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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]



This feature lead summary (FLS) collects companies’ views as described in [2-6], classifies technical areas according with the contents in the contributions, and provides potential agreements.
Annex 1 contains the agreements reached in RAN1 #102-e [7], RAN1 #103-e [8], RAN1 #104-e [9], RAN1 #104-bis-e [10], RAN1 #105-e [11], RAN1 #106bis-e [12], and RAN1 #107-e [13].
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	FLS on 14 HARQ processes in DL in LTE-MTC
2.1	Usability of the “Repetition number” field
Background: After the most recent GTW session, one issue remained open for which the following preliminary conclusion was drafted:
	Conclusion
· Regardless the 14 HARQ processes feature is configured, if HARQ-ACK bundling flag is set to 1, the UE shall assume the “Repetition number” equal to 1 as existing specification.
· Note: there is no impact on 36.212



During same GTW’s session, the legacy wording in TS 36.213 clause 7.1.11 was cited as to be followed for the issue under discussion:
· “For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and configured with higher layer parameter ce-HARQ-AckBundling, and 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, the UE shall assume [image: ].”

Accounting for the above, and aiming at making the wording of the conclusion clearer the following Potential Conclusion is suggested:
Potential Conclusion:
In Rel-17 for the 14 HARQ processes feature, the usage of the “Repetition Number” field follows the legacy behavior where if the “HARQ-ACK bundling flag” field is set to 1 the UE shall assume that the PDSCH repetitions equal 1.
· Note 1: There is no impact on TS 36.212.
· Note 2: TS 36.213 to capture that the above legacy behavior also applies for the 14 HARQ processes feature.
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Annex 1
A1.1 List of agreements from RAN1 #102-e:
Agreement 
Introduce a new RRC configuration parameter to enable 14 HARQ processes. 
Agreement
For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE DL subframes and 7 [FFS subframes type(s)] is supported at least in the PUCCH non-repetition case:
· FFS details of signaling.
· FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.
· FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.

Working Assumption
Introduce a new optional UE capability to support 14 HARQ processes
A1.2 List of agreements from RAN1 #103-e:
Agreement
The following working assumption is confirmed
Introduce a new optional UE capability to support 14 HARQ processes
Agreement
The design of the 14 HARQ processes feature accounts for the presence of non-BL/CE UL and DL subframes in the PUCCH non-repetition case.
· FFS: PDSCH scheduling delays
· FFS: HARQ-ACK delays
· FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays

For future meetings:
Companies to further study on the impact of measurement gaps on the 14 HARQ processes feature.
Agreement
For the support of 14 HARQ processes, the solution to assign PDSCH scheduling delays should be able to minimize unnecessary waste of subframes derived from the presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· The following solutions will be further investigated:
· The indication of subframe types for the PDSCH scheduling delay of 7 are:
· 1 BL/CE DL subframe + 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 2 BL/CE DL subframes.
· Configurable delays including other values than 2 and 7.
· Other solutions are not precluded.

Agreement
For the support of 14 HARQ processes, the solution to assign HARQ-ACK delays should aim to maximize the number of HARQ processes that can be scheduled in presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· Different percentages of presence of non-BL/CE subframes can be analyzed as to represent typical scenarios and determine which HARQ-ACK delays should be included.
A1.3 List of agreements from RAN1 #104-e:
Agreement
The PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1):
· 2 BL/CE DL subframes.
· The PDSCH scheduling delay of 7 is expressed as: 
· 1 BL/CE DL subframe + 1 subframe + [3 subframes] + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + [3 subframes] + 1 subframe + 2 BL/CE DL subframes.

Agreement
For the 14 HARQ processes feature, when PUCCH is used with 1 repetition and there is presence of non-BL/CE UL subframes (i.e., invalid UL subframes):
· The term surrounded by brackets in Solution 1 is resolved as 3 BL/CE UL subframes.
A1.4 List of agreements from RAN1 #104-bis-e:
Agreement
In Rel-17, for the 14 HARQ processes feature, PUCCH repetition is not supported with HARQ-ACK bundling.

Conclusion
In Rel-17, the 14 HARQ processes feature is not supported when the multi-TB grant feature is enabled.
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Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be down-selected in RAN1#105-e from:
· 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).
· FFS: The expression consisting of different subframe types.
· FFS: Signaling Details.
· Alt-2: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
· FFS: The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes to be handled.
· FFS: HARQ-ACK delay values and length of the HARQ-ACK delay set.
· FFS: Signaling Details.
The following aspects will be considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution:
1. Total number of bits required in DCI
1. Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps
1. Robustness against loss of DCIs
1. Flexibility 
1. RRC signaling overhead
A1.5 List of agreements from RAN1 #105-e:
Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be supported with multiple solutions: Alt-1 for full flexibility and Alt-2e for support of legacy delay
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).
· Without using more than 6 bits
· FFS: How to minimize the overhead by using joint encoding
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 HARQ-ACK delay values and the length of the HARQ-ACK delay set will be based on
· Alt-2e: “3 bits (same as legacy)”
· FFS: Whether HARQ delay set is to use range1 or range2
RRC signaling will be used to configure between Alt-1 and Alt-2e
FFS: Signaling details
FFS: Joint encoding

Working Assumption
The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field:
· The field uses no more than 7 bits if Alt-1 is configured. 
· The field is 5 bits if Alt-2e is configured.
· FFS: Details of the joint encoding.
· FFS: Legacy DCI fields that might be re-purposed for the jointly encoded solution of Alt-1 and Alt-2e respectively.
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}.

Conclusion:
In Rel-17, for the 14 HARQ processes feature:
When the HARQ-ACK delay is configured to use Alt-1 “PUCCH using Repetition = 1 is postponed”, whereas when the HARQ-ACK delay is configured to use Alt-2e “PUCCH using Repetition = 1 is not postponed (legacy behavior)”.

Agreement
In Rel-17, the 14 HARQ processes feature is applicable for HD-FDD Cat M1 UEs in CE Mode A only.

For discussion in future meetings:
Whether 14 HARQ processes feature can be enabled for PDSCH repetition case
A1.6 List of agreements from RAN1 #106-e:
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.
A1.7 List of agreements from RAN1 #106bis-e:
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.


Conclusion: 
How to implement/describe the states, e.g., table, resulting from the joint encoding solution of Alt-2e is left up to the Editor, based on the agreements for the PDSCH scheduling delay, HARQ-ACK delay and the WA confirmed for Alt-2e.

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.
· 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).

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-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.
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