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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID for Rel-17 enhancements for LTE-MTC [1] includes an objective to support 14 HARQ for increasing the peak data rate for HD-FDD MTC UEs. 
In RAN1 #106-e, the following agreements of HARQ-ACK delay solution were achieved:
	Agreement
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

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. 

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.


In this contribution, we discuss the signaling design to support 14 HARQ processes for HD-FDD MTC UEs.
Discussion
Range of HARQ-ACK delays
For Alt-2e, the set of HARQ-ACK delays are still open.  
The HARQ-ACK delays are evaluated for a typical case as shown in Figure 1, with 20% invalid DL subframes and 20% invalid UL subframes. It can be observed that the HARQ-ACK values are {5,6,7,9,10,12,13,14,15,17} for the first-round HARQ-ACK processes and are {4,5,6,7,8,9,10,12,13,14,15} for the second-round HARQ-ACK processes. Thus, the HARQ-ACK delay values for the two-round HARQ-ACK processes are the union of these two sets, i.e. {4,5,6,7,8,9,10,12,13,14,15,17}, which are totally 12 values. If adopting the same set of HARQ-ACK delay for the 3 PDSCH scheduling delays, there are total 36 states. As a result, the 5-bit joint encoding field is not enough.
To resolve the above issue, different set of HARQ-ACK delay values can be used for different PDSCH scheduling delays. As can be observed, PDSCH scheduling delay {2} corresponds to HARQ-ACK delays {4,5,6,7,8,9,10,12,13,14}of 10 values, PDSCH scheduling delay {7-type I} corresponds to HARQ-ACK delays {15,17} of 2 values and PDSCH scheduling delay {7-type II} corresponds to HARQ-ACK delay {14,15} of 2 values. 
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a) First round
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b) Second round
Figure 1 14-HARQ processes with 20% invalid DL and UL subframes
Therefore, the PDSCH scheduling delays of 2 and 7 should be associated to different HARQ-ACK delay values. The HARQ-ACK values x and y associated to PDSCH scheduling delays 2 and 7 should be configured respectively. The 5 bits DCI field can indicate the whole x+ y states. 
Proposal 1: The set of HARQ-ACK delay values associated with PDSCH scheduling delays 2 and 7 should be different if Alt-2e is configured.
For 14-HARQ process scenarios, the typical percentage for invalid DL subframes and invalid UL subframes are DL≤40% and UL≤20%. Consequently, the HARQ-ACK delay values for PDSCH scheduling delay 2 can range from 4 to 17 including 14 values. The HARQ-ACK delay values for PDSCH scheduling delay 7 can range from 12 to 19 including 8 values. In this way, most of the scenarios with different reserved subframes can be covered.
For example, as shown in Table 1, the first 14 states in the field correspond to the PDSCH scheduling delay of 2 BL/CE DL subframes. The next 8 states in the field correspond to the PDSCH scheduling delay 7. 

Table 1 An example of jointly indication of PDSCH scheduling delay and Alt-2e HARQ-ACK delay
	PDSCH scheduling delay and HARQ-ACK delay field 
	PDSCH scheduling delay
	HARQ-ACK delay

	0
	2
	 4

	1
	2
	5

	                   …
	…
	…

	                  13
	                2
	                   17

	14
	7 (Type I)
	 12

	15
	7 (Type I)
	 13

	                  16
	7 (Type I)
	 14

	                  …
	…
	…

	                  21
	7(Type I)
	 19

	22
	7 (Type II)
	12

	…
	…
	…

	29
	7 (Type II)
	19



Proposal 2: The set of HARQ-ACK delay values associated with PDSCH scheduling delay 2 is from 4 to 17, and the set of HARQ-ACK delay values associated with PDSCH scheduling delay 7 is from 12 to 19 if Alt-2e is configured.
DCI design
In last meeting, the following proposals were discussed:
	Potential Working Assumption#1:
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., 2-bits from this field become available e.g., 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 e.g., for jointly-encoding purposes).
         Opt-3: 2-bits as in legacy.
 
Potential Working Assumption#3:
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 purposes)
         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 purposes).




As the motivation for 14-HARQ procedure is to increase peak data rate of UEs in good channel conditions, the PDSCH repetition is not needed if 14-HARQ is configured. We don’t see the necessity to dynamically adjust the repetition number field. And obviously, the 3-bits HARQ-ACK delay field is not needed either as it’s indicated by the joint-encoding field. Therefore, Opt-2 is preferred.
Proposal 3: For the 14 HARQ processes feature the “Repetition number” field is 0-bits when the 14 HARQ processes feature is configured (i.e., 2-bits from this field become available e.g., for jointly-encoding purposes).
Proposal 4: For the 14 HARQ processes feature the “HARQ-ACK delay” field is 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available e.g., for jointly-encoding purposes).

[bookmark: _Ref129681832][bookmark: _Ref457987380]Conclusions
In this contribution, we provide discussions on introducing 14 HARQ for HD-FDD MTC UEs, and the following observation and proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The set of HARQ-ACK delay values associated with PDSCH scheduling delays 2 and 7 should be different if Alt-2e is configured.
Proposal 2: The set of HARQ-ACK delay values associated with PDSCH scheduling delay 2 is from 4 to 17, and the set of HARQ-ACK delay values associated with PDSCH scheduling delay 7 is from 12 to 19 if Alt-2e is configured.
Proposal 3: For the 14 HARQ processes feature the “Repetition number” field is 0-bits when the 14 HARQ processes feature is configured (i.e., 2-bits from this field become available e.g., for jointly-encoding purposes).
Proposal 4: For the 14 HARQ processes feature the “HARQ-ACK delay” field is 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available e.g., for jointly-encoding purposes).
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