
Page 1

3GPP TSG RAN WG1 #104b-e	R1-2103068
e-Meeting, April 12th – 20th, 2021
	
[bookmark: Source]Agenda item:	8.9.2
Source: 	Qualcomm Incorporated
Title: 	Support of 14 HARQ processes and scheduling delay
[bookmark: DocumentFor]Document for:	Discussion and Decision

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 previous meeting the following agreements were reached:

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.
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

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.



2 Support of PUCCH repetition, measurement gaps and PUCCH postponement
In RAN1#104, it was decided that the PDSCH scheduling delay would be implicitly determined based on a sequence of absolute and valid/invalid subframes. While reducing the DCI size, this decision has the consequence that every single case should be accounted for in the implicit determination. In particular, in previous meetings it was discussed whether to support optimizations for handling measurement gaps and PUCCH repetitions.
In our view, these optimizations are not needed, for the following reasons:
1) This feature is designed to operate in good SNR conditions, where all the channels use a single repetition. There may be some limited cases where PUCCH may be the limiting channel (e.g. low power class), but we think they do not justify optimizing for this case.
2) For handling measurement gaps, in general the RAN1 specification is transparent to them – we should follow this approach and do not further optimize to account for them.
Proposal 1: Do not specify any optimization for supporting 14 HARQ processes with PUCCH repetitions or measurement gaps.

In line with the above proposal, we can reuse the postponing behavior for PUCCH since Rel-13.
Proposal 2: The PUCCH postponement behavior in presence of non-BL/CE UL subrrames is the same as in Rel-13, i.e., R>1 is postponed, R=1 is not postponed




3 Set of HARQ-ACK delays
The current set of HARQ-ACK delays is as follows:

	'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



 A typical “burst” of control + data is as follows:


Figure 1 “Data” burst. The maximum scheduling delay is 13

Based on the Figure, we conclude that ‘range2’ cannot be used for this feature, since we need delays of 13. We see that, in a “sunny day scenario” as depicted, ‘range1’ provides peak data rate, but there are some large delays (e.g. 17) that would only be needed in the presence of a large number of non-BL/CE subframes. One possibility would be to remove these large values and include some more granularity for increased eNB flexibility.

Proposal 3: For the range of HARQ-ACK delays, RAN1 to downselect among the following:
· Option 1: Use “range 1”.
· Option 2: Use a new range of scheduling delays.

4 Indication of PDSCH delay
In previous meetings, RAN1 agreed to support scheduling delays of 2 and 7. Although it is possible to indicate these delays implicitly (e.g. based on HARQ process ID), for simplicity we propose to indicate this delay explicitly in DCI. Note that UEs operating in 14 HARQ process are supposed to be in good SNR conditions, and therefore one additional bit in DCI should not be an issue.

Proposal 4: When the UE is configured with 14 HARQ processes, DL DCI has one additional bit which indicates a PDSCH scheduling delay among {2,7}.

5 Other changes
In this section we describe other second-order changes needed to enable higher throughput with 14 HARQ processes. This section is based on the TPs in [3].
· 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. If a new bit is introduced in DCI for indicating PDSCH scheduling delay, it is only present in DCI 6-1A mapped to USS.
· 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 5: 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. If a new bit is introduced in DCI for indicating PDSCH scheduling delay, it is only present in DCI 6-1A mapped to USS.
· 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.

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

Proposal 1: Do not specify any optimization for supporting 14 HARQ processes with PUCCH repetitions or measurement gaps.

Proposal 2: The PUCCH postponement behavior in presence of non-BL/CE UL subrrames is the same as in Rel-13, i.e., R>1 is postponed, R=1 is not postponed

Proposal 3: For the range of HARQ-ACK delays, RAN1 to downselect among the following:
· Option 1: Use “range 1”.
· Option 2: Use a new range of scheduling delays.

Proposal 4: When the UE is configured with 14 HARQ processes, DL DCI has one additional bit which indicates a PDSCH scheduling delay among {2,7}.

Proposal 5: 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. If a new bit is introduced in DCI for indicating PDSCH scheduling delay, it is only present in DCI 6-1A mapped to USS.
· 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.
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