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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 #102e, the following agreements were made [2].
	Agreement
[bookmark: _Hlk49860708]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.

	Agreement 
Introduce a new RRC configuration parameter to enable 14 HARQ processes. 
Working Assumption
Introduce a new optional UE capability to support 14 HARQ processes



In this contribution we provide our view on the technical aspects that have been left for further study (FFS) in RAN1 #102e [2]. In addition, we touch upon other fundamental aspects not discussed yet (e.g., HARQ ACK delays) which are needed to support the 14 HARQ process in DL. Following the notation in the agreements, the term “non-BL/CE subframes” encompasses both “non-BL/CE DL subframes” and “non-BL/CE UL subframes”.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
[bookmark: _Hlk49935786]2.1	14 HARQ processes – Ideal Scenario (All subframes are valid and there are no PUCCH repetitions)
[bookmark: _Hlk49936942]The WID’s objective for LTE-MTC targets HD-FDD Cat-M1 UEs, where a new peak data rate around 706 Kbps is intended to be achieved through the combined usage of 14 HARQ processes and HARQ-ACK bundling as depicted in Table 1.
[bookmark: _Hlk31206894]Table 1: Combined usage of 14 HARQ processes and HARQ-ACK bundling for a Cat-M1 HD-FDD UE.
	Subframe #
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	12
	13

	PDSCH    7
	12
	13
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	11
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH     ACK/NACK (Bundling)
	
	
	
	
	
	
	
13
	
	
	
	
	
	
	0
(12, 13, 0, 1)
	1
(2, 3, 4, 5)
	2
(6, 7, 8, 9)
	
	
	
	
	
	
	
	
	
	
	
	
	



The time progression of Table 1 continues below:
	Subframe #
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45

	MPDCCH
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	PDSCH          
	
	
	
	7
	
	12
	13
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH     ACK/NACK
(Bundling)
	
	0
(10, 11, 0, 1)
	1
(2, 3, 4, 5)
	2
(6, 7, 8, 9)
	
	
	
	
	
	
	
	
	
	
	
	
	



Note: The blue and green arrows illustrate examples of the “Scheduling delay for PDSCH” (encompassing 7 subframes) and “HARQ-ACK delay” (encompassing 13 subframes) respectively.
From Table 1 it can be seen that the introduction of 14 HARQ processes in DL would require adding new values for both the “Scheduling delay for PDSCH” and “HARQ-ACK delay”.
· Scheduling delay for PDSCH: When no PUCCH repetitions nor invalid subframes are used along with the 14 HARQ processes, the required PDSCH scheduling delays are the legacy value of 2 BL/CE DL subframes plus a new value that encompasses 7 subframes, whether the subframes for the new delay of 7 are BL/CE DL subframes, BL/CE subframes, absolute subframes or other type of subframes has been left for further study “[FFS subframes type(s)]”. 

[bookmark: _Hlk49940722]In our view the legacy PDSCH scheduling delay equal to 2 is different than the new delay value of 7 because the latter not only encompasses subframes used to transmit in DL, but encompasses also subframes used to transmit in UL and to perform a DL-to-UL switching and vice-versa. Nonetheless, as long as a subframe bitmap (either an UL, DL or both bitmaps) won’t be configured along with the 14 HARQ processes feature then the subframe type for the new delay of 7 could also be expressed in terms of BL/CE DL subframes. On the other hand, if subframe bitmaps were configured along with the 14 HARQ processes, then there will be an impact on the achievable peak data rate if the delay of 7 is expressed in terms of BL/CE DL subframes (see section 2.2.1).

[bookmark: _Toc54268316]If no subframe bitmaps are to be configured along with the 14 HARQ processes, then the new delay of 7 could as in legacy be expressed in terms of BL/CE DL subframes.
[bookmark: _Toc54268317]If the delay of 7 is expressed in terms of BL/CE DL subframes and subframe bitmaps were to be configured along with the 14 HARQ processes, then there will be an unnecessary non-negligible impact on the achievable peak data rate.
 
· HARQ-ACK delay: As mentioned earlier, the HARQ-ACK bundling will be part of the framework towards the support of 14 HARQ processes in DL for HD-FDD Cat-M1 UEs. When the HARQ-ACK bundling is used, up to 4 TBs can be bundled per PUCCH meaning that the 14 HARQ processes in DL can be supported by using 3 PUCCH transmissions. (Recall that only 12 out of 14 HARQ processes contribute to the increased peak rate.) In [3], the 8 selected values for the HARQ-ACK delay set have been proposed to be 4, 5, 6, 7, 9, 11, 13 and 15, where the last two values in the proposed set would be new. 

In RAN1 #102e, the HARQ-ACK delays were not discussed yet. In our view, the ultimate selection of the HARQ-ACK delay set should account for the resulting set’s average HARQ-ACK delay, flexibility and the impact of non-ideal scenarios.

[bookmark: _Toc54268318]The HARQ-ACK delay set should be selected accounting for the resulting set’s average delay, flexibility and the impact of non-ideal scenarios.
2.2	14 HARQ processes – In presence of invalid subframes (i.e., non-BL/CE subframes) and PUCCH repetitions
2.2.1	Examples showing the presence of invalid DL subframes (non-BL/CE DL subframes)
In realistic network deployments the presence of invalid DL subframes (i.e., non-BL/CE DL subframes) or invalid UL subframes (i.e., non-BL/CE UL subframes) is not uncommon. In this section we illustrate how the presence of as few as two invalid DL subframes impacts the delays and more importantly the peak data rate, an example providing the presence of five invalid DL subframes is also illustrated.
In the ideal 14 HARQ processes scenario where all subframes are valid, the achievable peak data rate is 706 Kbps, if the 14 HARQ processes feature were not designed to deal with the presence of non-BL/CE subframes then the presence of as few as two non-BL/CE DL subframes would bring down the peak data rate from 706 Kbps to 571.5 Kbps as illustrated in Table 4 (See the comparison between 1) and 2)).
Table 4: Comparison 14 HARQ processes using HARQ-ACK bundling: 1) Ideal scenario, and 2) In presence of two non-BL/CE DL subframes.
1)
	1) 14 HARQ proceses in an ideal Scenario
	

	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	
	
	
	
	0
	1
	2
	3
	4

	PDSCH
	12
	13
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	10
	11
	0
	1
	2

	ACK/NACK (Bundling)
0: (12, 13, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)

	
	
	
	
	
	
	
	
	
	
	
	
	
	0




	1




	2




	
	
	
	
	
	



2)

	2) 14 HARQ processes in presence of as few as 2 non-BL/CE DL subframes

fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1
	

	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1

	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	
	
	7
	8
	9
	10
	11
	
	
	
	
	
	
	
	0

	PDSCH
	12
	13
	0
	1
	2
	3
	4
	
	
	5
	6
	7
	8
	9
	
	
	
	
	
	
	
	10

	ACK/NACK (Bundling)
0: (12, 13, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0



	1



	2



	
	
	
	



The time progression of 2) continues below:
	2) 14 HARQ processes in presence of as few as 2 non-BL/CE DL subframes

fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1
	

	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1

	subframe No
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43

	MPDCCH
	1
	2
	3
	4
	5
	
	
	6
	7
	8
	9
	12
	13
	
	
	
	
	
	
	
	0
	1

	PDSCH
	11
	0
	1
	2
	3
	
	
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	
	
	12
	13

	ACK/NACK (Bundling)
0: (10, 11, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0




	1




	2




	
	
	
	
	



[bookmark: _Hlk49939656]If the 14 HARQ processes feature handles a scenario having as few as 2 non-BL/CE DL subframes in the same way as it handles an ideal scenario, then as illustrated above there will be an unnecessary delay on the HARQ processes pattern that will impact the achievable peak data rate which will go down to 571 Kbps. 
Moreover, the larger the presence of non-BL/CE subframes the lower will be the achievable peak data rate, Table 5 illustrates the presence of five non-BL CE/DL subframes which will cause a further decrease in throughput from 706 Kbps to 375 Kbps.
Table 5: 14 HARQ processes using HARQ-ACK bundling in presence of five non-BL/CE DL subframes.

	2) 14 HARQ processes in presence of as few as 2 non-BL/CE DL subframes

fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 0 0 0 0 0 1
	

	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1

	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	MPDCCH
	0
	1
	2
	3
	
	
	
	
	
	4
	5
	6
	7
	8
	
	
	
	
	
	9
	10
	11

	PDSCH
	12
	13
	0
	1
	
	
	
	
	
	2
	3
	4
	5
	6
	
	
	
	
	
	7
	8
	9

	ACK/NACK (Bundling)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



The time progression of Table 5 continues below:
	2) 14 HARQ processes in presence of as few as 2 non-BL/CE DL subframes

fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 0 0 0 0 0 1
	

	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	subframe No
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43

	MPDCCH
	
	
	
	
	
	
	
	
	
	
	0
	1
	
	
	
	
	
	2
	3
	4
	5
	6

	PDSCH
	
	
	
	
	
	
	
	
	
	
	10
	11
	
	
	
	
	
	0
	1
	2
	3
	4

	ACK/NACK (Bundling)
0: (12, 13, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)
	
	0
	1
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc54268319]If the 14 HARQ processes feature handles non-BL/CE DL subframes in the same way as it handles an ideal scenario, then the peak data rate will decrease from 706 Kbps to 571.5 Kbps and 375 Kbps when there is a presence of two and five non-BL/CE DL subframes respectively.
The drop in peak data rate will be more severe for the 14 HARQ processes because it requires longer delay(s) than legacy, the difference is that the new processes are subject to cross-scheduling (i.e., MPDCCH schedules a PDSCH that occurs after the PUCCHs). If an ideal 14 HARQ processes scheme were standardized, there will be unnecessary delays (i.e., wasted subframes) when the invalid subframes will happen to be nearby the cross-scheduled processes.
Table 6: Drop in the peak data rate when an ideal 14 HARQ processes scheme using HARQ-ACK bundling is in presence of non-BL/CE DL subframes
	Scenario
	Peak Data Rate
	Percentage of Peak Data Rate Loss

	14 HARQ processes when all subframes are valid
	
706 Kbps
	
-

	14 HARQ processes in presence of as few as 2 non-BL/CE DL subframes
	
571.5 Kbps
	
19.06%  ↓

	14 HARQ processes in presence of 5 non-BL/CE DL subframes
	
375 Kbps
	
46.88%  ↓



[bookmark: _Toc54268320]The decrease in peak data rate will be even larger if on top of the non-BL/CE DL subframes there were also presence of non-BL/CE UL subframes.
[bookmark: _Toc54268321]If the 14 HARQ processes feature were not designed to deal with the presence of non-BL/CE subframes, then the larger the presence of non-BL/CE subframes the lower will be the achievable peak data rate.
Moreover, the relevance of the non-BL/CE subframes has become even more important now that they are used for NR coexistence (in the form of Rel-13 invalid subframes or Rel-16 reserved subframes).
[bookmark: _Toc54268322]The relevance of non-BL/CE subframes has become even more important now that they are used for NR coexistence.

[bookmark: _Toc51843184][bookmark: _Toc54016080]The 14 HARQ processes feature supports the case when there is presence of non-BL/CE subframes at least in the PUCCH non-repetition case.
· [bookmark: _Toc51843185][bookmark: _Toc54016081]FFS: Details of signalling 
· [bookmark: _Toc51843186][bookmark: _Toc54016082]FFS: PDSCH scheduling delays
· [bookmark: _Toc51843187][bookmark: _Toc54016083]FFS: HARQ-ACK delays
2.2.2	Presence of PUCCH repetitions
For HD-FDD Cat-M1 UEs, the peak data rate can be achieved through the combined usage of 10 HARQ processes and the HARQ-ACK bundling. The support of 14 HARQ processes will rely on the same framework.
The HARQ-ACK bundling supports the PUCCH repetition case, and it needs to be decided whether the combined usage of 14 HARQ processes and the HARQ-ACK bundling will add support for the PUCCH repetition case or not. When this topic was brough up in RAN1 #102e, 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.
As in the case of the non-BL/CE subframes, the presence of PUCCH repetitions will also cause addition delays, therefore what is needed to support this case can be designed together with the support of the presence of non-BL/CE subframes.
[bookmark: _Toc54268323]Even if the 14 HARQ processes feature were to be used only in good radio conditions, in certain scenarios (e.g., a temporary shadowing condition) having the possibility of using repetitions would be beneficial for the feature.
[bookmark: _Toc51843188][bookmark: _Toc54016084]If the 14 HARQ processes feature supports the PUCCH repetition case, the same framework that supports the presence of non-BL/CE subframes should be used.
2.2.3	Other topics
2.2.3.1 Presence of Measurement gaps
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 feature needs to be studied.
[bookmark: _Toc51843189][bookmark: _Toc54016085]FFS: Impact of measurement gaps on the 14 HARQ processes feature.
2.2.3.1 Support of the Multi-TB grant
In [4], 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 [4] seems to pursue an improvement on the Multi-TB grant, but it also needs to be studied the potential benefits for the 14 HARQ processes feature versus the added complexity.
[bookmark: _Toc51843190][bookmark: _Toc54016086]FFS: Impact and potential benefits of supporting Multi-TB grant for the 14 processes feature.
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	If no subframe bitmaps are to be configured along with the 14 HARQ processes, then the new delay of 7 could as in legacy be expressed in terms of BL/CE DL subframes.
Observation 2	If the delay of 7 is expressed in terms of BL/CE DL subframes and subframe bitmaps were to be configured along with the 14 HARQ processes, then there will be an unnecessary non-negligible impact on the achievable peak data rate.
Observation 3	The HARQ-ACK delay set should be selected accounting for the resulting set’s average delay, flexibility and the impact of non-ideal scenarios.
Observation 4	If the 14 HARQ processes feature handles non-BL/CE DL subframes in the same way as it handles an ideal scenario, then the peak data rate will decrease from 706 Kbps to 571.5 Kbps and 375 Kbps when there is a presence of two and five non-BL/CE DL subframes respectively.
Observation 5	The decrease in peak data rate will be even larger if on top of the non-BL/CE DL subframes there were also presence of non-BL/CE UL subframes.
Observation 6	If the 14 HARQ processes feature were not designed to deal with the presence of non-BL/CE subframes, then the larger the presence of non-BL/CE subframes the lower will be the achievable peak data rate.
Observation 7	The relevance of non-BL/CE subframes has become even more important now that they are used for NR coexistence.
Observation 8	Even if the 14 HARQ processes feature were to be used only in good radio conditions, in certain scenarios (e.g., a temporary shadowing condition) having the possibility of using repetitions would be beneficial for the feature.

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

Proposal 1	The 14 HARQ processes feature supports the case when there is presence of non-BL/CE subframes at least in the PUCCH non-repetition case.
	FFS: Details of signalling
	FFS: PDSCH scheduling delays
	FFS: HARQ-ACK delays
Proposal 2	If the 14 HARQ processes feature supports the PUCCH repetition case, the same framework that supports the presence of non-BL/CE subframes should be used.
Proposal 3	FFS: Impact of measurement gaps on the 14 HARQ processes feature.
Proposal 4	FFS: Impact and potential benefits of supporting Multi-TB grant for the 14 processes feature.
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