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1. 	Introduction
[bookmark: _Hlk525462591]Within the Rel-17 WI for additional enhancements for NB-IoT and LTE MTC [1], there is one objective to specify the changes necessary to support 14-HARQ processes in the DL for LTE MTC.

· [bookmark: _Hlk30097793]Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1] 

The agreements made at previous meetings relating to this objective are listed in Appendix A.

In this contribution, we discuss the support of 14_HARQ processes in the DL for HD-FDD Cat M1 UEs and provide our views on the:

· Definition of the HARQ-ACK delay
· Signaling of the HARQ-ACK delay
· Clarification on PUCCH with R=1:  Postponement or No Postponement

2. 	Discussion
2.1        Definition of the HARQ-ACK delay

At the last RAN1 meeting, RAN1#104-bis-e, the following agreement was made. 

Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be down-selected in RAN1#105-e from:
· Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
· FFS: The expression consisting of different subframe types.
· FFS: Signaling Details.
· Alt-2: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
· FFS: The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes to be handled.
· FFS: HARQ-ACK delay values and length of the HARQ-ACK delay set.
· FFS: Signaling Details.
The following aspects will be considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution:
1. Total number of bits required in DCI
1. Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps
1. Robustness against loss of DCIs
1. Flexibility 
1. RRC signaling overhead

Of the 2 alternatives described above, we prefer Alt-1 for the following reasons:

1. [bookmark: _Hlk71489386]Alt-1 can handle all percentages and patterns of non-BL/CE subframes and still yield the highest peak data rate possible.
· The efficiency of Alt-2 is highly sensitive to the invalid SF pattern and the delays defined.

2. Alt-1 can handle all percentages and patterns of non-BL/CE subframes with the same range of delays.
· Alt-2 will need sets of delays optimized for different invalid SF bitmaps that will most likely require additional RRC signaling to setup.

3. Alt-1 may require 1 or 2 additional bits compared to Alt-2, but it offers the advantages above and increased flexibility in terms of PUCCH allocation (see observation 2).
· In the previous FL discussions [2], only 3-4 bits was estimated as being required to support Alt. 2, however we feel the number of bits required will be higher, e.g. 5-6 bits, due to subframe level periodicity disparity between the worst case 40 subframe long invalid SF pattern and the 34 subframe long perfect 14-HARQ process cycle time.  This disparity will cause the optimal set of HARQ-ACK delays will vary from the 1st, to the 2nd, to the 3rd and so on, sets of 14-HARQ processes until the same relative starting point between the 14-HARQ process cycle and the 40 subframe long invalid SF is attained.



Observation 1:    	Due to subframe level periodicity disparity between the worst case 40 subframe long invalid SF pattern and the 34 subframe long perfect 14-HARQ process cycle time, the optimal set of HARQ-ACK delays for Alt-2 could be as high as 5 or 6 bits.

Proposal 1:           In Rel-17, for the 14 HARQ process feature, the HARQ-ACK delay solution is determined through an expression consisting of different subframe types.


An FFS item for Alt.1 from the last meeting, is:

· FFS: The expression consisting of different subframe types.
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Figure 1:  PDSCH to PUCCH delay in ideal scenario


When there are no invalid subframes, Figure 1, shows the simplest set of PDSCHPUCCH delays required to achieve the optimal peak data rate from 14-HARQ processes using the conventional number of absolute subframes definition with no special differentiation made for different types of subframe.  Below are some observations about this set of “ideal” delays:
Observation 2:    	With no invalid subframes, to achieve the maximum peak data rate from using the 14-HARQ process feature, the smallest set of conventionally defined HARQ-ACK delays required is {13,11,9,7,6,5,4}.

Observation 3:    	With no invalid subframes, using the smallest set of conventionally defined HARQ-ACK delays, {13,11,9,7,6,5,4}, imposes restrictions on which ACK/NACK bundle is used for which HARQ process.
· For example, the last 4 processes are constrained to use the 3rd ACK/NACK bundle

Figure 1, shows how the set of conventionally defined HARQ-ACK delays, {13,11,9,7,6,5,4}, can be broken down into a sequence of 3 different types of subframe, each with their own finite range of delays:

· BL/CE DL subframes           {0, 1, 2, …, 11}            4 bits would be required to signal this explicitly
· any type of subframe            {1}		     0 bits would be required to signal this
· BL/CE UL subframe            {1,2,3}                           2 bits would be required to signal this explicitly

From the analysis above, an expression for Alt-1 (see RAN1#104-bis-e agreement) can be derived that requires the signaling to the UE of 2 separate delays, the number of BL/CE DL subframes and the number of BL/CE UL subframe.            



Proposal 2:             The HARQ-ACK PUCCH assigned to a  given HARQ process, is determined by the UE using the expression below given 2 delay parameters, y and z, signaled by the gNB to the network via the DCI, 
                  (y) BL/CE DL subframe + 1 subframe (any type) + (z) BL/CE UL subframes.
   Where:
·       y = {0,1,2,…,11} 
·       z = {1,2,3}   

Note that the expression defined by proposal 2, requires 6 bits of DCI signaling if explicit signaling of the “y” and “z” is specified.  However, this expression gives the gNB significantly more flexibility than Alt-2 in terms of PUCCH allocation (see observation 2).  If the DCI size is a concern for Alt-1, then the combination of measures defined below, can reduce the number of bits to 5.

1. Restricting what PUCCH can be allocated for a given HARQ process (see observation 2)
a. E.g.  when y=11, z can only be 1  and/or  when y=0, z can only be 3
2. Joint encoding of y and z 

Observation 4:          By restricting what PUCCH can be allocated for a given HARQ process, the number of DCI bits needed to signal for Alt-1, can be reduced.


2.2 Signaling of the HARQ-ACK delay

In this section we provide our view of:
· The DCI fields that could be repurposed for the 14-HARQ process transmission scheme
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 supporting the 14-HARQ process scheme are listed below:

· 1 bit    HARQ-ACK bundling flag
· To achieve the maximum data rates with 14-HARQ, this must be used and therefore can be fixed and repurposed.
· 3 bits   HARQ-ACK delay
· As per our proposal 2, potentially only 2 bits are required.
· 4 bits   HARQ process number
· Given up to 14 processes, a minimum of 4 bits is required without any joint encoding.

Given that to obtain the maximum data rates from the 14-HARQ Process scheme, that HARQ-ACK bundling must be enabled, the 1 DCI bit reserved for the HARQ-ACK bundling flag can be repurposed, hence proposal 2 below.

Proposal 3:            The 14-HARQ process scheme is always configured with HARQ-ACK bundling.

Unlike the 10-HARQ process scheme and per the RAN1#104-e agreement, there are now 3 possible values for the MPDCCH to PDSCH delay, 

· 2 BL/CE DL subframes.
· The PDSCH scheduling delay of 7 is expressed as: 
· SEQUENCE 1:   1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
· SEQUENCE 2:   1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.


Proposal 4:       The 14-HARQ process PDSCH scheduling DCI, can indicate 1 of 3 values for the MPDCCH-to-PDSCH delay.
		FFS:  If this is explicitly indicated using 2 bits or jointly encoded.


If proposal 2 is agreed, then up to 6 bits would be required to support the expression of the PDSCH-to-PDCCH delay.

Proposal 5:       If a subframe type based expression (Alt-1) is used to express the  14-HARQ process PDSCH-to-PUCCH delay, then the scheduling DCI can indicate 1 of 12 values for the delay in terms of BL/CE DL subframes and 1 of 3 values for the additional delay in terms of the BL/CE UL subframes.
                          FFS:  If this is explicitly indicated using 6 bits or jointly encoded.

The table below, provides some estimate for the DCI bit size changes for the 14 HARQ process scheme based on the discussions thus far.

	
	Reference 10-HARQ-process 
	Option 1
	Option 2
	Option 3
	Option 4

	
	
	Explicit DCI signaling using separate fields and no optimization
	Explicit DCI signaling using separate fields and optimizations
	Option 1, jointly encoded
	Option 2, jointly encoded

	HARQ-ACK bundling flag
	1
	1
	0   HARQ Bundling fixed
	2 states
	0

	MPDCCH to PDSCH delay field
	0
	2
	2
	3 states
	3 states

	PDSCH to PUCCH delay field
	3
	6
	5
Some restrictions defined
	36 states
	32 states (further restrictions can lower this)

	HARQ process ID
	4
	4
	4
	14 states
	14 states

	Total
	8
	13
	11
	13
	11


Table 1:   Estimate of the number of DCI bits needed for different options

From the table above it can be seen that the size increase relative to the 10 HARQ process could be as much as 5 bits without further study, hence we have the following proposal:

Proposal 6:  	RAN1 further study the 14-HARQ process scheme signaling requirements. 
Further optimisations to reduce the DCI size. 
· Are there are redundant combinations of MPDCCH-to-PDSCH delay and PDSCH-to-PUCCH delay?  
· Can the MPDCCH to PDSCH delay be implicitly determined?

 
2.3 Clarification on PUCCH with R=1:  Postponement or No Postponement

At the last meeting there was some discussion but no consensus regarding whether PUCCH (repetition =1) should in the event of colliding with a non-BL/CE UL subframe, be either:

· Transmitted (as per the 10-HARQ process scheme)
· Postponed

Given the reasons below, we believe that PUCCH should be postponed.

· RAN1 have previously agreed postponement as part of the definition of the new MPDCCH-to-PDSCH delay of 7
· Collisions of this nature can be handling by eNB scheduling


Proposal 7:     In Rel-17, for the 14 HARQ processes feature, in the event of a collision between PUCCH (Repetition=1) and a non-BL/CE UL subframe, the PUCCH is postponed.



3. 	Conclusion
In this contribution, we have discussed the support of 14_HARQ processes in the DL for HD-FDD Cat M1 UEs, and from those discussions we have the following observations and proposals:
Observation 1:    	Due to subframe level periodicity disparity between the worst case 40 subframe long invalid SF pattern and the 34 subframe long perfect 14-HARQ process cycle time, the optimal set of HARQ-ACK delays for Alt-2 could be as high as 5 or 6 bits.
Observation 2:    	With no invalid subframes, to achieve the maximum peak data rate from using the 14-HARQ process feature, the smallest set of conventionally defined HARQ-ACK delays required is {13,11,9,7,6,5,4}.

Observation 3:    	With no invalid subframes, using the smallest set of conventionally defined HARQ-ACK delays, {13,11,9,7,6,5,4}, imposes restrictions on which ACK/NACK bundle is used for which HARQ process.
· For example, the last 4 processes are constrained to use the 3rd ACK/NACK bundle

Observation 4:     By restricting what PUCCH can be allocated for a given HARQ process, the number of DCI bits needed to signal for Alt-1, can be reduced.


Proposal 1:           In Rel-17, for the 14 HARQ process feature, the HARQ-ACK delay solution is determined through an expression consisting of different subframe types.
Proposal 2:             The HARQ-ACK PUCCH assigned to a  given HARQ process, is determined by the UE using the expression below given 2 delay parameters, y and z, signaled by the gNB to the network via the DCI, 
                  (y) BL/CE DL subframe + 1 subframe (any type) + (z) BL/CE UL subframes.
   Where:
·       y = {0,1,2,…,11} 
·       z = {1,2,3}   

Proposal 3:             The 14-HARQ process scheme is always configured with HARQ-ACK bundling.
Proposal 4:             The 14-HARQ process PDSCH scheduling DCI, can indicate 1 of 3 values for the MPDCCH-to-PDSCH delay.
	   FFS:  If this is explicitly indicated using 2 bits or jointly encoded.


Proposal 5:              If a subframe type based expression (Alt-1) is used to express the  14-HARQ process PDSCH-to-PUCCH delay, then the scheduling DCI can indicate 1 of 12 values for the delay in terms of BL/CE DL subframes and 1 of 3 values for the additional delay in terms of the BL/CE UL subframes.
· FFS:  If this is explicitly indicated using 6 bits or jointly encoded.

Proposal 6:  	RAN1 further study the 14-HARQ process scheme signaling requirements. 
Further optimisations to reduce the DCI size. 
· Are there are redundant combinations of MPDCCH-to-PDSCH delay and PDSCH-to-PUCCH delay?  
· Can the MPDCCH to PDSCH delay be implicitly determined?

Proposal 7:     In Rel-17, for the 14 HARQ processes feature, in the event of a collision between PUCCH (Repetition=1) and a non-BL/CE UL subframe, the PUCCH is postponed.
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5.     Appendix A:   List of previous RAN1 agreements
 RAN1 Meeting #102-e:
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


RAN1 Meeting #103-e:
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

For future meetings:
Companies to further study on the impact of measurement gaps on the 14 HARQ processes feature.

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.


RAN1 Meeting #104-e:
Agreement
The PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1):
· 2 BL/CE DL subframes.
· The PDSCH scheduling delay of 7 is expressed as: 
· 1 BL/CE DL subframe + 1 subframe + [3 subframes] + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + [3 subframes] + 1 subframe + 2 BL/CE DL subframes.

Agreement
For the 14 HARQ processes feature, when PUCCH is used with 1 repetition and there is presence of non-BL/CE UL subframes (i.e., invalid UL subframes):
· The term surrounded by brackets in Solution 1 is resolved as 3 BL/CE UL subframes.


RAN1 Meeting #104-bis-e:
Agreement
In Rel-17, for the 14 HARQ processes feature, PUCCH repetition is not supported with HARQ-ACK bundling.

Conclusion
In Rel-17, the 14 HARQ processes feature is not supported when the multi-TB grant feature is enabled.

Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be down-selected in RAN1#105-e from:
· Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
· FFS: The expression consisting of different subframe types.
· FFS: Signaling Details.
· Alt-2: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
· FFS: The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes to be handled.
· FFS: HARQ-ACK delay values and length of the HARQ-ACK delay set.
· FFS: Signaling Details.

The following aspects will be considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution:

1. Total number of bits required in DCI
1. Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps
1. Robustness against loss of DCIs
1. Flexibility 
1. RRC signaling overhead


