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1. 
Introduction
In Rel-17 WI for additional enhancements for NB-IoT and LTE MTC [1], one objective is to specify the changes necessary to support 14-HARQ processes in the DL for LTE MTC.

·  Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1] 
From the WI discussions at RAN1 Meeting #102-e the following agreements were made:

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

In this contribution, we discuss the support of 14_HARQ processes in the DL for HD-FDD Cat M1 UEs, specifically we provide our views on the following:
· The working assumption from meeting RAN1#102-e
· The operation of this feature with PUCCH repetitions, non-BL/CE subframes and measurement gaps
· The range and definition of the PDSCH scheduling delay values 
· The mechanism to signal the scheduling delays for the PDSCH corresponding ACK-NACK responses.
2. 
Miscellaneous Issues from RAN1#102-e
In the previous meeting, a proposal to introduce a new UE capability to support 14HARQ processes was made into a working assumption due to some companies wanting RAN2 confirmation first.  Given the precedent set by the 10-HARQ process feature, we feel that this working assumption can be converted into an agreement.
Proposal 1:
Convert the WA about optional UE capability to support 14 HARQ process, into an agreement.

In the RAN1#102-e meeting, the main agreement has an FFS item regarding the type of subframe that the new MPDCCH to PDSCH delay of 7 applies to.  In our understanding, apart from the larger size of this delay, it should be applied in the same manner as the existing delay of 2, i.e. accounting for invalid subframes as indicated in [3].  We accept that in some cases, e.g. where there are 3 invalid subframes per every 10 subframes, the performance of this feature is severely compromised.  However, in our view, we consider no special consideration of the subframe type for the new delay of 7, need to be made for the support of 14-HARQ, due to:

· All features being impacted by invalid subframes
· In good conditions with the same number of “invalid” subframes, the 14-HARQ process will achieve a higher peak data rate than the existing 10-HARQ process.
· Irrespective of the number of invalid subframes and/or the original transmission MPDCCH to PDSCH delay (2 or 7), for maximum retransmission efficiency from both the network and UE perspectives (scheduling, power and latency), all HARQ processes (0-13) should have access to the full range of associated delays (MPDCCH to PDSCH and PDSCH to ACK bundle). 
· The network having the ability to configure this feature or not, depending on the conditions and configuration.
Proposal 2:
PDSCH subframes delayed by the new value of 7 relative to the MPDCCH, handle invalid subframes the same way as PDSCH subframes delayed by the value 2 relative to the MPDCCH.
If a subset of HARQ processes (e.g. 0 to 9 associated with MPDCCH to PDSCH delay 2) is tied down to one set of delays, then the network cannot exploit subframes used for another subset of HARQ processes 10-13 for retransmissions for HARQ processes of 0-9 and vice versa.  This will impact the network and UE in terms of scheduling efficiency and latency, thereby reducing the achievable peak data rate and may also impact UEs in terms of their power consumption.

Proposal 3:
The same range of PDSCH to ACK bundle delays are supported for all HARQ processes (0-13) irrespective of the MPDCCH to PDSCH delay (2 or 7).
From the previous meeting, there is an FFS item regarding the need for additional delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.  We believe that the existing rules regarding the treatment of invalid subframes are enough given:

· That in good conditions even with the same number of “invalid” subframes, the 14-HARQ process is expected to outperform the existing 10-HARQ process even with just 2 delays.
· The high specification and additional signaling burden, required to support additional MPDCCH to PDSCH delays 
Proposal 4:
  The only MPDCCH to PDSCH delays defined to support the 14-HARQ feature are, 2 and 7.

Another FFS from the previous meeting regards the support of this feature when PUCCH repetitions are required.  As per the extract below from TS26.213, HARQ-AckBundling is conditional on repetition for MPDCCH and PDSCH is NOT being used.  Whilst this does not prohibit the use of PUCCH repetitions, given the target peak data rate primary aim of both the previous ten HARQ process feature and now this fourteen HARQ feature, there is no way that a HARQ process timeline can be created with PUCCH repetitions that achieved the target peak data rate.  We therefore conclude that this fourteen HARQ process feature is only supported for the no PUCCH repetition case.
TS36.213:
Section  7.1.11

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 N = n1=1.

Proposal 5:
  The fourteen HARQ process feature is only supported for the no PUCCH repetition case.

3. 
Signalling support for Fourteen HARQ Processes
With the current 10-HARQ process, MPDCCH to PDSCH scheduling is fixed to a 2 subframe gap, but the HARQ process number and corresponding HARQ-ACK delay can be configured dynamically from the DCI using the fields and table described below: 


- 
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 ce-pdsch-tenProcesses-config is configured by higher layers and the DCI

is mapped onto the UE-specific search space given by the C-RNTI as defined in [TS36.213]). This field is not   present when the format 6-1A CRC is scrambled with G-RNTI.

· HARQ-ACK delay – 3 bits as defined in 7.3 of [TS36.213, Table 7.3.1-2 – copied below]. This field is only present when the higher layer parameter ceschedulingEnhancement-config or ce-HarqAckBundling-config is configured and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [TS36.213].

	'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 1: HARQ-ACK delay for BL/CE UE in CEModeA

3.1 Summary of previous solutions

From the RAN1#99 paper [2] discussing the support of 14-HARQ processes, 2 options for supporting the additional HARQ processes are described.

OPTION 1:   No DCI size changes

· 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, there are no changes to how scheduling delay or HARQ-ACK delay are determined.

· 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. 

· 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.

A summary of this process, is given below:

 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 2.


Obtain HARQ-ACK delay from ‘HARQ-ID’ field in DCI as per Table 3.

	'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-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 3 Reinterpretation of HARQ-ID field in DCI

With this option, a timeline can be constructed to achieve the desired peak data rate (see figure 2). Note that HARQ processes 0-9 are scheduled with a PDSCH scheduling delay of 2 (as before), whereas HARQ processes 12-13 are scheduled with a new delay of 7 (e.g. PDSCH in subframe 0 would be scheduled by MPDCCH in subframe -7).
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Figure 2 Example of timeline with proposed scheme.
OPTION 2: One additional bit in DCI

When 14 HARQ processes are configured using this option:

· An additional bit added to the DCI to indicate a PDSCH scheduling delay of 2 (legacy) or 7 (new).

· The HARQ-ACK delays are revised to use values in table 4.

	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1' and ce-pdsch-fourteenProcesses’ is not set
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2' or ’ce-HARQ-AckBundling’ is set and ce-pdsch-fourteenProcesses’ is not 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


Table 4:  Modified 36.213 Table 7.3.1-2 for HARQ-ACK delay

3.2 Issues with previous solutions

The 2 options proposed in R1-1912694 work well when 14 HARQ processes are enabled and:

·   ACK/NACK bundling is enabled

·   There is steady continuous stream of transport blocks (TBs) to be transmitted.

·   No retransmissions are required, i.e. the HARQ process IDs follow a certain order.

However, when 8, or fewer TBs need to be sent, for example when:

· At the tail end of a transmission

· The network creates a gap for other higher priority traffic

The optimum number of ACK/NACKs bundles is 2.  However, as shown in figure 3 , there will be scenarios (Option 1, scenario B and Option 2, scenario A or B) with both the previous solutions, where 3 ACK/NACK bundles are required.

Observation 1:   
When between 4 to 8 TBs need to be transmitted and 14-HARQ processes are configured, the UE can be required to transmit 3 ACK bundled responses instead of the optimum 2 when using the previously defined options.

· This is always the case with previous “DCI bit added” option, which has the same restricted set of delays (which excludes the value 8) for all process IDs.

· Note, this issue is less likely with OPTION 1, due to the legacy HARQ-ACK delays being used for process IDs 9 or less. 
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Figure 3:   Impact of restricted set of delays on ACK Bundling efficiency
When all TBs are being used to achieve the peak data rate, but some of the process IDs are out of order, specifically, when the legacy process IDs (9 or less) need retransmissions and in subframes where the new process IDs would appear (see Figure 6), then OPTION 1 fails to support a long enough delay (e.g. 13, see Figure 4) to make use of the next batch of ACK-NACK responses, because the legacy process IDs are limited to the delays listed in the centre column of  Table 3.

Observation 2:  
For the previous “no dci size change” option, retransmissions of legacy process IDs, cannot use certain new subframes for retransmissions, due to the limited range of delays defined .
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Figure 4:   Impact of out of order process ID on ACK Bundling efficiency
3.3 New Signalling Solution – Jointly encoded DCI Fields
In this section, we outline a new signalling option which would resolve the issues summarised by observations 1 and 2.

Option 3: 
Jointly encoded DCI fields

When 14 HARQ processes are configured, new joint encoding of existing DCI fields (see below) is used to support an expanded set of HARQ-ACK delays for all 14 of the HARQ processes.

The existing DCI fields that could be repurposed for this joint encoding are listed below:

· 1 bit    HARQ-ACK bundling flag
· To achieve the higher peak data rate, HARQ-ACK bundling must be enabled.
· 3 bits   HARQ-ACK delay

· 4 bits   HARQ process number

Using these 8 bits together, will allow a far wider range HARQ-process-ID, PDSCH-offset and HARQ-ACK delay permutations to be supported as illustrated by Table 5 below.  With this wider range of HARQ-ACK delays, we can now include a HARQ-ACK delay value of “8”, which resolves the issues summarized by Observations 1 and 2.

	Joint Encoded Index
	HARQ Process ID
	PDSCH Offset
	HARQ-ACK DELAY

	0
	0
	2
	4

	1
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	13
	7
	4
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	7
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	8
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	9
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	11
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	15

	252
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	Reserved
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	Reserved
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	Reserved


Table 5:   New Joint Encoded HARQ-ID, PDSCH Delay and HARQ-ACK offset
Proposal 6:
RAN1 support the use of joint encoded DCI fields for the 14-HARQ process support, to expand the range of delay and offset options.


FFS:  Details of joint encoding.

3. 
Conclusion

In this contribution, we have discussed the support of 14_HARQ processes in the DL for HD-FDD Cat M1 UEs.  From those discussions, we have the following observations and proposals.
Proposal 1:
   Convert the WA about optional UE capability to support 14 HARQ process, into an agreement.
Proposal 2:
PDSCH subframes delayed by the new value of 7 relative to the MPDCCH, handle invalid subframes the same way as PDSCH subframes delayed by the value 2 relative to the MPDCCH.

Proposal 3:
The same range of PDSCH to ACK bundle delays are supported for all HARQ processes (0-13) irrespective of the MPDCCH to PDSCH delay (2 or 7).
Proposal 4:
  The only MPDCCH to PDSCH delays defined to support the 14-HARQ feature are, 2 and 7.
Proposal 5:
  The fourteen HARQ process feature is only supported for the no PUCCH repetition case.
Observation 1:   
When between 4 to 8 TBs need to be transmitted and 14-HARQ processes are configured, the UE can be required to transmit 3 ACK bundled responses instead of the optimum 2 when using the previously defined options.

· This is always the case with previous “DCI bit added” option, which has the same restricted set of delays (which excludes the value 8) for all process IDs.

· Note, this issue is less likely with OPTION 1, due to the legacy HARQ-ACK delays being used for process IDs 9 or less. 

Observation 2:  
For the previous “no dci size change” option, retransmissions of legacy process IDs, cannot use certain new subframes for retransmissions, due to the limited range of delays defined.
Proposal 6:
RAN1 support the use of joint encoded DCI fields for the 14-HARQ process support, to expand the range of delay and offset options.


FFS:  Details of joint encoding.
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