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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 joint encoding of the PDSCH Scheduling delay and HARQ-ACK delay, including the usability of legacy DCI fields and other aspects such as capability and search space to be used for the 14 HARQ processes feature.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
2.1	Joint Encoding of the “PDSCH Scheduling delay” and “HARQ-ACK delay”
In RAN1# 105-e [2], it was agreed that the HARQ-ACK delay solution will support Alt-1 and Alt2-e as to use either of them based on the configuration provided via RRC signalling:
· Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (using a similar principle as the PDSCH scheduling delay). 

· Alt-2e: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”. 

The 14 HARQ processes feature can therefore have in place any of the following configurations:
· The PDSCH Scheduling delay solution used along with Alt-1 configured via RRC as the HARQ-ACK delay solution.

· The PDSCH Scheduling delay solution used along with Alt-2e configured via RRC as the HARQ-ACK delay solution.

For both Alt-1 and Alt-2e, a jointly encoding of PDSCH scheduling delay and HARQ-ACK delay will be used as to provide a bit saving (for Alt-1) and extra-delay values (for Alt-2e) with respect to using independent DCI fields for the PDSCH Scheduling delay and HARQ-ACK delay. 
2.1.1	Joint Encoding of PDSCH Scheduling delay solution used along with Alt-1 configured via RRC as the HARQ-ACK delay solution
In RAN1# 106-e [3], the following agreements were reached with respect to the joint encoding of the PDSCH scheduling delay and the HARQ-ACK delay using Alt-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. 

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.




[bookmark: _Hlk81856604]As per the confirmed WA, a 7-bits jointly encoding solution will be used for the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-1” as to have full-flexibility (108 states in total):
· PDSCH scheduling delay: There are 3 different expressions.
· HARQ-ACK delay configured with “Alt-1”: There are 12 values for “y” and 3 values for “z”.
· The joint encoding solution for Alt-1 with full-flexibility requires: 12(3) + 12(3) + 12(3) = 108 states
· Total Number of bits in DCI: 7 bits.
Moreover, it has been concluded “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”, therefore:
[bookmark: _Toc83909305]For the joint-encoding of the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-1”, what is left to be done is analysing which existing DCI fields could potentially be set to zero as to do not have to increase the size of the DCI more than necessary.
[bookmark: _Hlk76035443]In section 2.2 we discuss which DCI fields could potentially be set to zero without impacting the backward compatibility and flexibility expected from the 14 HARQ processes feature.
2.1.2	Joint Encoding of PDSCH Scheduling delay solution used along with Alt-2-e configured via RRC as the HARQ-ACK delay solution
In RAN1# 106-e [3], the following agreements were reached with respect to the joint encoding of the PDSCH Scheduling delay and the HARQ-ACK delay using Alt-2e.
	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




As per the confirmed WA, a 5-bits jointly encoding solution will be used for the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-2e”, which will allow to have more elements (i.e., delay values) composing the HARQ-ACK delay set(s) than the ones available in legacy since with 5-bits there are up to 32 states available.
[bookmark: _Toc82187538][bookmark: _Toc83909306]For the joint-encoding of the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-2e”, what is left to be done is determining the HARQ-ACK delay size(s) and delay values composing such a set(s).
Accounting for the 32 available states for the joint encoding solution when Alt-2e is configured, the options discussed in RAN1# 106-e are compared below in Table 1:
Table 1: “HARQ-ACK delay” set(s) candidates when Alt2-e is configured as per RAN1# 106-e.
	


General Description
	[bookmark: _Hlk82101006] 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].


	Pros
	· Balanced HARQ-ACK delay set size:
The HARQ-ACK delay set will have the same size for all the PDSCH Scheduling delay expressions. That is, the size of the HARQ-ACK delay set is 10 for the PDSCH scheduling delay expression associated to the delay of 2, as well as for the two PDSCH scheduling delay expressions associated to the delay of 7.
	· Fully exploits the 32 states available with 5-bits.
	· The variant using [9] elements for the two PDSCH Scheduling delay expressions associated to the delay of 7, fully exploits the 32 states available with 5-bits.

	Cons
	· Only exploits 30 states out of the 32 states available with 5-bits.

	· Unbalanced HARQ-ACK delay set size:

The HARQ-ACK delay set will have a different size depending on the PDSCH Scheduling delay expression. That is, the size of the HARQ-ACK delay set is 10 for the PDSCH scheduling delay expression associated to the delay of 2, whereas the HARQ-ACK delay set is 11 for the two PDSCH scheduling delay expressions associated to the delay of 7.
	
· Unbalanced HARQ-ACK delay set size.

[bookmark: _Hlk82095369]The design is short delay heavy. That is, the size of the HARQ-ACK delay set is longer for the PDSCH scheduling delay expression associated to the delay of 2, which may not make possible to handle certain scenarios for the two PDSCH scheduling delay expressions associated to the delay of 7.

· The variant using 8 elements for the two PDSCH Scheduling delay expressions associated to the delay of 7, only exploits 30 states out of the 32 states available with 5-bits.






[bookmark: _Toc82187539][bookmark: _Toc83909307]Opt-1 and Opt-2 are both suitable choices. Opt-1 is simpler since uses a single-size HARQ-ACK delay set for all the PDSCH scheduling delay expressions, whereas Opt-2 uses a dual-size HARQ-ACK delay set as to include an extra delay value for the PDSCH scheduling delay expressions associated to the delay of 7.
[bookmark: _Toc82187540][bookmark: _Toc83909308]Opt-3 has a design that heavily leans towards the PDSCH scheduling delay expression associated to the delay of 2, which may not make possible to handle certain scenarios for the two PDSCH scheduling delay expressions associated to the delay of 7.

For having the complete picture of the options compared in Table 1, it is necessary to know the value of the elements that compose the HARQ-ACK delay set(s). 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”. The ranges 1 and 2 cited in the FFS are shown below as described in [4]:
[bookmark: _Hlk75967071]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'
	[bookmark: _Hlk75966841]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



In the subsection below we analyse “range1” and “range2” starting with the latter one.
2.1.2.1 Alt-2e using a HARQ-ACK delay set based on range2
If for the Alt-2e HARQ-ACK delay set based on range 2 we assume that the new delay values will continue using a unitary step increase as in legacy, then:
Table 2: Delay values based on legacy range2 composing the “HARQ-ACK delay” set(s) candidates for Alt-2e.
	 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 = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13} equally applicable for each of the three PDSCH Scheduling delay expressions. 
	Opt-2: 
10 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13} for the PDSCH Scheduling delay expression associated to the delay of 2.
11 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14} for the two PDSCH Scheduling delay expressions associated to the delay of 7. 
	Opt-3:
14 elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17} for the PDSCH Scheduling delay expression associated to the delay of 2.
8/[9] elements: HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 18, 19, [20]} for the two PDSCH Scheduling delay expressions associated to the delay of 7.



[bookmark: _Toc82187541][bookmark: _Toc83909309]For Opt-1 and Opt-2: When range2 is mapped one-on-one into {a, b, …, j/k}, the HARQ-ACK delay sets for Opt-1 and Opt-2 preserve the legacy delays contained in range2 for all the PDSCH scheduling delay expressions, therefore both Opt-1 and Opt-2 seem to be suitable choices.
[bookmark: _Toc82187542][bookmark: _Toc83909310]For Opt-1: The longest delay in the HARQ-ACK delay set is the minimum delay required to handle ideal scenarios (i.e., 13 subframes). To handle at least a small percentage of invalid subframes, the unitary-step size in the HARQ-ACK delay set would have to be replaced by an arbitrary selection of values at the tail-end e.g., {range2_delay_values, 12, 13} by {range2_delay_values, 13, 14}.
[bookmark: _Toc82187543][bookmark: _Toc83909311]For Opt-2: The HARQ-ACK delay set for the PDSCH scheduling delay of 2 has the minimum delay required to handle ideal scenarios, whereas the HARQ-ACK delay set for the PDSCH scheduling delays of 7 allows to handle ⁓ 8% presence of evenly distributed non-BL/CE DL subframes. As for Opt-1, selecting arbitrary values (i.e., no unitary-step) at the tail-end will allow to handle a different % of invalid subframes.
[bookmark: _Toc82187544][bookmark: _Toc83909312]For Opt-3: When range2 is mapped one-on-one into {a, b, …, n} and {a, b, …, f, o, p, [q]}, the HARQ-ACK delay sets for Opt-3 only preserves the legacy delays contained in range2 for the PDSCH scheduling delay expression associated to the delay of 2.
[bookmark: _Toc82187545][bookmark: _Toc83909313]For Opt-3: When range2 is mapped one-on-one into {a, b, …, n} and {a, b, …, f, o, p, [q]}, the value of 13 is unavailable for the PDSCH scheduling delay expressions associated to the delay of 7 which is a fundament delay for supporting ideal scenarios.
2.1.2.2	Alt-2e using a HARQ-ACK delay set based on range1
The 8 delay values of the legacy HARQ-ACK delay set for range 1 are {4, 5, 7, 9, 11, 13, 15, 17}, which except for the first and second element uses a 2-step distance between its elements. If for the Alt-2e HARQ-ACK delay set based on range 1 we assume that the new delay values will continue using a 2-step increase, then:
Table 3: Delay values based on legacy range1 composing the “HARQ-ACK delay” set(s) candidates for Alt-2e.
	 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 = {4, 5, 7, 9, 11, 13, 15, 17, 19, 21} equally applicable for each of the three PDSCH Scheduling delay expressions. 
	Opt-2: 
10 elements: HARQ-ACK delay set = {4, 5, 7, 9, 11, 13, 15, 17, 19, 21} for the PDSCH Scheduling delay expression associated to the delay of 2.
11 elements: HARQ-ACK delay set = {4, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23} for the two PDSCH Scheduling delay expressions associated to the delay of 7. 
	Opt-3:
14 elements: HARQ-ACK delay set = {4, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29} for the PDSCH Scheduling delay expression associated to the delay of 2.
8/[9] elements: HARQ-ACK delay set = {4, 5, 7, 9, 11, 13, 31, 33, [35]} for the two PDSCH Scheduling delay expressions associated to the delay of 7.



[bookmark: _Toc82187546][bookmark: _Toc83909314]For Opt-1 and Opt-2: When range1 is mapped one-on-one into {a, b, …, j/k}, the HARQ-ACK delay sets for Opt-1 and Opt-2 preserve available the legacy delays contained in range1 for all the PDSCH scheduling delay expressions, therefore both Opt-1 and Opt-2 seem to be suitable choices.
[bookmark: _Toc82187547][bookmark: _Toc83909315]For Opt-1: The longest delay in the HARQ-ACK delay set allows to handle ⁓ 42% presence of evenly distributed non-BL/CE DL subframes. Nonetheless, recall that range1 uses a 2-step increase between delay values.
[bookmark: _Toc82187548][bookmark: _Toc83909316]For Opt-2: The longest delay in the HARQ-ACK delay set for the PDSCH scheduling delay of 2 allows to handle ⁓ 42% presence of evenly distributed non-BL/CE DL subframes, whereas the HARQ-ACK delay set for the PDSCH scheduling delays of 7 allows to handle ⁓ 47% presence of evenly distributed non-BL/CE DL subframes. Nonetheless, recall that range1 uses a 2-step increase between delay values.
[bookmark: _Toc82187549][bookmark: _Toc83909317]For Opt-3: When range1 is mapped one-on-one into {a, b, …, n} and {a, b, …, o, p, [q]}, the HARQ-ACK delay sets for Opt-3 only preserve available the legacy delays contained in range1 for the PDSCH scheduling delay expression associated to the delay of 2.
2.1.2.3	Summary for the Alt-2e HARQ-ACK delay set based on range1 and range 2
Based on the analysis made in sections 2.1.2.1 and 2.1.2.2 for Alt-2e using a HARQ-ACK delay set based respectively on range1 and range 2 we have the following proposals:
[bookmark: _Toc83908544]For the joint encoding of “PDSCH Scheduling delay” and “HARQ-ACK delay” when Alt-2e is configured, down-select whether the HARQ-ACK delay set is based on Opt-1 or Opt-2:
· [bookmark: _Toc82187591][bookmark: _Toc83908545]Opt-1:
· [bookmark: _Toc82187592][bookmark: _Toc83908546]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. 
· [bookmark: _Toc82187593][bookmark: _Toc83908547]Opt-2:
· [bookmark: _Toc82187594][bookmark: _Toc83908548]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.
· [bookmark: _Toc82187595][bookmark: _Toc83908549]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.
[bookmark: _Toc82187596][bookmark: _Toc83908550][bookmark: _Toc82187597][bookmark: _Toc82187550]The HARQ-ACK delay set is based on range1 preserving all the legacy delays i.e., HARQ-ACK delay = {4, 5, 7, 9, 11, 13, 15, 17, i, j/k}, along with the delay values in the tail-end (i.e., {i, j/k}) selected as follows: 
· [bookmark: _Toc83908551]“j/k” is continued using the legacy 2-step size e.g., j = 19/k=21, this would make possible handling ⁓ 35%/⁓42% presence of evenly distributed non-BL/CE DL subframes. 
· [bookmark: _Toc82187551][bookmark: _Toc83908552][bookmark: _Toc82187552]“i” is arbitrarily chosen as i = 6, this would make possible in ideal scenarios bundling the farthest HARQ processes (i.e., #10, #11, #12, #13, #0, … #5) to the closest “PUCCH#0 and PUCCH#1” and closest HARQ processes (#6, #7, #8, #9) to “PUCCH#2”.
[bookmark: _Toc83908553][bookmark: _Toc82187553]That is:
· [bookmark: _Toc83908554][bookmark: _Toc82187554]PUCCH#0 would be able to bundle HARQ processes {#12 or #10, #0, #2, #4}.
· [bookmark: _Toc83908555][bookmark: _Toc82187555]PUCCH#1 would be able to bundle HARQ processes {#13 or #11, #1, #3, #5}.
· [bookmark: _Toc83908556]PUCCH#2 would be able to bundle HARQ processes {#6, #7, #8, #9}

[bookmark: _Toc83909318]The HARQ-ACK delay set based on range 1 as defined in proposal 2 allows to handle ideal scenarios in a suitable manner (farthest HARQ processes to closest PUCCHs and vice versa) and equips Alt-2e with delays that handle more than just a few invalid subframes (e.g., up to ⁓ 35%/⁓42% evenly distributed non-BL/CE DL subframes).
[bookmark: _Toc83908557]Conclusion: How to implement/describe the states, e.g., table, resulting from the joint encoding solution of Alt-2-e is left up to the Editor, based on the agreements for the PDSCH scheduling delay, HARQ-ACK delay, the WA confirmed for Alt-2e, and the outcome about the HARQ-ACK delay size(s) and delay values composing such a set(s).
2.2	Candidate DCI Fields for the Jointly Encoding Solutions
In RAN1# 106-e there were initial discussions on which legacy DCI fields could potentially be set to zero as to do not have to increase the size of the DCI more than necessary for the joint-encoding solutions of Alt-1 and Alt-2e. The legacy DCI fields under discussion were the “Repetition number” and the “HARQ-ACK delay” fields for which two options were considered for setting them to zero: Opt-1 when the “HARQ-ACK bundling flag” is set to 1 or Opt-2 when the 14 HARQ processes feature is configured.
The usability of the “HARQ-ACK bundling flag” for the 14 HARQ processes feature was questioned, it is therefore important to address those questions before continuing the discussion on which legacy DCI fields could potentially be set to zero:
Question 1: During RAN1#106-e, one company made the following comment: “Regarding the HARQ-ACK bundling field, … we think the field becomes useless, because of the solid relationship of 14HARQ process and HARQ-ACK bundling”
The usefulness or uselessness of the “HARQ-ACK bundling flag” will depend on the design/strategy that will be followed for setting the legacy DCI fields to zero. In Table 4 we present a design/strategy (see e.g., Strategy 1) that sets the legacy DCI fields to zero subject to the status of the “HARQ-ACK bundling flag”, which keeps this legacy flag useful providing flexibility and backward compatibility.
One other thing that is important to make clear is that:
[bookmark: _Toc82187556][bookmark: _Toc83909319]When the 14 HARQ processes feature is configured, it does not mean that 14 HARQ processes are always in use but rather that up to 14 HARQ processes can be used. Recall that in legacy the number of HARQ processes to be used changes dynamically via DCI. Moreover, even though this feature is meant to be used in good radio conditions, at a given point in time the number of HARQ processes required to transmit the DL data can change, and also the radio channel can suddenly change (e.g., because of shadowing). 
The above observation is important since the design needs to consider that scenarios as the one illustrated below can occur:
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Figure 1: ce-14harqProcess is configured, illustrating 11 HARQ processes in use followed by 1 HARQ process in use.
Figure 1 depicts two scheduling cycles, a scheduling cycle encompasses the transmission of MPDCCH(s), PDSCH(s) and PUCCH(s) for up to 12 HARQ processes until transmissions start all over again (yet again for up 12 HARQ processes). Figure 1 illustrates a scenario where in the 1st scheduling cycle there are 11 HARQ processes in use, followed by the data of one of those HARQ processes in the 2nd scheduling cycle. For HARQ process 12 and 13 in the 1st scheduling cycle, the PDSCH scheduling delay is 7 and the HARQ-ACK bundling flag = 1, while for HARQ process 10 in the 2nd scheduling cycle the PDSCH scheduling delay is 7 and HARQ-ACK bundling flag = 0 as to do not make use of bundling. In case there were a question on why PUCCH#0 in the 2nd scheduling cycle is transmitted till subframe# 21, it is important to recall that minimum HARQ-ACK delay is 4 subframes. Figure 1 basically illustrates how the PDSCH scheduling delay associated to the delay of 7 can make use of both bundling and no-bundling.
Question 2: From RAN1#106-e: “how does the network work if HARQ-ACK bundling is disabled and 14HARQ process is configured”
Similarly, it depends on the design/strategy followed for setting the legacy DCI fields to zero. In Table 4, we provide an answer to this question depending on the strategy being followed for setting the legacy DCI fields to zero.
[bookmark: _Hlk82161104]2.2.1	Comparison of strategies for setting the legacy DCI fields to zero
In this section Table 4 compares strategies for potentially setting the “Repetition number” field and/or the “HARQ-ACK delay” field and/or the “HARQ-ACK bundling flag” field to zero, as to find out which strategy provides both flexibility and backward compatibility.
Table 4: Comparison of strategies for setting the legacy DCI fields to zero.
	General Description
	Dynamically Controlled approach (via a DCI field) for setting the legacy DCI fields to zero. 
· The legacy DCI field are set to zero when the “HARQ-ACK bundling flag” is set to 1
	Semi-statically Controlled approach (via RRC configuration) for setting the legacy DCI fields to zero.
· The legacy DCI field are set to zero when the 14 HARQ processes feature is configured

	
	[bookmark: _Hlk82185829]Strategy 1: 
If ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 1,
· 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).
· 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 if ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 0,
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· FFS: If the 2-bits (newly added) are utilized to keep usable with no bundling the PDSCH scheduling delay expressions associated to the delay of 2, 7-type-1, and 7-type-2, or If those bits will be reserved.
Else (i.e., ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
End
	Strategy 2: 
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).
· 0-bit HARQ-ACK bundling flag (i.e., 1-bit from this field becomes available e.g., for joint-encoding purposes).
· 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 6-bits from legacy fields meaning that the DCI size would be increased by 1-bit.
· 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. 
· FFS: The bits to be “Reserved”, since it depends on whether the DCI size will change or not as a function of the configured joint-encoding solution.
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

	Pros
	· The “Repetition number” field is enabled/disabled through the status of the “HARQ-ACK bundling flag”, which follows the legacy principle used by the “DCI subframe repetition number” field. Following the legacy principle avoids having to perform an RRC reconfiguration for the purpose using the “Repetition number” field as in legacy. Recall that having “ce-14harqProcess” configured doesn’t mean that 14 HARQ processes are always in use, but rather that up to 14 HARQ processes can be used.

· The 2-bits (newly added) can be utilized to indicate the PDSCH scheduling delay expressions associated to the delay of 2, 7-type1, and 7-type2 as to use those delays with and without HARQ-ACK bundling.

	· The DCI size is increased by 1-bit, nonetheless the price to be paid is losing flexibility and backward compatibility.

	Cons
	· The DCI size is increased by 2-bits.
	· The legacy use of the “Repetition number” field remains unavailable as long as ce-14harqProcess is configured, and to enabled it will be necessary to perform an RRC reconfiguration.

· It is not possible switching between HARQ-ACK Bundling and No-Bundling as long as ce-14harqProcess is configured. To make use of No-Bundling it will be necessary to perform an RRC reconfiguration. Recall that having “ce-14harqProcess” configured doesn’t mean that 14 HARQ processes are always in use, but rather that up to 14 HARQ processes can be used.


	General Description
	Semi-statically Controlled approach (via RRC configuration) for setting the legacy DCI fields to zero.
· Legacy DCI field are set to zero when the 14 HARQ processes feature is configured
	Dynamically Controlled approach (via a DCI field) for setting the legacy DCI fields to zero.
· Legacy DCI field are set to zero when a “New flag” is set to 1

	
	Strategy 3: 
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.
· FFS: The bits to be “Reserved”, since it depends on whether the DCI size will change or not as a function of the configured joint-encoding solution.
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
	Strategy 4: 
If ce-14harqProcess is configured & “New flag” is set to 1,
· 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 plus 1-bit of the “New flag”, 3-bits in total.
· 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 if ce-14harqProcess is configured & “New flag” is set to 0,
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· 1-bit HARQ-ACK bundling flag.
· FFS: The bits to be “Reserved”, since it depends on whether the DCI size will change or not as a function of the configured joint-encoding solution. The 1-bit newly added for the “New flag” is not reserved since the flag is always used.
Else (i.e., ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· 1-bit HARQ-ACK bundling flag.
End

	Pros
	· Both the “Repetition number” and the “HARQ-ACK bundling flag” fields are kept untouched as to allow using them as in legacy. Hence the delays schedulable through joint-encoding are usable with and without HARQ-ACK bundling.

	· The “Repetition number” field is enabled/disabled through the status of a “New flag”, which follows the legacy principle (i.e., flag-based enabling/disabling) used by the “DCI subframe repetition number” field. This avoids having to perform an RRC reconfiguration for the purpose using the “Repetition number” field as in legacy. 

· The “HARQ-ACK bundling flag” is kept used as in legacy as to allow passing dynamically from using HARQ-ACK bundling to not using HARQ-ACK bundling.

· The “New flag” controls whether to use the delays schedulable through joint-encoding or the legacy ones.


	Cons
	· The DCI size is increased by 4-bits.
	· The DCI size is increased by 3-bits.



Based on the analysis performed in Table 4, the strategy that provides flexibility and backward compatibility along with requiring a minor increase (2-bits) on the legacy DCI size is “Strategy 1”. Therefore, in line with it we have the following proposals:
[bookmark: _Toc82187598][bookmark: _Toc83908558]In Rel-17, for the 14 HARQ processes feature the “Repetition number” field is:
[bookmark: _Toc82187599][bookmark: _Toc83908559]0-bits when the "HARQ-ACK bundling flag" is set to 1 (i.e., 2-bits from this field become available e.g., for joint-encoding purposes). 
[bookmark: _Toc82187600][bookmark: _Toc83908560]In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is: 0-bits when the "HARQ-ACK bundling flag" is set to 1 (i.e., 3-bits from this field become available e.g., for joint-encoding purposes).
[bookmark: _Toc82187601][bookmark: _Toc83908561]In Rel-17, for the 14 HARQ processes feature the DCI size is increased by 2-bits which together with the legacy “Repetition number” and “HARQ-ACK” fields set to 0-bits are used as follows:
If ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 1,
· 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).
· 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 if ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 0,
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· FFS: If the 2-bits (newly added) are utilized to keep usable with no bundling the PDSCH scheduling delay expressions associated to the delay of 2, 7-type-1, and 7-type-2, or if those bits will be reserved.
Else (i.e., ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
[bookmark: _Toc83908562]End
[bookmark: _Toc83909320]Proposal 6 provides flexibility and backward compatibility along with requiring a minor increase (2-bits only) on the legacy DCI size.
In relation with legacy DCI fields, the following proposal is made:
[bookmark: _Toc82187613][bookmark: _Toc83908563]In Rel-17, for the 14 HARQ processes feature the “HARQ process number” field uses 4-bits.
· [bookmark: _Toc82187614][bookmark: _Toc83908564]The mapping associated to the 4-bits of this field is updated to include the newly added HARQ processes (i.e., 11th, 12th, 13th, and 14th HARQ processes).
2.3	UE Specific Search Space for the 14 HARQ processes feature
In our view, a User Specific Search Space (USS) has to be used for the 14-HARQ processes feature.
[bookmark: _Toc82187615][bookmark: _Toc83908565]In Rel-17 for the 14 HARQ processes feature, the User Specific Search Space (USS) is used.
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	For the joint-encoding of the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-1”, what is left to be done is analysing which existing DCI fields could potentially be set to zero as to do not have to increase the size of the DCI more than necessary.
Observation 2	For the joint-encoding of the “PDSCH Scheduling delay and the HARQ-ACK delay configured with Alt-2e”, what is left to be done is determining the HARQ-ACK delay size(s) and delay values composing such a set(s).
Observation 3	Opt-1 and Opt-2 are both suitable choices. Opt-1 is simpler since uses a single-size HARQ-ACK delay set for all the PDSCH scheduling delay expressions, whereas Opt-2 uses a dual-size HARQ-ACK delay set as to include an extra delay value for the PDSCH scheduling delay expressions associated to the delay of 7.
Observation 4	Opt-3 has a design that heavily leans towards the PDSCH scheduling delay expression associated to the delay of 2, which may not make possible to handle certain scenarios for the two PDSCH scheduling delay expressions associated to the delay of 7.
Observation 5	For Opt-1 and Opt-2: When range2 is mapped one-on-one into {a, b, …, j/k}, the HARQ-ACK delay sets for Opt-1 and Opt-2 preserve the legacy delays contained in range2 for all the PDSCH scheduling delay expressions, therefore both Opt-1 and Opt-2 seem to be suitable choices.
Observation 6	For Opt-1: The longest delay in the HARQ-ACK delay set is the minimum delay required to handle ideal scenarios (i.e., 13 subframes). To handle at least a small percentage of invalid subframes, the unitary-step size in the HARQ-ACK delay set would have to be replaced by an arbitrary selection of values at the tail-end e.g., {range2_delay_values, 12, 13} by {range2_delay_values, 13, 14}.
Observation 7	For Opt-2: The HARQ-ACK delay set for the PDSCH scheduling delay of 2 has the minimum delay required to handle ideal scenarios, whereas the HARQ-ACK delay set for the PDSCH scheduling delays of 7 allows to handle ⁓ 8% presence of evenly distributed non-BL/CE DL subframes. As for Opt-1, selecting arbitrary values (i.e., no unitary-step) at the tail-end will allow to handle a different % of invalid subframes.
Observation 8	For Opt-3: When range2 is mapped one-on-one into {a, b, …, n} and {a, b, …, f, o, p, [q]}, the HARQ-ACK delay sets for Opt-3 only preserves the legacy delays contained in range2 for the PDSCH scheduling delay expression associated to the delay of 2.
Observation 9	For Opt-3: When range2 is mapped one-on-one into {a, b, …, n} and {a, b, …, f, o, p, [q]}, the value of 13 is unavailable for the PDSCH scheduling delay expressions associated to the delay of 7 which is a fundament delay for supporting ideal scenarios.
Observation 10	For Opt-1 and Opt-2: When range1 is mapped one-on-one into {a, b, …, j/k}, the HARQ-ACK delay sets for Opt-1 and Opt-2 preserve available the legacy delays contained in range1 for all the PDSCH scheduling delay expressions, therefore both Opt-1 and Opt-2 seem to be suitable choices.
Observation 11	For Opt-1: The longest delay in the HARQ-ACK delay set allows to handle ⁓ 42% presence of evenly distributed non-BL/CE DL subframes. Nonetheless, recall that range1 uses a 2-step increase between delay values.
Observation 12	For Opt-2: The longest delay in the HARQ-ACK delay set for the PDSCH scheduling delay of 2 allows to handle ⁓ 42% presence of evenly distributed non-BL/CE DL subframes, whereas the HARQ-ACK delay set for the PDSCH scheduling delays of 7 allows to handle ⁓ 47% presence of evenly distributed non-BL/CE DL subframes. Nonetheless, recall that range1 uses a 2-step increase between delay values.
Observation 13	For Opt-3: When range1 is mapped one-on-one into {a, b, …, n} and {a, b, …, o, p, [q]}, the HARQ-ACK delay sets for Opt-3 only preserve available the legacy delays contained in range1 for the PDSCH scheduling delay expression associated to the delay of 2.
Observation 14	The HARQ-ACK delay set based on range 1 as defined in proposal 2 allows to handle ideal scenarios in a suitable manner (farthest HARQ processes to closest PUCCHs and vice versa) and equips Alt-2e with delays that handle more than just a few invalid subframes (e.g., up to ⁓ 35%/⁓42% evenly distributed non-BL/CE DL subframes).
Observation 15	When the 14 HARQ processes feature is configured, it does not mean that 14 HARQ processes are always in use but rather that up to 14 HARQ processes can be used. Recall that in legacy the number of HARQ processes to be used changes dynamically via DCI. Moreover, even though this feature is meant to be used in good radio conditions, at a given point in time the number of HARQ processes required to transmit the DL data can change, and also the radio channel can suddenly change (e.g., because of shadowing).
Observation 16	Proposal 6 provides flexibility and backward compatibility along with requiring a minor increase (2-bits only) on the legacy DCI size.

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, down-select whether the HARQ-ACK delay set is based on Opt-1 or Opt-2:
	Opt-1:
o	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.
	Opt-2:
o	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.
o	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.
Proposal 2	The HARQ-ACK delay set is based on range1 preserving all the legacy delays i.e., HARQ-ACK delay = {4, 5, 7, 9, 11, 13, 15, 17, i, j/k}, along with the delay values in the tail-end (i.e., {i, j/k}) selected as follows:
	“j/k” is continued using the legacy 2-step size e.g., j = 19/k=21, this would make possible handling ⁓ 35%/⁓42% presence of evenly distributed non-BL/CE DL subframes.
	“i” is arbitrarily chosen as i = 6, this would make possible in ideal scenarios bundling the farthest HARQ processes (i.e., #10, #11, #12, #13, #0, … #5) to the closest “PUCCH#0 and PUCCH#1” and closest HARQ processes (#6, #7, #8, #9) to “PUCCH#2”.
That is:
o	PUCCH#0 would be able to bundle HARQ processes {#12 or #10, #0, #2, #4}.
o	PUCCH#1 would be able to bundle HARQ processes {#13 or #11, #1, #3, #5}.
o	PUCCH#2 would be able to bundle HARQ processes {#6, #7, #8, #9}
Proposal 3	Conclusion: How to implement/describe the states, e.g., table, resulting from the joint encoding solution of Alt-2-e is left up to the Editor, based on the agreements for the PDSCH scheduling delay, HARQ-ACK delay, the WA confirmed for Alt-2e, and the outcome about the HARQ-ACK delay size(s) and delay values composing such a set(s).
Proposal 4	In Rel-17, for the 14 HARQ processes feature the “Repetition number” field is:
0-bits when the "HARQ-ACK bundling flag" is set to 1 (i.e., 2-bits from this field become available e.g., for joint-encoding purposes).
Proposal 5	In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is: 0-bits when the "HARQ-ACK bundling flag" is set to 1 (i.e., 3-bits from this field become available e.g., for joint-encoding purposes).
Proposal 6	In Rel-17, for the 14 HARQ processes feature the DCI size is increased by 2-bits which together with the legacy “Repetition number” and “HARQ-ACK” fields set to 0-bits are used as follows:
If ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 1,
· 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).
· 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 if ce-14harqProcess is configured & “HARQ-ACK bundling flag” is set to 0,
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
· FFS: If the 2-bits (newly added) are utilized to keep usable with no bundling the PDSCH scheduling delay expressions associated to the delay of 2, 7-type-1, and 7-type-2, or if those bits will be reserved.
Else (i.e., ce-14harqProcess is not configured)
· 2-bits Repetition number field
· 3-bits HARQ-ACK delay field
End
Proposal 7	In Rel-17, for the 14 HARQ processes feature the “HARQ process number” field uses 4-bits.
	The mapping associated to the 4-bits of this field is updated to include the newly added HARQ processes (i.e., 11th, 12th, 13th, and 14th HARQ processes).
Proposal 8	In Rel-17 for the 14 HARQ processes feature, the User Specific Search Space (USS) is used.
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