we have discussed the remaining issues to support DL 14-HARQ processes for H-FDD LTE-MTC. We make the following observations and proposals:

Observation 1: The minimum value of HARQ-ACK delay is 4 when PDSCH scheduling delay is 2 and the minimum value of HARQ-ACK delay is 12 when PDSCH scheduling delay is 7.

Observation 2: If percentage of invalid subframe is 10%, 20% and 30%, the maximum value of HARQ-ACK delay is increased by the number of invaild subframes in two frames when the PDSCH scheduling delay is 7.
Observation 3: When the PDSCH scheduling delay is 2, the maximum value of HARQ-ACK delay is increased by the number of invalid subframe(s) in one frame if percentage of invalid subframe is 10% and 20%  and the maximum value of HARQ-ACK delay is increased by the number of invalid subframes in two frames if percentage of invalid subframe is 30%.

Observation 4: if the percentage of invalid subframe is less than or equal to 30%, the maximum value of HARQ-ACK delay is 17 when PDSCH scheduling is 2 and the maximum value of HARQ-ACK delay is 19 when PDSCH scheduling is 7. 

Observation 5: The value of supported HARQ-ACK delay is affected by bundling pattern and the position of invalid subframes. Continuous HARQ-ACK delay values can meet the requirements of more scenarios.
Proposal 1: For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, the HARQ-ACK delay set has a size of:

14 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j, k, l, m, n} for the PDSCH Scheduling delay expression associated to the delay of 2.

9 elements: HARQ-ACK delay set = {a, b, c, d, e, f, o, p, q } for the two PDSCH Scheduling delay expressions associated to the delay of 7.

Wherein a=12, b=13, c=14, d=15, e=16, f=17, o=18, p=19, q=20 or q=g ,  g=4,  h=5, i=6, j=7, k=8, l=9, m=10, n=11.
Proposal 2: In Rel-17, for the 14-HARQ processes feature the “Repetition number” field is 0-bits when 14 HARQ processes feature is configured.

Proposal 3: In Rel-17, for the 14-HARQ processes feature the “HARQ-ACK delay” field is 0-bits when 14 HARQ processes feature is configured.
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