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1	Introduction
In the Work Item (WI) on “Additional enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for LTE-MTC:
	· [bookmark: _Hlk31052369][bookmark: _Hlk31108863]Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]



In this contribution we address the remaining details on the HARQ-ACK delay set for Alt2-e, and the usability of legacy DCI fields for the 14 HARQ processes feature.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
2.1	HARQ-ACK delay set for Alt-2e
In RAN1# 106bis-e, the progress on the framework for the HARQ-ACK delay set for Alt-2e reached the following Working Assumption [2]:
	
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.




What remains to be done is determining the values of the elements that compose the HARQ-ACK delay sets. In relation with it, for Alt-2e in RAN1# 105-e it was left as “FFS: Whether HARQ delay set is to use range1 or range2” [3]. The ranges 1 and 2 cited in the FFS are shown below as described in [4]:
Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in CE ModeA.
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1'
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2', or 'ce-SchedulingEnhancement' is not configured and ’ce-HARQ-AckBundling’ is set

	000
	4
	4

	001
	5
	5

	010
	7
	6

	011
	9
	7

	100
	11
	8

	101
	13
	9

	110
	15
	10

	111
	17
	11



During RAN1# 106bis-e [2], the following observations were made:
[bookmark: _Toc86787481]If the HARQ-ACK delay set associated to the PDSCH scheduling delay of 7 were not to include short values, then “In case the last PDSCH of a burst of data is scheduled with 7, the UE will need to wait too long for transmitting the HARQ-ACK” [5].
[bookmark: _Toc86787482]If in the second scheduling cycle the number of HARQ processes is e.g., ≤ 8 HARQ processes but ≥ than 1 HARQ process, then a HARQ-ACK delay set using only large delay values e.g., ≥ 12, won’t have the required short delay values to handle those scenarios.
[bookmark: _Toc86787483]The HARQ-ACK delay set associated to the PDSCH scheduling delay of 7 should include short delay values as to handle scenarios where not all the 14 HARQ processes are in use and to avoid in certain scenarios wating too long for an ACK/NACK.
[bookmark: _Toc86787484]The introduction of 14 HARQ processes exploits the two unutilized subframes per scheduling cycle in the 10 HARQ processes framework. That is why, in ideal scenarios the maximum required HARQ-ACK delay value passed from 11 subframes to 11+2 subframes = 13 subframes associated to the PDSCH scheduling delay of 7.
[bookmark: _Toc86787485]Based on the previous observation, the maximum delay value in the 10 elements set under Working Assumption should be equal to the maximum delay value in the 12 elements set plus two.
Aiming at including short delay values in both HARQ-ACK delay sets, we propose the following:
[bookmark: _Toc86787498]For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, the HARQ-ACK delay sets are based on Range 2 as follows:
· [bookmark: _Toc86787499]12 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15} for the PDSCH Scheduling delay expression associated to the delay of 2.
· [bookmark: _Toc86787500]10 elements: HARQ-ACK delay set = {4, 5, 6, 7, 12, 13, 14, 15, 16, 17} for the two PDSCH Scheduling delay expressions associated to the delay of 7.
2.2	Candidate DCI Fields for the Jointly Encoding Solutions
2.2.1	“Repetition number” field: 2-bits
During both RAN1#106-e [6] and RAN1# 106bis-e [2], it has been discussed whether the “Repetition number” field can be set to zero bits as to make use of their corresponding bits for joint-encoding purposes. In RAN1# 106bis-e, the following agreement was reached:
	
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-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.




RAN1 will focus on performing a down-selection between Opt-2 and Opt-3. Below we have listed the main reasons why Opt-2 is not viable and hence not preferred:
[bookmark: _Toc86787486]Although the 14 HARQ processes feature is intended to be “used for peak data rate improvement” we cannot assume that the radio conditions will remain invariant over time as to make always possible offering the highest peak data rate. The radio channel can suddenly change, and the need of using the “Repetition number” field cannot be considered as a corner case since bad radio conditions are unpredictable.
[bookmark: _Toc86787487]If the “Repetition number” field were set to zero-bits from the moment the 14 HARQ processes feature is configured (as per Opt-2), then the “Repetition number” field (i.e., PDSCH repetitions) would remain unusable (locked) as-long-as the 14 HARQ processes feature is configured.
[bookmark: _Toc86787488]In the event of experiencing adverse radio conditions, where using a single HARQ processes with repetitions is basically the only suitable choice. Opt-2 would require performing a re-configuration which under those radio conditions most likely will fail. In this case, Opt-2 is likely to eventually lead to a connection loss.
[bookmark: _Toc86787489]If Opt-2 were selected, using a common search space won’t be a viable fallback since CSS type 0 will not make possible to re-transmit HARQ# 8, 9, 10, 11 and 13. Being unable of re-transmitting HARQ# 8, 9, 10, 11 and 13 is not a corner case, since it is unpredictable which HARQ process # will be affected.
[bookmark: _Toc86787490]Opt-2 cannot be equivalent to “switching between Mode A and Mode B via RRC re-configuration”, since a CE Mode re-configuration is intended to stay using that other CE Mode configuration from that moment onwards, whereas the re-configuration that Opt-2 will require occurs within the same CE Mode.
[bookmark: _Toc86787491]A fully semi-statical approach as per Opt-2 corresponds to a design where it is assumed that good radio conditions always prevail, letting the feature unable to use legacy mechanisms that are already in place and that simply can remain usable to face momentarily adverse radio conditions.
Below we have listed the main reasons why Opt-3 is essential to keep the minimum flexibility and backward compatibility for the 14 HARQ processes feature.
[bookmark: _Toc86787492]The legacy DCI “Repetition Number” field was considered as a candidate to be set to 0-bits through using either Opt-1 or Opt-2, whereas “Opt-3: 2-bits as in legacy” means that such a legacy DCI field won’t be touched at all, i.e., According with Opt-3, the “Repetition Number” won’t be a candidate DCI field to be set to 0-bits anymore.
[bookmark: _Toc86787493]The intention of keeping usable the “Repetition Number” field as per Opt-3, is to be able to react (dynamically, i.e., without performing a re-configuration) to momentary bad radio conditions and get back to continue providing the best possible data rate once the radio conditions that were momentarily adverse are back to be good again.
[bookmark: _Toc86787494]In R1-2110414, it was proven that the PDSCH scheduling and HARQ-ACK delay expressions won’t require any modification. The usage of the “Repetition number” is connected to the 1 HARQ process case in adverse radio conditions.
Based on the observations listed above, we have the following proposal:
[bookmark: _Toc86787501]Conclusion: In Rel-17, for the 14 HARQ processes feature the “Repetition number” field is 2-bits as in legacy (i.e., Opt-3).

2.2.2	“HARQ-ACK delay” field: 3-bits
In Rel-17, the HARQ-ACK delay (regardless of whether it were configured based on Alt-1 or Alt-2e) will be indicated together with the PDSCH Scheduling delay through joint-encoding using a single DCI field. Thus, it is under discussion whether this legacy DCI field will be set to 0-bits depending on the status of the HARQ-ACK bundling flag, or if it will set to 0-bits from the moment the 14 HARQ process feature is configured.
[bookmark: _Toc86787495]In the case of the “HARQ-ACK delay” field, Opt-1 nor Opt-2 incur in any drawback of losing any legacy functionality, especially because in Rel-17 this field is enhanced by the HARQ-ACK delays given by either Alt-1 or Alt-2e which are provided through a new DCI field that jointly-encodes the PDSCH scheduling delay and HARQ-ACK delay.
Given that for the “Repetition number” field RAN1 will focus on performing a down-selection between Opt-2 and Opt-3 (i.e., no Opt-1 anymore), and due that in the case of the “HARQ-ACK delay” field Opt-2 does not incur in any drawback of losing any legacy functionality, we have the following proposal:
[bookmark: _Toc86787502]In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is: Opt-2: 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available for joint-encoding purposes).
2.2.3	Overview of “Repetition Number” field and “HARQ-ACK delay” field depending on the down-selection of Opt-2 and Opt-3
In this section, the intention is to provide an overview on what are the implications on the 14 HARQ processes feature depending on the down-selection of Opt-2 and Opt-3.
Table 1: Comparison of strategies for setting the legacy DCI fields to zero.
	General Description
	Hybrid Approach:
“Repetition Number” field is 2-bits as in legacy (i.e., Opt-3)
“HARQ-ACK bundling flag” is 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available for joint-encoding purposes).
	Semi-Static Approach:
“Repetition Number” field is 0-bits when the 14 HARQ processes feature is configured (i.e., 2-bits from this field become available for joint-encoding purposes).
“HARQ-ACK bundling flag” is 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available for joint-encoding purposes).

	
	Hybrid Approach: 
If ce-14harqProcess is configured,
· 2-bits Repetition number field.
· 0-bits HARQ-ACK delay field (i.e., 3-bits from this field become available e.g., for joint-encoding purposes).
· 1-bit HARQ-ACK bundling flag.
· New DCI field “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” becomes available
· 7-bits “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” when Alt-1 is configured. From the 7-bits required we would be re-using 3-bits from legacy fields meaning that the DCI size would be increased by 4-bits.
· 5-bits “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” when Alt-2e is configured. From the 5-bits required we would be re-using 3-bits from legacy fields meaning that the DCI size would be increased by 2-bits.
Else (i.e., If ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· 1-bit HARQ-ACK bundling flag
End
	Semi-Static Approach: 
If ce-14harqProcess is configured,
· 0-bits Repetition number field (i.e., 2-bits from this field become available e.g., for joint-encoding purposes).
· 0-bits HARQ-ACK delay field (i.e., 3-bits from this field become available e.g., for joint-encoding purposes).
· 1-bit HARQ-ACK bundling flag.
· New DCI field “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” becomes available
· 7-bits “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” when Alt-1 is configured. From the 7-bits required we would be re-using 5-bits from legacy fields meaning that the DCI size would be increased by 2-bits.
· 5-bits “PDSCH_Scheduling_Delay_&_HARQ-ACK_Delay” when Alt-2e is configured. From the 5-bits required we would be re-using 5-bits from legacy fields. 
Else (i.e., If ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· 1-bit HARQ-ACK bundling flag
End

	Overall Observations
	· While the 14 HARQ processes feature is configured, the “Repetition number” field is kept untouched and ready to be used as per legacy when required. 

· The DCI size is increased by 4-bits.

	· The DCI size is increased by 2-bits, nonetheless the price to be paid is losing flexibility and backward compatibility since the “Repetition Number” field will be unavailable while the 14 HARQ processes feature is configured.

· To make use of the legacy “Repetition number” field it will be necessary to perform an RRC reconfiguration.

· The lack of backward compatibility and flexibility from a semi-static approach that leaves unusable the “Repetition Number” field won’t make possible to face a bad radio conditions requiring the use of a single HARQ processes along with PDSCH repetitions. Under those radio conditions, a re-configuration is likely to fail.




[bookmark: _Toc86787496]Based on the analysis performed in sections 2.2.1, 2.2.2 and Table 1:
[bookmark: _Toc86787497]The “HARQ-ACK delay” field can follow a semi-static approach as per Opt-2 with no drawbacks, however, is essential to keep the “Repetition Number” field usable as in legacy (i.e., untouched as per Opt-3) to keep the minimum flexibility and backward compatibility that is needed for the 14 HARQ processes feature.
4	Conclusion
In the previous sections we made the following observations towards the “Support of additional PDSCH scheduling delay for the introduction of 14-HARQ processes in DL, for HD-FDD Cat-M1 UEs”:

Observation 1	If the HARQ-ACK delay set associated to the PDSCH scheduling delay of 7 were not to include short values, then “In case the last PDSCH of a burst of data is scheduled with 7, the UE will need to wait too long for transmitting the HARQ-ACK” [5].
Observation 2	If in the second scheduling cycle the number of HARQ processes is e.g., ≤ 8 HARQ processes but ≥ than 1 HARQ process, then a HARQ-ACK delay set using only large delay values e.g., ≥ 12, won’t have the required short delay values to handle those scenarios.
Observation 3	The HARQ-ACK delay set associated to the PDSCH scheduling delay of 7 should include short delay values as to handle scenarios where not all the 14 HARQ processes are in use and to avoid in certain scenarios wating too long for an ACK/NACK.
Observation 4	The introduction of 14 HARQ processes exploits the two unutilized subframes per scheduling cycle in the 10 HARQ processes framework. That is why, in ideal scenarios the maximum required HARQ-ACK delay value passed from 11 subframes to 11+2 subframes = 13 subframes associated to the PDSCH scheduling delay of 7.
Observation 5	Based on the previous observation, the maximum delay value in the 10 elements set under Working Assumption should be equal to the maximum delay value in the 12 elements set plus two.
Observation 6	Although the 14 HARQ processes feature is intended to be “used for peak data rate improvement” we cannot assume that the radio conditions will remain invariant over time as to make always possible offering the highest peak data rate. The radio channel can suddenly change, and the need of using the “Repetition number” field cannot be considered as a corner case since bad radio conditions are unpredictable.
Observation 7	If the “Repetition number” field were set to zero-bits from the moment the 14 HARQ processes feature is configured (as per Opt-2), then the “Repetition number” field (i.e., PDSCH repetitions) would remain unusable (locked) as-long-as the 14 HARQ processes feature is configured.
Observation 8	In the event of experiencing adverse radio conditions, where using a single HARQ processes with repetitions is basically the only suitable choice. Opt-2 would require performing a re-configuration which under those radio conditions most likely will fail. In this case, Opt-2 is likely to eventually lead to a connection loss.
Observation 9	If Opt-2 were selected, using a common search space won’t be a viable fallback since CSS type 0 will not make possible to re-transmit HARQ# 8, 9, 10, 11 and 13. Being unable of re-transmitting HARQ# 8, 9, 10, 11 and 13 is not a corner case, since it is unpredictable which HARQ process # will be affected.
Observation 10	Opt-2 cannot be equivalent to “switching between Mode A and Mode B via RRC re-configuration”, since a CE Mode re-configuration is intended to stay using that other CE Mode configuration from that moment onwards, whereas the re-configuration that Opt-2 will require occurs within the same CE Mode.
Observation 11	A fully semi-statical approach as per Opt-2 corresponds to a design where it is assumed that good radio conditions always prevail, letting the feature unable to use legacy mechanisms that are already in place and that simply can remain usable to face momentarily adverse radio conditions.
Observation 12	The legacy DCI “Repetition Number” field was considered as a candidate to be set to 0-bits through using either Opt-1 or Opt-2, whereas “Opt-3: 2-bits as in legacy” means that such a legacy DCI field won’t be touched at all, i.e., According with Opt-3, the “Repetition Number” won’t be a candidate DCI field to be set to 0-bits anymore.
Observation 13	The intention of keeping usable the “Repetition Number” field as per Opt-3, is to be able to react (dynamically, i.e., without performing a re-configuration) to momentary bad radio conditions and get back to continue providing the best possible data rate once the radio conditions that were momentarily adverse are back to be good again.
Observation 14	In R1-2110414, it was proven that the PDSCH scheduling and HARQ-ACK delay expressions won’t require any modification. The usage of the “Repetition number” is connected to the 1 HARQ process case in adverse radio conditions.
Observation 15	In the case of the “HARQ-ACK delay” field, Opt-1 nor Opt-2 incur in any drawback of losing any legacy functionality, especially because in Rel-17 this field is enhanced by the HARQ-ACK delays given by either Alt-1 or Alt-2e which are provided through a new DCI field that jointly-encodes the PDSCH scheduling delay and HARQ-ACK delay.
Observation 16	Based on the analysis performed in sections 2.2.1, 2.2.2 and Table 1:
The “HARQ-ACK delay” field can follow a semi-static approach as per Opt-2 with no drawbacks, however, is essential to keep the “Repetition Number” field usable as in legacy (i.e., untouched as per Opt-3) to keep the minimum flexibility and backward compatibility that is needed for the 14 HARQ processes feature.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, the HARQ-ACK delay sets are based on Range 2 as follows:
	12 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15} for the PDSCH Scheduling delay expression associated to the delay of 2.
	10 elements: HARQ-ACK delay set = {4, 5, 6, 7, 12, 13, 14, 15, 16, 17} for the two PDSCH Scheduling delay expressions associated to the delay of 7.
Proposal 2	Conclusion: In Rel-17, for the 14 HARQ processes feature the “Repetition number” field is 2-bits as in legacy (i.e., Opt-3).
Proposal 3	In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is: Opt-2: 0-bits when the 14 HARQ processes feature is configured (i.e., 3-bits from this field become available for joint-encoding purposes).
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