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1 Background
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 . In this contribution, we propose to increase the peak data rate to  (20% increase) by allowing data scheduling in subframes 0 and 1, and without increasing the UE complexity or introducing big changes to the specification. 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 are proposed to be introduced:
· Increased number of HARQ processes.
· PDSCH scheduling delay
· New values for HARQ-ACK delay


Figure 2 Proposed new peak throughput for HD-FDD

In the remaining of this contribution, we present the detailed explanation of the method and the specification impact

2 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 17-18, 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).
· The PDSCH in subframe 0 needs to provide HARQ-ACK in subframe 13, so a new value of HARQ-ACK delay = 13 has to be added.


Figure 3 Diagram of timeline example with 14 HARQ processes

In order to minimize the necessary changes to enable the above features, we propose the following:
· For HARQ processes 0-9, the operation is exactly the same as legacy, i.e., when the DCI indicates a HARQ process ID smaller than 10, no change to 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 indicate the PDSCH scheduling delay. We exploit the fact that the HARQ-ID field in DCI can indicate 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.
	

	'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 1 Reinterpretation of HARQ-ACK delay field in DCI
	'HARQ-ID’ field in DCI
	HARQ-ACK delay

	10
	4

	11
	5

	12
	7

	13
	9

	14
	11

	15
	13


Table 2 Reinterpretation of HARQ-ID field in DCI

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. 

Proposal 1: Introduce support of higher peak data rate (706kbps) for Cat-M1 UEs in HD-FDD by means of the following features:
· Support of 14 HARQ processes
· When the indicated HARQ process is <10, legacy HARQ_ID, HARQ-ACK delay and PDSCH delay applies.
· When the indicated HARQ process is >=10, the UE determines the HARQ_ID, HARQ-ACK delay and PDSCH scheduling delay following Tables 1 and 2.

Proposal 1: Introduce support of higher peak data rate  for Cat-M1 UEs in HD-FDD by means of the following:
· Support of 14 HARQ processes
· Support of additional scheduling delay of 7 for PDSCH 
· [bookmark: _GoBack]TPs to be agreed during RAN1#98, taking as baseline the TPs in R1-1909679.

Note that these changes do not require an increase of the soft buffer size (we keep the same one as Cat-M1).
With respect to the impact to other working groups, the only impact would be to RAN2: introduce new UE capability and configuration.
Proposal 2: Introduce two new RRC parameters for supporting 14 HARQ processes with higher peak data rate:
· UE capability ce-pdsch-fourteenProcesses
· RRC configuration ce-pdsch-fourteenProcesses

In Sections 3 and 4 we provide the text proposals for TS36.212 and TS36.213. Some comments are added for clarity in some of the changes.
Proposal 3: Endorse the TPs in Sections 3 and 4.


3 Text proposal for TS 36.212

[bookmark: _Toc525576908]5.3.3.1.12	Format 6-1A
<Unchanged parts are omitted>
-	HARQ process number – 3 bits (for cases with FDD primary cell), 4 bits (for cases with TDD primary cell, or for cases with FDD primary cell when either ce-pdsch-tenProcesses-config or ce-pdsch-fourteenProcesses is are configured by higher layers and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]). This field is not present when the format 6-1A CRC is scrambled with G-RNTI.
<Unchanged parts are omitted>
-	HARQ-ACK bundling flag – 1 bit, where value 0 indicates HARQ-ACK bundling is not enabled and value 1 indicates HARQ-ACK bundling is enabled as defined in subclause 7.3 of [3]. This field is only present when the higher layer parameter ce-HarqAckBundling-config is configured or ce-pdsch-fourteenProcesses is configured and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3].
-	HARQ-ACK delay – 3 bits as defined in 7.3 of [3]. This field is only present when the higher layer parameter ce-schedulingEnhancement-config, or ce-HarqAckBundling-config or ce-pdsch-fourteenProcesses is configured and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3].
<Unchanged parts are omitted>


4 Text proposal for TS 36.213


[bookmark: _Toc415085443]7	Physical downlink shared channel related procedures
<Unchanged parts are omitted>
For FDD, 
-	if the UE supports ce-pdsch-tenProcesses and is configured with CEModeA and higher layer parameter ce-pdsch-tenProcesses-config set to 'On' there shall be a maximum of 10 downlink HARQ processes per serving cell; 
-	if the UE supports ce-pdsch-fourteenProcesses and is configured with CEModeA and higher layer parameter ce-pdsch-fourteenProcesses-config set to 'On' there shall be a maximum of 14 downlink HARQ processes per serving cell; 
-	16 downlink HARQ processes per serving cell configured with higher layer parameter dl-TTI-Length
-	otherwise, there shall be a maximum of 8 downlink HARQ processes per serving cell. 
For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 
-	16 downlink HARQ processes per serving cell configured with higher layer parameter dl-TTI-Length
-	8 downlink HARQ processes per serving cell, otherwise.
<Unchanged parts are omitted>

[bookmark: _Toc415085460]7.1.7.2	Transport block size determination
<Unchanged parts are omitted>
The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH/MPDCCH/SPDCCH, and the TBS, as determined above, shall be delivered to higher layers. For a BL/CE UE configured with ce-pdsch-fourteenProcesses, and a DCI received in the UE-specific search space with a ‘HARQ process number’ field indicating a value greater than or equal to 10, the HARQ process ID is obtained from the ‘HARQ-ACK delay’ field in DCI according to Table 7.1.7.2.x
Table 7.1.7.2-x: HARQ ID and Scheduling delay for PDSCH for BL/CE UE configured with ce-pdsch-fourteenProcesses

	'HARQ-ACK delay' field in DCI
	HARQ process 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




<Unchanged parts are omitted>

7.1.11	PDSCH subframe assignment for BL/CE UE
A BL/CE UE shall upon detection of a MPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the corresponding PDSCH in subframe(s) n+ki with i = 0, 1, …, N-1 according to the MPDCCH, where
-	subframe n is the last subframe in which the MPDCCH is transmitted and is determined from the starting subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE DL subframe(s) where, x=k0<k1<…,kN-1 and the value of [image: ] is determined by the repetition number field in the corresponding DCI, where [image: ]are given in Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n+x is:
- For PDSCH associated to HARQ process ID 0,…,9 the second BL/CE DL subframe after subframe n. 
- For PDSCH associated to HARQ process ID 10,…,13, the k-th BL/CE DL subframe after subframe n, where k is given by column ‘Scheduling delay for PDSCH’ in table 7.1.7.2-x.
For BL/CE UEs, and for a PDSCH transmission starting in subframe n+k0 without a corresponding MPDCCH, the UE shall decode the PDSCH transmission in subframe(s) n+ki with i = 0, 1, …, N-1, where 
-	subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE DL subframe(s), where 0≤k0<k1<…,kN-1 and the value of [image: ] is determined by the repetition number field in the activation DCI, where [image: ]are given in Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively.
If PDSCH carrying SystemInformationBlockType1-BR is transmitted in one narrowband in subframe n+ki, a BL/CE UE shall assume any other PDSCH in the same narrowband in the subframe n+ki is dropped. If PDSCH carrying SI message is transmitted in one narrowband in subframe n+ki, a BL/CE UE shall assume any other PDSCH not carrying SystemInformationBlockType1-BR in the same narrowband in the subframe n+ki is dropped. 
For single antenna port (port 0), transmit diversity and closed-loop spatial multiplexing transmission schemes, if a PDSCH is transmitted in BL/CE DL subframe n+ki and BL/CE DL subframe n+ki is configured as an MBSFN subframe, a BL/CE UE shall assume that the PDSCH in subframe n+ki is dropped. 
For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1A, the UE shall use the higher layer parameter pdsch-maxNumRepetitionCEmodeA-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeA in Table 7.1.11-1. 
For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1B, the UE shall use the higher layer parameter pdsch-maxNumRepetitionCEmodeB-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeB in Table 7.1.11-2. 
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: ].
For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and configured with higher layer parameter ce-pdsch-fourteenProcesses, and 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, the UE shall assume [image: ].
A BL/CE UE in half-duplex FDD operation is not expected to be simultaneously configured with higher layer parameters ce-pdsch-fourteenProcesses and ce-HARQ-AckBundling.


<Unchanged parts are omitted>

[bookmark: _Toc415085479]7.3.1	FDD HARQ-ACK reporting procedure
<Unchanged parts are omitted>

[bookmark: _Hlk494354062]For a BL/CE UE, for PDSCH transmission in subframe n-k, if the UE is in half-duplex FDD operation and is configured with CEModeA and higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, or if the UE is configured with higher layer parameter ce-SchedulingEnhancement, or if the UE is configured with higher layer parameter ce-pdsch-fourteenprocesses and the PDSCH transmission is associated with HARQ processes 0,…,9 and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1
-	if the 'HARQ-ACK delay' field in the corresponding DCI indicates value k, the UE shall determine the subframe n as the HARQ-ACK transmission subframe.
-	the HARQ-ACK delay value k is determined from the corresponding DCI based on the higher layer parameters according to Table 7.3.1-2.
For a BL/CE UE, for PDSCH transmission in subframe n-k, if the UE is in half-duplex FDD operation and is configured with CEModeA and if the UE is configured with higher layer parameter ce-pdsch-fourteenprocesses and the PDSCH transmission is associated with HARQ processes 10,…,13 and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1 
-	if the ‘HARQ process number’ field in the corresponding DCI indicates value k, the UE shall determine the subframe n as the HARQ-ACK transmission subframe.
-	the HARQ-ACK delay value k is determined from the corresponding DCI according to Table 7.3.1-x.

For a BL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter ce-HARQ-AckBundling or ce-pdsch-fourteenProcesses and the 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1.
-	for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing a logical AND operation of HARQ-ACKs across all [image: ] BL/CE DL subframes for which subframe n is the 'HARQ-ACK transmission subframe'. 
-	if subframe n-k1 is the most recent subframe for which subframe n is the 'HARQ-ACK transmission subframe', and if the 'Transport blocks in a bundle' field in the corresponding DCI for PDSCH transmission in subframe n-k1 indicates a value other than [image: ], the UE shall generate a NACK for HARQ-ACK transmission in subframe n. 
-	if the UE has received W PDSCH transmissions before subframe n, and if the UE is expected to transmit HARQ-ACK for the W PDSCH transmissions in subframes [image: ], the UE is not expected to receive a new PDSCH transmission in subframe n, where W=10 if higher layer parameter ce-pdsch-tenProcesses-config is set to 'On', W=12 if higher layer parameter ce-pdsch-fourteenProcesses is configured, and W=8 otherwise.
-	if the UE is expected to transmit HARQ-ACK for the PDSCH transmissions received before subframe n in subframes [image: ], the UE is not expected to receive a new PDSCH transmission in subframe n for which the HARQ-ACK is to be transmitted in subframe [image: ] 

Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in CEModeA
	'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-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



Table 7.3.1-x: HARQ-ACK delay for BL/CE UE in CEModeA configured with ce-pdsch-fourteenProcesses
	‘HARQ process number’ field in DCI
	HARQ-ACK delay value

	10
	4

	11
	5

	12
	7

	13
	9

	14
	11

	15
	13
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