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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]In RAN1 #106bis e-meeting, the following agreements and work assumption were achieved for 14-HARQ processes in DL for LTE-MTC [1]：
Agreement
The Rel-17 14 HARQ processes feature only applies to User Specific Search Space (USS)
Agreement
In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK process number” field uses 4-bits.
Agreement
In Rel-17, for the 14 HARQ processes feature the following updates on the technical specification are to be performed.
· The maximum number of received PDSCH receptions pending HARQ-ACK is set to W = 12 (in Sect. 7.3.1 of TS 36.213) when the UE is configured with 14 HARQ processes.

Agreement
In Rel-17, one option will be downselected from Opt-2 and Opt-3 for the 14 HARQ processes feature the “Repetition number” field in RAN1#107e:
        Opt-1: 0-bits when the “HARQ-ACK bundling flag” is set to 1 (i.e., 2-bits from this field become available for jointly-encoding purposes).
        Opt-2: 0-bits when the 14 HARQ processes feature is configured (i.e., 2-bits from this field become available for jointly-encoding purposes).
        Opt-3: 2-bits as in legacy.
Working Assumption
[bookmark: _Hlk84427629]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:
· Alt-C:
· 12 elements: HARQ-ACK delay set = {a, b, c, d, e, f, g, h, i, j, k, l} for the PDSCH Scheduling delay expression associated to the delay of 2.
· 10 elements: HARQ-ACK delay set = {o, p, q, r, s, t, u, v, x, w} 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}, {o, p, q, r, s, t, u, v, x, w} where some of these elements may share the same value.
In this contribution, we discuss the remaining issues for support of 14-HARQ processes in DL for LTE-MTC.
Discussion
For PDSCH scheduling delay is 2, there are two sets of HARQ-ACK delay defined in Rel-14, i.e., range1 {4~11}and range2 {4, 5, 7, 9, 11, 13, 15, 17}. Considering the backward compatibility, all the legacy HARQ-ACK delay values should be supported. If the percentage of invalid subframe is less than or equal to 30%, the maximum value of HARQ-ACK delay is 17[2]. It is known that the value of supported HARQ-ACK delay is affected by bundling pattern and the position of invalid subframes. That means the 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, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17} when the PDSCH scheduling delay is 2.
For PDSCH scheduling delay is 7, we propose the value of HARQ-ACK delay is {12, 13, 14, 15, 16, 17, 18, 19} to meet the requirements of many scenarios[2]. Considering the rapid feedback of HARQ-ACK is also required, one example is shown in Figure 1, we propose the HARQ-ACK delay value is {4, 5, 12, 13, 14, 15, 16, 17, 18, 19} when the PDSCH scheduling delay is 7.
[image: ]
Figure 1
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:
· 12 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17} for the PDSCH Scheduling delay expression associated to the delay of 2.
· 10 elements: HARQ-ACK delay set = {4, 5, 12, 13, 14, 15, 16, 17, 18, 19} for the two PDSCH Scheduling delay expressions associated to the delay of 7.
The agreement of 14-HARQ processes are shown as follow:
In Rel-17, one option will be downselected from Opt-2 and Opt-3 for the 14 HARQ processes feature the “Repetition number” field in RAN1#107e:
        Opt-1: 0-bits when the “HARQ-ACK bundling flag” is set to 1 (i.e., 2-bits from this field become available for jointly-encoding purposes).
        Opt-2: 0-bits when the 14 HARQ processes feature is configured (i.e., 2-bits from this field become available for jointly-encoding purposes).
        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. It is impossible that only one of 14 HARQ processes is affected by the bad radio condition because configuring the 14-HARQ processes feature means that large number of HARQ processes are scheduled. The HARQ-ACK delay values should be reconsidered if PDSCHs of multiple HARQ processes is transmitted. One example is shown in Figure 2, the PDSCH of HARQ processes#12 cannot be feedback because the range of y is {0~11} when Alt-1 is configured for HARQ-ACK delay solution. 
[image: ]
Figure 2
Observation 1: If PDSCH repetition of multiple HARQ processes is supported, the value of HARQ-ACK delay should be reconsidered.
If “repetition number” field is used as in legacy, the DCI size will be increased by 4-bits/2bits for Alt-1/Alt-2e. The additional four bits is large increase on legacy DCI. However, additional DCI overhead of opt 3 is only used for corner case, e.g. a single HARQ process with PDSCH repetition. It is not worth wasting DCI payload on corner case. Alternatively, RRC re-configuration, similar as switching between CE Mode A and CE Mode B, can be used when repetition is needed. Therefore Opt-3 is not considered. Based on above analysis, we propose:
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 observation and proposals:
Observation 1: If PDSCH repetition of multiple HARQ processes is supported, the value of HARQ-ACK delay should be reconsidered.
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:
· 12 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17} for the PDSCH Scheduling delay expression associated to the delay of 2.
· 10 elements: HARQ-ACK delay set = {4, 5, 12, 13, 14, 15, 16, 17, 18, 19} for the two PDSCH Scheduling delay expressions associated to the delay of 7.
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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