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1 Background
A new work item on additional enhancements for NB-IoT and LTE-MTC was approved in [1]. One of the objectives is to increase the eMTC effective throughput by means of the following technique:
· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]

We would like to point out that this objective was already discussed during Rel-16 TEI [2,3], but was finally postponed to Rel-17. 
In RAN1#106-e the following agreements were reached:
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}.

R1-2108296	Feature Lead Summary [106-e-LTE-Rel17_NB_IoT_eMTC-02] - 2st check point	Moderator (Ericsson)
From GTW session:
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.



2 Support of PDSCH repetition
The WID objective under discussion in this agenda item was motivated by increasing the data rate for the case of PDSCH without repetitions. In some cases, however, it may be necessary to enable PDSCH repetition (e.g. in the case of rapid deterioration of the radio conditions). Thus, the UE could be configured simultaneously with PDSCH repetition and 14 HARQ processes, although the operation of 14 HARQ processes simultaneously with PDSCH repetition may not be optimized. It should also be supported to dynamically switch (by scheduling) between 14 HARQ processes scheduling (with PDSCH scheduling delay and HARQ-ACK bundling), 10 HARQ processes (with HARQ bundling), and Rel-13 (no bundling, support of repetitions):

Proposal 1: Support simultaneous operation of 14 HARQ processes (RRC configured) and PDSCH repetition (RRC configured) without introducing any optimizations on top of Rel-16.
· The fields HARQ-ACK bundling flag, TB in a bundle and DCI subframe repetition number retain their legacy functionality (i.e., Option 3 in the last FLS: 2 bits as in legacy)
For the HARQ-ACK delay field, we think the legacy “HARQ-ACK delay “ field should be 0-bit when 14 HARQ processes are configured (i.e., the HARQ-ACK delay will be indicated in the joint coded new field, and the old field will not be present) – this corresponds to Opt-2 in the last FLS

Proposal 2: In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is:
· Opt-2 (from last FLS): 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).
· 
The options mentioned above are from the proposals in the previous meeting from the Feature Lead:
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).
  



3 Other changes
In this section we describe other second-order changes needed to enable higher throughput with 14 HARQ processes:
· When 14 HARQ processes are enabled, the “HARQ process number” field in DCI format 6-1A is 4 bits.
· The PDSCH scheduling delay applies only to PDSCH scheduled from USS. The new fields in DCI do not apply to CSS.
· 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.
· A UE configured with 14 HARQ processes is also configured with HARQ-ACK bundling.

Proposal 3: Introduce the following specification changes for supporting 14 HARQ processes:
· When 14 HARQ processes are enabled, the “HARQ process number” field in DCI format 6-1A is 4 bits.
· The PDSCH scheduling delay applies only to PDSCH scheduled from USS. The new fields in DCI do not apply to CSS 
· 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.
· A UE configured with 14 HARQ processes is also configured with HARQ-ACK bundling.

4 Comment on RRC parameters

There are two proposed parameters to enable this feature: 

	ce-enable14HARQ
	New
	enable 14-HARQ processes
	Enable/disable the use of 14-HARQ processes for HD-FDD Cat M1 UEs
	Enable

	ce-HARQ-ACK-delay
	New
	configure the HARQ ACK delay between different subframe types and absolute subframes
	configure the HARQ ACK delay between different subframe types and absolute subframes
	Alt-1, Alt-2e



We should clarify that the second parameter (ce-HARQ-ACK-delay) shall be configured iff ce-enable14HARQ is configured (i.e., you cannot enable 14 HARQ processes without signaling HARQ-ACK delay option). It is up to RAN2 how to specify this (one example is to have a single field to enable 14 HARQ and configure HARQ-ACK delay).

Proposal 4: The RRC parameter ce-HARQ-ACK-delay shall be configured iff ce-enable14HARQ is configured.
- Up to RAN2 how to implement this condition.

5 Conclusions
In this contribution we presented our remaining views on the necessary changes to enable increased throughput with 14 HARQ processes and PDSCH scheduling delay. We made the following proposals:

Proposal 1: Support simultaneous operation of 14 HARQ processes (RRC configured) and PDSCH repetition (RRC configured) without introducing any optimizations on top of Rel-16.
· The fields HARQ-ACK bundling flag, TB in a bundle and DCI subframe repetition number retain their legacy functionality (i.e., Option 3 in the last FLS: 2 bits as in legacy)

Proposal 2: In Rel-17, for the 14 HARQ processes feature the “HARQ-ACK delay” field is:
· Opt-2 (from last FLS): 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).

Proposal 3: Introduce the following specification changes for supporting 14 HARQ processes:
· When 14 HARQ processes are enabled, the “HARQ process number” field in DCI format 6-1A is 4 bits.
· The PDSCH scheduling delay applies only to PDSCH scheduled from USS. The new fields in DCI do not apply to CSS 
· 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.
· A UE configured with 14 HARQ processes is also configured with HARQ-ACK bundling.

Proposal 4: The RRC parameter ce-HARQ-ACK-delay shall be configured iff ce-enable14HARQ is configured.
- Up to RAN2 how to implement this condition.
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