
Page 1

3GPP TSG RAN WG1 #102-e						R1-2006193
e-Meeting, August 17th – 28th, 2020
	
[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. Our input in this contribution is mainly in line with [3].

2 Problem statement and new timeline
Since the introduction of Cat-M1 in Release 13, there has been a continued evolution to increase the downlink peak data rate of BL UEs, especially for the widely deployed HD-FDD UEs, while keeping the UE complexity low (maximum TBS of 1000 bits). Current Cat-M1 peak data rate in HD-FDD is achieved by a combination of usage of 10 HARQ processes and HARQ-ACK bundling as shown in Figure 1:


Figure 1 Peak throughput for HD-FDD
Assuming a TBS of 1000 bits is transmitted in each of the PDSCH, the peak data rate achieved by this scheduling is . With the introduction of 14 HARQ processes and scheduling delay, the new peak data rate will be   (20% increase) by allowing data scheduling in subframes 0 and 1, and without increasing the UE complexity. In Figure 2 we show a high-level depiction of how to achieve this data rate increase – mainly by allowing an MPDCCH in subframes 10-11 schedule PDSCH in subframes 17-18. In order to do this, the following mechanisms need to be introduced, as indicated in the WID:
· Increased number of HARQ processes.
· PDSCH scheduling delay
· (Potentially) new values for HARQ-ACK delay


Figure 2 Proposed new peak throughput for HD-FDD

3 Increased peak data rate
In Figure 3 we show a complete iteration of the timeline with the proposal. We make the following observations regarding features needed to enable increased peak data rate:
· The MPDCCH in subframes 10-11 needs to schedule the PDSCH in subframes 17-18. Due to this, we need to introduce a “PDSCH scheduling delay” with a value of 7.

· In subframes 27-28, the eNB cannot re-schedule HARQ processes 10-11, since it hasn’t received yet the HARQ-ACK corresponding to the PDSCH in subframes 17-18. Due to this, we need to increase the number of HARQ processes to 14. Note that this does not require an increase on the DCI size, since the 10 HARQ processes feature already introduces a 4-bit HARQ ID field.

· The maximum bundle size for HARQ-ACK is still 4, (12 TBS multiplexed in 3 PUCCH).


Figure 3 Diagram of timeline example with 14 HARQ processes
To enable this scheduling, we make the following two proposals:

Proposal 1: Introduce support of 14 DL HARQ processes for HD-FDD eMTC UEs in CE mode A as follows:
· Introduce a new optional UE capability to indicate support of 14 HARQ processes.
· Introduce a new RRC configuration parameter to enable 14 HARQ processes.

Proposal 2: When 14 HARQ processes are enabled, support scheduling of PDSCH with a delay of 7 subframes (i.e., MPDCCH in subframe N schedules PDSCH in subframe N+7).
· FFS details of signaling.
· FFS other delay values

In the following we present two different approaches to indicate the scheduling delay for PDSCH: the first approach makes use of unused HARQ process IDs to indicate the scheduling delay (with reduced flexibility), while the second one relies on an additional DCI bit to indicate a scheduling delay for PDSCH.
Implementation option 1: No additional bits in DCI
To minimize the necessary changes to enable the above features, a first implementation option is as follows:
· For HARQ processes 0-9, the operation is the same as legacy, i.e., when the DCI indicates a HARQ process ID smaller than 10, no change to PDSCH scheduling delay or HARQ-ACK delay is made.
· When the DCI indicates a HARQ process with an ID greater than or equal to 10, the ‘HARQ ID’ field and ‘HARQ-ACK delay’ field indicate the PDSCH scheduling delay. We exploit the fact that the HARQ-ID field in DCI can indicate maximum 16 HARQ IDs but we only need to use 14 of them to achieve peak data rate as per the proposal above.
· HARQ processes 10-13 have reduced flexibility in terms of HARQ-ACK delay (6 possibilities for HARQ-ACK delay instead of 8). For the cases where retransmissions may be needed for the new HARQ ID, we allow a fallback to legacy default scheduling (N+2) and can still use 6 different scheduling delays.

In Table 1 we show a possible implementation of these methods. The UE, in summary, performs the following operations:
 If HARQ_ID < 10
		Follow legacy procedures to determine HARQ_ID, HARQ-ACK delay. PDSCH delay = 2
Else
	Obtain HARQ_ID and PDSCH delay from ‘HARQ-ACK delay’ field in DCI as per Table 1.
	Obtain HARQ-ACK delay from ‘HARQ-ID’ field in DCI as per Table 2.
	
Table 1 Reinterpretation of ‘HARQ-ACK delay’ field in DCI
	'HARQ-ACK delay' field in DCI
	Used HARQ ID
	Scheduling delay for PDSCH

	000
	10
	2

	001
	10
	7

	010
	11
	2

	011
	11
	7

	100
	12
	2

	101
	12
	7

	110
	13
	2

	111
	13
	7




Table 2 Reinterpretation of ‘HARQ-ID’ field in DCI
	'HARQ-ID’ field in DCI
	HARQ-ACK delay

	10
	4

	11
	5

	12
	7

	13
	9

	14
	11

	15
	13



With these values, a timeline like the one in Figure 4 can be constructed, achieving the desired peak data rate. Note that HARQ processes 0-9 cannot be scheduled with a PDSCH scheduling delay, but HARQ processes 12-13 are scheduled with a delay of 7 (e.g. PDSCH in subframe 0 would be scheduled by MPDCCH in subframe -7).

Figure 4 Example of timeline with proposed scheme. 

Implementation option 2: One additional bit in DCI
With this second option, the changes are simpler with the cost of 1 additional bit in DCI:
· When 14 HARQ processes are configured, there is an additional bit in DCI that indicates a PDSCH scheduling delay of 2 (legacy) or 7 (new).

· The set of HARQ-ACK delays could be modified when 14 HARQ processes are used as added in the last column of Table 3. Note that this change is not strictly necessary, since the eNB can use “range1” with an alternative pattern (as shown in Figure 5) to achieve the same peak throughput. However, introducing a new pattern gives additional flexibility to the eNB, since with bundling operation the eNB is not going to use delay values of 17 (even 15 is useless and could be removed)

Table 3 Different ranges for HARQ-ACK delay
	'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
	HARQ-ACK delay value when ce-pdsch-fourteenProcesses’ is set

	000
	4
	4
	4

	001
	5
	5
	5

	010
	7
	6
	6

	011
	9
	7
	7

	100
	11
	8
	9

	101
	13
	9
	11

	110
	15
	10
	13

	111
	17
	11
	15






Figure 5 Example of timeline without changes to HARQ-ACK delay (using ‘range1’ in Table 3)

Proposal 3: For the indication of PDSCH scheduling delay, downselect among the following options:
· Option 1: Do not introduce a new DCI field, the PDSCH scheduling delay is implicitly determined based on the reinterpretation of some existing field(s) (e.g. HARQ process ID, HARQ-ACK delay).
· Option 2: Introduce a new DCI field explicitly indicating the PDSCH scheduling delay 

Proposal 4: For UEs configured with 14 HARQ processes, RAN1 to discuss whether to introduce a new set of HARQ-ACK delays, or whether the sets in Table 7.3.1-2 in TS 36.213 are sufficient.

All the proposals above are designed assuming a single repetition for all channels (PDSCH/MPDCCH/PUCCH). Rel-14 HARQ-ACK bundling, though, is also supported for the case of PUCCH repetition. RAN1 should decide whether the design is optimized for the case of PUCCH repetition or not. The necessary adaptations to support PUCCH repetition are:
1) Different values for scheduling delay.
2) Different values for HARQ-ACK delay
Proposal 5: RAN1 to discuss whether to optimize the design of 14 HARQ processes + scheduling delay for the case of PUCCH repetitions.
4 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 6: 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.

5 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 would like to note that, although this is the first meeting for the work item in Rel-17, this topic was previously discussed under Rel-16 TEI [3]. We made the following proposals:

Proposal 1: Introduce support of 14 DL HARQ processes for HD-FDD eMTC UEs in CE mode A as follows:
· Introduce a new optional UE capability to indicate support of 14 HARQ processes.
· Introduce a new RRC configuration parameter to enable 14 HARQ processes.

Proposal 2: When 14 HARQ processes are enabled, support scheduling of PDSCH with a delay of 7 subframes (i.e., MPDCCH in subframe N schedules PDSCH in subframe N+7).
· FFS details of signaling.
· FFS other delay values
Proposal 3: For the indication of PDSCH scheduling delay, downselect among the following options:
· Option 1: Do not introduce a new DCI field, the PDSCH scheduling delay is implicitly determined based on the reinterpretation of some existing field(s) (e.g. HARQ process ID, HARQ-ACK delay).
· Option 2: Introduce a new DCI field explicitly indicating the PDSCH scheduling delay 

Proposal 4: For UEs configured with 14 HARQ processes, RAN1 to discuss whether to introduce a new set of HARQ-ACK delays, or whether the sets in Table 7.3.1-2 in TS 36.213 are sufficient.

Proposal 5: RAN1 to discuss whether to optimize the design of 14 HARQ processes + scheduling delay for the case of PUCCH repetitions.

Proposal 6: 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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