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1	Introduction
In the Work Item (WI) on “Additional enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for LTE-MTC:
	· [bookmark: _Hlk31052369][bookmark: _Hlk31108863]Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]



In RAN1 #103e, the following agreements were made [2].
	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.
· [bookmark: _Hlk57748365]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.




In this contribution we provide solutions in line with the most recent agreements for both the PDSCH scheduling delays and HARQ delays. We also provide our views on the topics that were left for further studied such as the impact of measurement gaps and the support of Multi-TB grant.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
[bookmark: _Hlk49935786]2.1	Percentage of presence of non-BL/CE subframes 
During RAN1 #103-e, envisioning the design of the PDSCH scheduling delays and HARQ-ACK delays handling the presence of invalid subframes, there was a preliminary discussion on what could be assumed as a typical percentage of presence of non-BL/CE subframes. 
At that time there were two different views about the percentage of presence of non-BL/CE subframes:
1) To assume a percentage in line with what is observable today in real networks: During RAN1 #103-e it was argued that around a 20% presence of invalid DL subframes is observable in real networks today and therefore such a percentage can be considered as a typical case.

2) To assume a percentage in line with a future proof design: During RAN1 #103-e it was mentioned that if MBSFN is configured in a cell, there can be a 60% presence of invalid DL subframes only for MBSFN subframes and on top of it we need to consider PRS and NR coexistence, hence from that perspective considering up to 60% presence of invalid DL subframes seems to be reasonable (even conservative). 

[bookmark: _Toc61531704][bookmark: _Hlk57278266]On the percentage of presence of non-BL/CE subframes, there are two different views: 
1) [bookmark: _Toc61531705][bookmark: _Hlk57215479]To assume a percentage in line with what is observable today in real networks.
2) [bookmark: _Toc61531706]To assume a percentage in line with a future proof design.
A low percentage of presence of non-BL/CE subframes as in 1) is in principle expected (this depends on the solutions) to result in less the number of bits required for the PDSCH scheduling delays and HARQ-ACK delays sets. Nonetheless, 1) may reflect the typical situation today but not the typical situation in a near future at the point in time when the 14 HARQ processes feature may see the light in real deployments, and even if some of the services brough up in 2) are perceived as non-deployed or uncommon, at least the NR co-existence is expected to grow and therefore at least 40% to 30% presence of non-BL/CE subframes should be considered as a minimum. 
[bookmark: _Toc61531707]20% presence of non-BL/CE subframes may reflect the typical situation today but not the typical situation in a near future when the 14 HARQ processes feature may be deployed in real deployments.
[bookmark: _Toc61531708]Even if some services such as MBSFN, PRS may be perceived as non-deployed or uncommon, at least the NR co-existence is expected to grow and at least 40% to 30% presence of non-BL/CE subframes should be considered as a minimum.
In the view of the expected continuous grow of NR co-existence and its typicality in network deployments by the time the 14 HARQ processes will be commercialized, the following proposal is made.
[bookmark: _Toc61532340]The percentage of presence of non-BL/CE DL subframes is 30%-40% to characterize typical network deployments by the time the 14 HARQ processes feature is released.
· [bookmark: _Toc61532341]Note: The 30%-40% is the minimum to account at least for the continuous grow of NR co-existence. For the non-BL/CE UL a lower percentage can be assumed.
2.2	PDSCH scheduling delays for the PUCCH non-repetition case in presence of non-BL/CE subframes
In RAN1 #102-e, it was agreed that “… 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”. In relation to the FFS surrounded by brackets, during an e-mail discussion held in RAN1 #103-e, the issue with the presence of invalid subframes was illustrated through one example comparing one-on-one a “PDSCH scheduling delay of 7 described in terms of BL/CE DL subframes (ideal design)” vs “PDSCH scheduling delay of 7 described in terms of 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe (design accounting for the presence of invalid subframes)”. For a scenario having only two invalid DL subframes, the comparison showed that a “PDSCH scheduling delay of 7 using BL/CE DL subframes (ideal design)” leads to an unnecessarily waste of two subframes, which translates into an unnecessary extra drop in the peak data rate (571.5 Kbps is achieved). On the other hand, for the same scenario this time describing the “PDSCH scheduling delay of 7 using 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe (design accounting for the presence of invalid subframes)”, the unnecessary waste of subframes was prevented, which avoided the unnecessary extra drop in the peak data rate (in this case a peak data rate of 631.5 Kbps is achieved). During RAN1 #103-e companies requested more time to think on the above described solution and any other solutions that can handle the presence of non-BL/CE DL and non-BL/CE UL subframes.
[bookmark: _Hlk57300252]For the solution that prevents the unnecessary waste of subframes by using different subframe types to define the new PDSCH scheduling delay of length seven, one of the most reiterative comments was that in principle it is not preferred mixing subframe types to define the PDSCH scheduling delay. This solution and another high-level solution described as “Configurable delays including other values than 2 and 7” are under further study, and in section 2.2.1 we describe yet another solution that is able to handle the presence of invalid subframes while keeping the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”.
2.2.1	Correction factor/Offset to adjust the PDSCH Scheduling delay
To keep the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”, one possibility is to control the PDSCH scheduling delay as a function of the presence of invalid subframes by defining a variable acting as a correction factor or offset on the delay of 7. That is, the PDSCH scheduling delay of 7 can be defined as: 7 BL/CE DL subframes – k BL/CE DL subframes, where k refers to one integer value among different integer values in a given set.
[bookmark: _Toc61531709]To keep the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”, one possibility is to adjust the PDSCH scheduling delay as a function of the invalid subframes through a correction factor or offset.
Let us illustrate this solution by using the same scenario utilized during the e-mail discussion in RAN1 #103-e. The bitmap of the scenario discussed in RAN1 #103-e was given by fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1, where “0” refers to an invalid DL subframe (i.e., non-BL/CE DL subframe).
	Non-BL/CE DL subframes are illustrated using “0”.
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If the correction factor k = 2, then the required PDSCH scheduling delay equals “7 BL/CE DL subframes – k BL/CE DL subframes” = 5 BL/CE DL subframes. For illustration purposes, let’s focus on HARQ-Process # 10 in subframe No 12, if we count 5 BL/CE DL subframes (which was the delay resulting from “7 BL/CE DL subframes – k BL/CE DL subframes”, when k =2) then in subframe No 13 the 1st delay out of 5 BL/CE DL subframes applies because the bitmap is set to “1” meaning we are dealing with a BL/CE DL subframe, in subframe No 14 the 2nd delay out of 5 BL/CE DL subframes applies because the bitmap is set to “1”, in subframe No 15 the 3rd delay out of 5 BL/CE DL subframes applies because the bitmap is set to “1”, in subframe No 16 the 4th delay out of 5 BL/CE DL subframes applies because the bitmap is set to “1”, in subframe No 17 the 5th delay out of 5 BL/CE DL subframes DOES NOT apply because the bitmap is set to “0” meaning we are dealing with a non-BL/CE DL subframe, in subframe No 18 the 5th delay out of 5 BL/CE DL subframes DOES NOT apply either because the bitmap is set to “0” meaning we are dealing with a non-BL/CE DL subframe, in subframe No 19 the 5th delay out of 5 BL/CE DL subframes applies because the bitmap is set to “1” meaning we are dealing with a BL/CE DL subframe, which take us to have the PDSCH corresponding to HARQ process #10 scheduled on subframe No 19. This way of counting prevents having to waste subframes unnecessarily and avoids an unnecessary extra drop in the peak data rate. In this scenario a peak data rate of 631.5 Kbps is achieved, which is exactly the same peak data rate achievable with the solution discussed in RAN1#103-e that mixes several subframes types to define the delay of 7.
[bookmark: _Toc61531710]The solution that adjusts the PDSCH Scheduling delay through a correction factor/offset provides the same achievable peak data rate as the solution discussed in RAN1#103-e that mixes several subframes types to define the delay of 7.
[bookmark: _Hlk57313963]The solution that adjusts the PDSCH Scheduling delay to handle the presence of invalid DL subframes through a correction factor/offset can be summarized as follows:
· For the PUCCH non-repetition case in presence of non-BL/CE DL subframes
· The PDSCH scheduling delays are:
· 2 BL/CE DL subframes
· 7 BL/CE DL subframes – k BL/CE DL subframes
· Where, k = depends on the DL bitmap and refers to one integer value among different integer values in a given set. 

Note 1: The length of the set used by the variable k depends on the assumed percentage of presence of non-BL/CE DL subframes, e.g., the set can be made of 3-bits as to have {0, 1, 2, 3, 4, 5, 6, Reserved} or 2-bits as to have {0, 1, 2, 3}.
Note 2: The solution above can also be used in presence of invalid UL subframes (i.e., non-BL/CE UL subframes) if PUCCH is only used with 1 repetition since in that case PUCCH is not postponed in presence of an invalid UL subframe.
In section 2.2.2, we compare one-on-one the solutions discussed in RAN1 #103-e with respect to the solution here described which adjusts the PDSCH Scheduling delay to handle the presence of invalid DL subframes through a correction factor/offset.
[bookmark: _Hlk57631775]2.2.2	Comparison of the PDSCH scheduling delay solutions
The table below compares the solutions discussed in RAN1 #103-e to handle the presence of invalid subframes, as well as the solution using a correction factor/offset described in section 2.2.1.
Table 1: Comparison of the PDSCH scheduling delay solutions
	
	
Solution A
“PDSCH scheduling delay of 7 expressed in terms of different subframe types”
	
Solution B
“Configurable delays including other values than 2 and 7”
	
Solution C
“Correction factor/offset applied on the PDSCH scheduling delay of 7”

	


General description: 
[bookmark: _Hlk57639362]PUCCH non-repetition case in presence of non-BL/CE DL subframes.
	The PDSCH scheduling delays are:
· 2 BL/CE DL subframes.
· The PDSCH scheduling delay of 7 is expressed as:

· 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.

	The PDSCH scheduling delays are for example:
· 2 BL/CE DL subframes.
· 7 BL/CE DL subframes.
· A BL/CE DL subframes.
· B BL/CE DL subframes.
· C BL/CE DL subframes.
.
.
.
· F BL/CE DL subframes.

Where the number and value of the configurable delays depends on the assumed percentage of invalid subframes.
	The PDSCH scheduling delays are:
· 2 BL/CE DL subframes.
· 7 BL/CE DL subframes – k BL/CE DL subframes.

Where, k = depends on the DL bitmap (assumed percentage of invalid subframes) and refers to one integer value among different integer values in a given set. 


	Foreseen implementation
	2-bits in the DCI can be used to signal the PDSCH scheduling delay (for example):

00 → 2 BL/CE DL subframes.
01 → 1 BL/CE DL subframe + 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 1 BL/CE DL subframe.
10 → 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 2 BL/CE DL subframes.
11 → Not used/Reserved.
	X-bits in the DCI can be used to signal the PDSCH scheduling delay (for example):
000 → 2 BL/CE DL subframes.
001 → 7 BL/CE DL subframes.
010 → A BL/CE DL subframes.
011 → B BL/CE DL subframes.
100 → C BL/CE DL subframes.
101 → D BL/CE DL subframes.
110 → E BL/CE DL subframes.
111 → F BL/CE DL subframes.
	Approach 1: Both the PDSCH scheduling delays and k can be dynamically indicated via DCI using separate fields.
The PDSCH scheduling delays are indicated via DCI using 1-bit:
0→2 BL/CE DL subframes.
1→7 BL/CE DL subframes – k BL/CE DL subframes.
k can be indicated via DCI or RRC using 2 or 3 bits. Note: k corresponds to one integer value among the ones in the following set e.g., using 2-bits {0, 1, 2, 3}, using 3-bits {0, 1, 2, 3, 4, 5, Reserved, Reserved}, this depends on the assumed percentage presence of invalid subframes.
Approach 2: Both the PDSCH scheduling delays and two possible values for k are dynamically indicated via DCI using the same field. The two possible values of k can be re-configured via RRC signaling under the basis that a given bitmap configuration doesn’t change dynamically and that 2 (or even 3) values of k are sufficient to handle a given scenario.
The PDSCH scheduling delays are indicated via DCI using 2-bits:
00→ 2 BL/CE DL subframes.
01→ 7 BL/CE DL subframes – k1 BL/CE DL subframes.
10→ 7 BL/CE DL subframes – k2 BL/CE DL subframes.
11→ Reserved

	Main Foreseen Advantage
	This solution can handle any percentage of presence of non-BL/CE DL subframes
	Explicitness
	This solution keeps the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”

	Main Foreseen Drawback
	It has been mentioned that mixing subframe types to define the PDSCH scheduling delay is in principle not preferred, although this solution is still under study/consideration.
	It will handle the presence of non-BL/CE DL subframes only for the assumed percentage of presence of non-BL/CE DL subframes and depending on the number of bits used for it in the DCI. This explicit solution is forseen to require more bits in the DCI.
	It will handle the presence of non-BL/CE DL subframes only for the assumed percentage of presence of non-BL/CE DL subframes as per the set of values used by k. 

	[bookmark: _Hlk57636853]Handling of the no postponent of PUCCH in presence of non-BL/CE UL subframes  when PUCCH repetitions = 1.
	Yes, if the subframe type surrounded by brackets is expressed in terms of absolute subframes (i.e., “... + 3 subframes ...” instead of  “... + 3 BL/CE UL subframes ...”).
	Yes, no change is needed because when the no postponent of PUCCH rule applies, the presence of non-BL/CE DL subframes is what governs the required delay. 
	[bookmark: _Hlk57381663]Yes, no change is needed because when the no postponent of PUCCH rule applies, the presence of non-BL/CE DL subframes is what governs the required delay.



Based on the one-on-one comparison presented in Table 1, Solution A is attractive because it can handle any percentage of presence of invalid subframes using only 2-bits in DCI. On the other hand, Solution B can only handle a well-defined presence of invalid subframes, and its explicitness is foreseen to require several bits in DCI and is not a preferred solution. Finally, although Solution C also works only for a well-defined percentage presence of invalid subframes (which will determine the number of bits required by the correction factor or offset), it is attractive that only 1 or 2 bits in the DCI are foreseen to be required and that this correction factor or offset -based solution keeps the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”. Thus, aiming at finding the solution to assign PDSCH scheduling delays we propose to perform a down-selection between the two alternatives referred as Solution A and Solution C in Table 1.
[bookmark: _Toc61532342]Down-select between the following two alternatives to determine the PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1) in presence of non-BL/CE DL subframes and non-BL/CE UL subframes when PUCCH is not postponed:
[bookmark: _Toc61532343]Alt 1: The PDSCH scheduling delays are:
· [bookmark: _Toc61532344]2 BL/CE DL subframes.
· [bookmark: _Toc61532345]The PDSCH scheduling delay of 7 is expressed as: 
· [bookmark: _Toc61532346]1 BL/CE DL subframe + 1 subframe + 3 subframes + 1 subframe + 1 BL/CE DL subframe.
· [bookmark: _Toc61532347]1 subframe + 3 subframes + 1 subframe + 2 BL/CE DL subframes.
[bookmark: _Toc61532348]Alt 2: The PDSCH scheduling delays are:
· [bookmark: _Toc61532349]2 BL/CE DL subframes.
· [bookmark: _Toc61532350]7 BL/CE DL subframes – k BL/CE DL subframes.
[bookmark: _Toc61532351]where, k = depends on the DL bitmap and refers to one integer value among different integer values in a given set. 
2.2	PDSCH scheduling delays for the PUCCH repetition case in presence of non-BL/CE subframes
[bookmark: _Toc51843188]During RAN1 #103-e the potential support of the PUCCH repetition case was discussed without reaching any conclusion yet. It was mentioned that the 14 HARQ processes feature is expected to be used in good radio conditions, but even if that were the case, in certain scenarios (e.g., a temporary shadowing condition) having the possibility of using repetition would be beneficial for the feature. In our view, the framework of the candidate solutions (i.e., Alt1 and Alt2) to determine the PDSCH scheduling delay in presence of non-BL/CE subframes can be easily updated to support the PUCCH repetition case as described in the following observation:
[bookmark: _Toc61531711]To determine the PDSCH scheduling delay for the PUCCH repetition case in presence of non-BL/CE DL subframes and non-BL/CE UL subframes: 
[bookmark: _Toc57735408][bookmark: _Toc61531712]Alt 1: The PDSCH scheduling delays are:
· [bookmark: _Toc57735409][bookmark: _Toc61531713]2 BL/CE DL subframes.
· [bookmark: _Toc57735410][bookmark: _Toc61531714]The PDSCH scheduling delay of 7 is expressed as:
· [bookmark: _Toc61531715]1 BL/CE DL subframe + 1 subframe + 3 *Rpucch BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
· [bookmark: _Toc61531716]1 subframe + 3 *Rpucch BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
[bookmark: _Toc61531717]where,  
[bookmark: _Toc61531718]The presence of PUCCH repetitions is described through the term “Rpucch”.
[bookmark: _Toc61531719][bookmark: _Toc57735411]Alt 2: The PDSCH scheduling delays are: 
· [bookmark: _Toc61531720]2 BL/CE DL subframes.
· [bookmark: _Toc57735412][bookmark: _Toc61531721]7 BL/CE DL subframes + j BL/CE DL subframes – k BL/CE DL subframes.
[bookmark: _Toc57735413][bookmark: _Toc61531722]where, 
[bookmark: _Toc57735414][bookmark: _Toc61531723]j = ((#PUCCHs)(#PUCCHrepetitions)- #PUCCHs) + i.
[bookmark: _Toc57735415][bookmark: _Toc61531724]i = depends on the UL bitmap and refers to one integer value among different integer values in a given set. 
[bookmark: _Toc57735416][bookmark: _Toc61531725]k = depends on the DL bitmap and refers to one integer value among different integer values in a given set.
[bookmark: _Toc61532352]Incorporate the PUCCH repetition case into the framework of the selected solution used to determine the PDSCH scheduling delay in presence of non-BL/CE subframes
2.3	HARQ-ACK delays for the PUCCH non-repetition and repetition case in presence of non-BL/CE subframes
In RAN1 #103-e, it was agreed that “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”. Moreover, it was also included in the agreement that “•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”.
Assuming that HARQ #n is the farthest HARQ process to a given PUCCH and that the delay counting starts after the last subframe in which the PDSCH is transmitted, then:
· The HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 0 is
11 BL/CE DL subframes + 1 absolute subframe (i.e., for DL/UL switch subframe) + 1 BL/CE UL subframe.

· The HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 1 is
11 BL/CE DL subframes + 1 absolute subframe (i.e., for DL/UL switch subframe) + (1* Rpucch + 1) BL/CE UL subframes.

· The HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 2 is
11 BL/CE DL subframes + 1 absolute subframe (i.e., for DL/UL switch subframe) + (2* Rpucch + 1) BL/CE UL subframes.

Furthermore, assuming a fraction x% of invalid BL/CE DL subframes, a fraction y% of invalid BL/CE UL subframes, and PUCCH repetitions, then: 
· The average HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 0 is
ceil(11/ (1-x%) BL/CE DL subframes + 1 absolute subframe (i.e., for DL/UL switch subframe) + 1 / (1- y%) BL/CE UL subframes.

· The HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 1 is
ceil(11/ (1-x%)  BL/CE DL subframes + 1 absolute subframe (i.e., DL/UL switch subframe) + (1* Rpucch+1) / (1- y%) BL/CE UL subframes

· The average HARQ-ACK delay between HARQ #n and HARQ-ACK bundle 2 is
ceil(11/ (1-x%) BL/CE DL subframes + 1 absolute subframe (i.e., DL/UL switch subframe) + (2* Rpucch+1) / (1-y%) BL/CE UL subframes.

Table 2 illustrates the presence in different percentages of invalid BL/CE DL subframes, invalid BL/CE UL subframes, several cases of PUCCH repetitions and their impact on the HARQ-ACK delay.
Table 2: Presence in different percentages of invalid BL/CE DL subframes, invalid BL/CE UL subframes, PUCCH repetitions and their impact on the HARQ-ACK delay.
	 
	invalid DL subframe
	0
	30%
	40%
	60%
	60%
	0
	30%
	40%
	60%
	60%

	
	invalid UL subframe
	0
	20%
	20%
	0
	60%
	0
	20%
	20%
	0
	60%

	
	PUCCH repetition
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2

	 Average HARQ-ACK delay for HARQ #n
	HARQ-ACK bundle 0
	13
	18
	21
	30
	31
	13
	18
	21
	30
	31

	
	HARQ-ACK bundle 1
	14
	20
	22
	31
	34
	15
	21
	24
	32
	36

	
	HARQ-ACK bundle 2
	15
	20
	23
	32
	36
	17
	23
	26
	34
	41



	 
	invalid DL subframe
	0
	30%
	40%
	60%
	60%
	0
	30%
	40%
	60%
	60%

	
	invalid UL subframe
	0
	20%
	20%
	0
	60%
	0
	20%
	20%
	0
	60%

	
	PUCCH repetition
	4
	4
	4
	4
	4
	8
	8
	8
	8
	8

	 Average HARQ-ACK delay for HARQ #n
	HARQ-ACK bundle 0
	13
	18
	21
	30
	31
	13
	18
	21
	30
	31

	
	HARQ-ACK bundle 1
	17
	23
	26
	34
	41
	21
	28
	31
	38
	51

	
	HARQ-ACK bundle 2
	21
	28
	31
	38
	51
	29
	38
	41
	46
	71



The no presence of invalid subframes nor PUCCH repetitions is used as reference (see left-most column in the upper part of Table 2), where for the 14 HARQ processes the average HARQ-ACK delay from the farthest HARQ process to PUCCH 0, 1 and 2 equals to 13, 14, and 15 respectively.
The “HARQ-ACK delay” field in DCI Format 6-1A could perhaps be increased by 1-bit (i.e., to use 4 bits instead of 3 bits) as to add some other values to the legacy set of HARQ-ACK delay values as a function of the assumed percentage of presence of non-BL/CE DL subframes and whether or not PUCCH repetitions are supported. 
Table 3 illustrates an example on how a 4-bit “HARQ-ACK delay” field in DCI can include the legacy set of HARQ-ACK delay values, delay values equal to 13 and 15 which are the minimum needed for scenarios when there is no presence of invalid subframes nor PUCCH repetitions, and six other delay values to be chosen depending on the assumed percentage of presence of non-BL/CE DL subframes and if PUCCH repetitions are supported or not.
Table 3: “HARQ-ACK delay for BL/CE UE in CE ModeA” including the support of “14 HARQ processes in DL using HARQ-ACK bundling for a Cat M1 HD-FDD UE”.
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when ’ce-pdsch-fourteenProcesses’ is set
	Comment

	0000
	4
	All HARQ-ACK delays in Rel-16 when ’ce-HARQ-AckBundling’ is set are kept.

	0001
	5
	

	0010
	6
	

	0011
	7
	

	0100
	8
	

	0101
	9
	

	0110
	10
	

	0111
	11
	

	1000
	13
	[bookmark: _Hlk57717788]The values 13 and 15 are needed for the most basic use of the 14 HARQ processes when there is no presence of invalid subframes (i.e., non-BL/CE subframes) nor PUCCH repetitions.

	1001
	15
	

	1010
	18
	This set represent examples of delays values that can introduced to cover the presence of invalid DL subframes (⁓30%-⁓40%), invalid UL subframes (⁓20%) and PUCCH repetitions (⁓up to 4). 

	1011
	20
	

	1100
	23
	

	1101
	25
	

	1110
	28
	

	1111
	31
	



[bookmark: _Toc61532353]The “HARQ-ACK delay” field in DCI Format 6-1A is increased by 1-bit (i.e., to use 4 bits) as to include the legacy set of HARQ-ACK delay values, delay values equal to 13 and 15 needed for ideal scenarios, and six other delay values to be chosen depending on the assumed percentage of presence of non-BL/CE DL subframes and if PUCCH repetitions are supported or not.
2.2.3	Other topics left for further study
2.2.3.1 Presence of Measurement gaps
In RAN1 #103-e it was noted: “Companies to further study on the impact of measurement gaps on the 14 HARQ processes feature”. On this matter, when a measurement gap (MG) fully or partially overlaps BL/CE DL subframes or BL/CE UL subframes, there won’t be DL transmissions on the subframes encompassing the measurement gap length (MGL) nor UL transmissions on the same MGL + 1 subframe either. The +1 subframe is because it is assumed that Cat-M1 UEs cannot transmit anything in UL in the subframe after the measurement gap. The impact of measurement gaps on the 14 HARQ processes is illustrated below.
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The time progression of the diagram continues below:
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The diagram above shows that the presence of measurement gaps will cause an impact on both the PDSCH scheduling delays and HARQ-ACK delays. Handling the presence of measurement gaps will require for example adding yet another variable associated to MGL into the PDSCH scheduling delay solution and more values in the HARQ-ACK delay set. At this point since we need to balance the support of use-cases versus specification impacts (e.g., number of bits required in DCI) is better to keep open the handling of measurement gaps until we know the PDSCH scheduling delays and HARQ-ACK delays solutions and whether PUCCH repetitions will be supported or not.
[bookmark: _Toc57735417][bookmark: _Toc61531726]The presence of measurement gaps impacts both the PDSCH scheduling delays and HARQ-ACK delays.  
[bookmark: _Toc51843189][bookmark: _Toc61532354]The support for handling the presence of measurement gaps is kept open until the PDSCH scheduling delays and HARQ-ACK delays solutions are selected.
· [bookmark: _Toc61532355]The handling of measurement gaps may be supported only if it can use the same framework as the selected solutions with minor updates (e.g., minor DCI impacts).
2.2.3.1 Support of the Multi-TB grant
In [3], it was mentioned “The DL speed of Rel 16 Multi-TB grant case is only 470kbps where Rel 17 single TB grant case with 14 HARQ feature is 705kbps”, “the Multi-TB grant case can also support the 14 HARQ feature and provide the same speed as the single-TB grant case of 705kbps” The motivation in [3] seems to pursue an improvement on the Multi-TB grant feature, however the impacts on 14 HARQ processes design does seem to bring any gain to the 14 HARQ processes feature per-se. Moreover, according with the diagram depicted in [3], which corresponds to an ideal scenario (with no presence of invalid subframes nor PUCCH repetitions) a PDSCH scheduling delay as long as 17 non-BL/CE subframes will be required. On this matter, in [3] it has been mentioned that the TDD case that supports 16 HARQs can be reused for this purpose. In our view, it is desirable to use slight variants of the same PDSCH scheduling delay and HARQ-ACK delay solutions to support other use cases rather than using solutions with different frameworks to assess particular use-cases. 
[bookmark: _Toc57735418][bookmark: _Toc61531727]The support of 14 HARQ processes along with the Multi-TB grant seems to bring gains only to the Multi-TB grant feature by equalling its achievable peak data rate with respect to the one achieved by the 14 HARQ processes feature on its own.
[bookmark: _Toc57735419][bookmark: _Toc61531728]Supporting 14 HARQ processes along with the Multi-TB grant will require the addition of longer delays even for an ideal scenario when there is no presence of invalid subframes nor PUCCH repetitions.
[bookmark: _Toc51843190][bookmark: _Toc61532356]The support of the Multi-TB grant is kept open until the PDSCH scheduling delays and HARQ-ACK delays solutions are selected. 
· [bookmark: _Toc61532357]Multi-TB grant may be supported only if it can use the same framework as the selected solutions with minor updates (e.g., with no or only minor DCI impacts).
4	Conclusion
In the previous sections we made the following observations towards the “Support of additional PDSCH scheduling delay for the introduction of 14-HARQ processes in DL, for HD-FDD Cat-M1 UEs”:

Observation 1	On the percentage of presence of non-BL/CE subframes, there are two different views:
1)	To assume a percentage in line with what is observable today in real networks.
2)	To assume a percentage in line with a future proof design.
Observation 2	20% presence of non-BL/CE subframes may reflect the typical situation today but not the typical situation in a near future when the 14 HARQ processes feature may be deployed in real deployments.
Observation 3	Even if some services such as MBSFN, PRS may be perceived as non-deployed or uncommon, at least the NR co-existence is expected to grow and at least 40% to 30% presence of non-BL/CE subframes should be considered as a minimum.
Observation 4	To keep the PDSCH scheduling delay solely defined in terms of “BL/CE DL subframes”, one possibility is to adjust the PDSCH scheduling delay as a function of the invalid subframes through a correction factor or offset.
Observation 5	The solution that adjusts the PDSCH Scheduling delay through a correction factor/offset provides the same achievable peak data rate as the solution discussed in RAN1#103-e that mixes several subframes types to define the delay of 7.
Observation 6	To determine the PDSCH scheduling delay for the PUCCH repetition case in presence of non-BL/CE DL subframes and non-BL/CE UL subframes:
Alt 1: The PDSCH scheduling delays are:
	2 BL/CE DL subframes.
	The PDSCH scheduling delay of 7 is expressed as:
	1 BL/CE DL subframe + 1 subframe + 3 *Rpucch BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
	1 subframe + 3 *Rpucch BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
where,
The presence of PUCCH repetitions is described through the term “Rpucch”.
Alt 2: The PDSCH scheduling delays are:
	2 BL/CE DL subframes.
	7 BL/CE DL subframes + j BL/CE DL subframes – k BL/CE DL subframes.
where,
j = ((#PUCCHs)(#PUCCHrepetitions)- #PUCCHs) + i.
i = depends on the UL bitmap and refers to one integer value among different integer values in a given set.
k = depends on the DL bitmap and refers to one integer value among different integer values in a given set.
Observation 7	The presence of measurement gaps impacts both the PDSCH scheduling delays and HARQ-ACK delays.
Observation 8	The support of 14 HARQ processes along with the Multi-TB grant seems to bring gains only to the Multi-TB grant feature by equalling its achievable peak data rate with respect to the one achieved by the 14 HARQ processes feature on its own.
Observation 9	Supporting 14 HARQ processes along with the Multi-TB grant will require the addition of longer delays even for an ideal scenario when there is no presence of invalid subframes nor PUCCH repetitions.

Based on the discussion in the previous sections we propose the following:

Proposal 1	The percentage of presence of non-BL/CE DL subframes is 30%-40% to characterize typical network deployments by the time the 14 HARQ processes feature is released.
	Note: The 30%-40% is the minimum to account at least for the continuous grow of NR co-existence. For the non-BL/CE UL a lower percentage can be assumed.
Proposal 2	Down-select between the following two alternatives to determine the PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1) in presence of non-BL/CE DL subframes and non-BL/CE UL subframes when PUCCH is not postponed:
Alt 1: The PDSCH scheduling delays are:
	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.
Alt 2: The PDSCH scheduling delays are:
	2 BL/CE DL subframes.
	7 BL/CE DL subframes – k BL/CE DL subframes.
where, k = depends on the DL bitmap and refers to one integer value among different integer values in a given set.
Proposal 3	Incorporate the PUCCH repetition case into the framework of the selected solution used to determine the PDSCH scheduling delay in presence of non-BL/CE subframes
Proposal 4	The “HARQ-ACK delay” field in DCI Format 6-1A is increased by 1-bit (i.e., to use 4 bits) as to include the legacy set of HARQ-ACK delay values, delay values equal to 13 and 15 needed for ideal scenarios, and six other delay values to be chosen depending on the assumed percentage of presence of non-BL/CE DL subframes and if PUCCH repetitions are supported or not.
Proposal 5	The support for handling the presence of measurement gaps is kept open until the PDSCH scheduling delays and HARQ-ACK delays solutions are selected.
	The handling of measurement gaps may be supported only if it can use the same framework as the selected solutions with minor updates (e.g., minor DCI impacts).
Proposal 6	The support of the Multi-TB grant is kept open until the PDSCH scheduling delays and HARQ-ACK delays solutions are selected.
	Multi-TB grant may be supported only if it can use the same framework as the selected solutions with minor updates (e.g., with no or only minor DCI impacts).
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