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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]



This feature lead summary (FLS) collects companies’ views as described in [2-7], classifies technical areas according with the contents in the contributions, and provides potential agreements. 
For reference, Annex 1 contains the agreements reached in RAN1 #102e.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	FLS on 14 HARQ processes in DL in LTE-MTC
2.1	Indication of the support of 14 HARQ processes
Background: There is a common view in [4], and [7] that the working assumption to “Introduce a new optional UE capability to support 14 HARQ processes” should be confirmed.
The related proposals are shown below:
	Company
	View

	Nokia, Nokia Shanghai Bell [4]
	Proposal 1:	Convert the WA about optional UE capability to support 14 HARQ process, into an agreement.

	Qualcomm Incorporated [7]
	Proposal 1: Confirm the following working assumption:
•	Introduce a new optional UE capability to support 14 HARQ processes.



Potential Agreement 1:
Introduce a new optional UE capability to support 14 HARQ processes
	Company
	Agree?
	Comments

	QC
	Yes
	

	Nokia, NSB
	Yes
	

	Lenovo,MotoM
	Yes
	

	ZTE
	Yes
	

	Ericsson
	Yes
	None

	Huawei, HiSilicon
	Yes
	

	SONY
	yes
	



2.2	Presence of non-BL/CE subframes in the PUCCH non-repetition case
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk54706585]Background: In RAN1 #102, it was agreed that “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,” letting as “FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case”. Thus, it needs to be resolved whether the design of the 14 HARQ processes feature will account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.
The related proposals are shown below [3-8]:
	Company
	View

	[bookmark: _Hlk54706834]Huawei, HiSilicon [3]
	Proposal 2: Other delay value to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case is not considered.

	Nokia, Nokia Shanghai Bell [4]
	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.

	ZTE [5]
	Proposal 1: Two subframes types should be supported when the value of PDSCH scheduling delay is 7.
· subframes type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· subframes type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes
Note: In [5], figure 1 depicts the presence of non-BL/CE subframes to illustrate the use of proposal 1.

	Ericsson, Telefónica, Verizon, SoftBank, AT&T, Telstra
[6]
	[bookmark: _Toc51843184][bookmark: _Toc54016080]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.
· [bookmark: _Toc51843185][bookmark: _Toc54016081]FFS: Details of signalling 
· [bookmark: _Toc51843186][bookmark: _Toc54016082]FFS: PDSCH scheduling delays
· [bookmark: _Toc51843187][bookmark: _Toc54016083]FFS: HARQ-ACK delays


	[bookmark: _Hlk54706987]Qualcomm Incorporated [7]
	Proposal 4: RAN1 strive to support the following cases:
· PUCCH repetitions.
· Non-BL/CE DL subframes
· Non-BL/CE UL subframes
To support these cases, the following techniques can be applied:
· Configurable set of HARQ-ACK delays.
· [bookmark: _Hlk54730488]Configurable/dynamic set of PDSCH delays.

	Sierra Wireless [8]
	Proposal 2: For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE subframes and 7 BL/CE subframes is supported
FFS how to indicate PDSCH scheduling delay to UE




Based on [2-8], the current views are as follows:
Should the design of the 14 HARQ processes feature account for the presence of non-BL/CE subframes in the PUCCH non-repetition case?
· No: Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Sierra Wireless.
· Yes:  ZTE, Ericsson, Telefónica, Verizon, SoftBank, AT&T, Telstra, Qualcomm Incorporated.

In total 8 companies support that the design of the 14 HARQ processes feature should account for the presence of non-BL/CE subframes in the PUCCH non-repetition case, whereas 5 companies strive for an ideal scenario design.
Potential Agreement 2:
The design of the 14 HARQ processes feature accounts for the presence of non-BL/CE subframes in the PUCCH non-repetition case.
· FFS: PDSCH scheduling delays
· Strive to Resolving resolve the [FFS subframes type(s)] for the PDSCH scheduling delay of 7 may be sufficient as to avoid having to add more PDSCH scheduling delay values than the ones already agreed.

· FFS: HARQ-ACK delays
· FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays

	Company
	Agree?
	Comments

	QC
	Yes
	

	Nokia, NSB
	Maybe
	We support the intention of the proposal, however 

1.   Can the final bullet be clarified, as to us, the 2 previous FFS bullets seem to overlap?
2.    Also suggested rewording of the sub-bullet:

Determining if the PDSCH scheduling delay of 7 (in addition the pre-existing value of 2) is suffice given the new mix of subframe types (now including non-BL/CE subframes) that the delay of 7 applies to.

	Lenovo,MotoM
	Yes
	We support the consideration of the non- BL/CE subframes.

	ZTE 
	Yes
	

	Ericsson
	Yes
	To Nokia:
1. The first two bullets in the Potential Agreement 2 refer to the delay values per-se, whereas in the third bullet the FFS refers to how to indicate them (e.g., DCI design), it was just expressed using the wording as in [7].
2. To us the wording in Potential Agreement 2 is clear, because the proposed wording using sentences like “the new mix” is more informal and the entire proposed sentence is more difficult to read (e.g., it cites twice the delay of 7, which is a bit redudant).

	Huawei, HiSilicon
	Need FFS
	We are fine with the intention. However, we would like to update the FFS as below, as it has been agreed in the last meeting with the scheduling delay of 7.
Strive to resolveing the [FFS subframes type(s)] for the PDSCH scheduling delay of 7 may be sufficient as to avoid having to add more PDSCH scheduling delay values than the ones already agreed.

	SONY
	Partially Yes
	The sub-bullet to “FFS: PDSCH scheduling delays” needs updating. How is it intended to “resolve for the PDSCH scheduling delay of 7”? We would like to see a more concrete proposal / wording here.



2.3	PDSCH scheduling delay of 7 [FFS subframes type(s)]
Background: In RAN1 #102, it was agreed to support “… a PDSCH scheduling delay of 2 BL/CE DL subframes and 7”, letting as “[FFS subframes type(s)] for the latter one. Thus, it needs to be resolved what “subframes type(s)” will be suitable for a PDSCH scheduling delay of 7.
The related proposals and/or views extracted from [3-8] are shown below:
	Company
	View

	Huawei, HiSilicon [3]
	Proposal 1: The scheduling delay of the legacy HARQ processes (0-9) is fixed as 2 BL/CE subframes. The scheduling delay of the additional HARQ processes (10-13) is fixed as 7 BL/CE subframes.

	Nokia, Nokia Shanghai Bell [4]
	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.

	ZTE [5]
	Proposal 1: Two subframes types should be supported when the value of PDSCH scheduling delay is 7.
· subframes type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· subframes type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes

	Ericsson, Telefónica, Verizon, SoftBank, AT&T, Telstra
[6]
	 
[bookmark: _Hlk49940722]“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”


	Qualcomm Incorporated [7]
	In [7], both “Implementation option 1” and “Implementation option 2” account for “PDSCH scheduling delay of 2 (legacy) or 7 (new)”

	Sierra Wireless [8]
	Proposal 2: For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE subframes and 7 BL/CE subframes is supported
· FFS how to indicate PDSCH scheduling delay to UE




Basically all companies prefer to stick to two PDSCH scheduling delay values 2 and 7, hence as to avoid having to add more PDSCH scheduling delay values and at same time be able to handle the presence of non-BL/CE subframes, the subframe type for the new delay of 7 can be expressed as in [5]:
· 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.
Potential Agreement 3:
The 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.

	Company
	Agree?
	Comments

	QC
	Need further discussion
	We think in general it is a bad idea to include BL/CE UL subframes in a scheduling for DL. We suggest to further discuss after we agree on the agreement #2.

	Nokia
	Maybe
	Yes, we agree that:
· there are 2 possible ideal sequences/mixes of subframe types for the 2 HARQ processes that will require a PDSCH delay of 7. 
· that this is different to the PDSCH delay of 2
· for specification authors, this sort of agreement is probably useful

Possible rewording: 
 The sequence/mix of subframe types for the PDSCH scheduling delay of 7 are:
Also, for the 2 sequences described, is a note for  “1 subframe” required?  E.g.
“Note:  ”1 subframe” can be any type of subframe”
Note, the more interesting question/proposal/ffs to us, is whether any explicit signalling is required to differentiate the 2 cases where a delay of 7 is used.

	Lenovo, MotoM
	
	For the sequence/mix of subframe types, do we really need to indicate which type adopted in scheudling? We hope to define a rule to count the schedling delay, for example,
The subframe types for the PDSCH scheduling delay of 7 are:
2 subframe for switching subframe and 5 BL/CE DL subframe other than the switching subframe.

	ZTE
	Yes
	

	Ericsson
	Yes, after clarifying whether to keep or not the “BL/CE UL subframes” 
	The proposal in [5] reflected in the Potential Agreement 3 seems to be a good solution as to keep the PDSCH scheduling delays already agreed (i.e., 2 and 7) and being able to deal with the presence on non-BL/CE subframes.
To Qualcomm: About “We think in general it is a bad idea to include BL/CE UL subframes in a scheduling for DL”, I think that is what makes different the delay of 7 compared to the delay of 2, because the delay of 2 encompasses only subframes used to transmit in DL, whereas the delay of 7 encompasses subframes used to transmit in DL, subframes used to transmit in UL and subframes used to perform a DL-to-UL switching and vice-versa.
On this matter, I have one question related to one observation in your paper [7], there it was mentioned that if “only single PUCCH repetition is supported, the invalid subframes will not create a postponement of PUCCH”, in that case perhaps we can express the delay of 7 as follows (I kept the same structure as to visualize it in a comparable manner):
· 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.

But if more than 1 PUCCH repetition is supported, then I believe we will need the terminology as in Potential Agreement 3 to deal with the presence of non-BL/CE UL subframes.
· 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.


	Huawei, HiSilicon
	Need further discussion
	We have similar view with QC that it is preferred to not mention UL BL/CE subframes in downlink transmission.

	SONY
	
	Doesn’t the “subframe type” refer to whether the subframe is BL/CE or non-BL/CE? Other than the BL/CE / non-BL/CE distinction, what the subframe is actually used for (UL, DL, switching) doesn’t seem that relevant to the PDSCH scheduling delay.



2.4	FFS on the support of the PUCCH repetition case
Background: In RAN1 #102-e, it was left as “FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.”
The related proposals and/or views extracted from [3-8] are shown below:
	Company
	View

	Huawei, HiSilicon [3]
	Proposal 3: The 14 HARQ processes feature is not supported in PUCCH repetition case.

	Nokia, Nokia Shanghai Bell [4]
	Proposal 5: The fourteen HARQ process feature is only supported for the no PUCCH repetition case.


	ZTE [5]
	Proposal 5: For 14-HARQ processes, there is no need to consider the case of PUCCH repetition.

	Ericsson, Telefónica, Verizon, SoftBank, AT&T, Telstra
[6]
	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.

	Qualcomm Incorporated [7]
	Proposal 4: RAN1 strive to support the following cases:
· PUCCH repetitions.
· Non-BL/CE DL subframes
· Non-BL/CE UL subframes

	Sierra Wireless [8]
	“In Rel 14, the HARQ ACK bundling feature was designed to NOT be supported when repeats were scheduled.”
Proposal 1:  	The 14 HARQ processes feature is NOT supported when the HARQ ACK bundling is not supported.



In total 6 companies support the PUCCH repetition case for 14 HARQ if it uses “the same framework that supports the presence of non-BL/CE subframes”, 1 company supports the PUCCH repetition case, and 6 companies do not support PUCCH repetition case. More discussion is needed.
	Company
	Ok with PUCCH repetition case?
	Comments

	QC
	Yes
	If the only necessary change is to change the scheduling / HARQ-ACK delays, I think we should be able to support this case with minimal effort.

	Nokia, NSB
	No
	

	Lenovo,MotoM
	No
	There is no need to support the PUCCH repetition case as Rel.14

	ZTE
	No
	

	Ericsson
	[bookmark: _GoBack]Ok if it can be easily incorporated to the solution (i.e., if it doesn‘t require major design considerations).
	Looking at the proposal in Potential Agreement 3, perhaps the PUCCH repetition case can be incorporated in an almost transparent manner as follows:
· 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.

In the terminology above, the term “Rpucch” would refer to the presence of PUCCH repetitions.

	Huawei, HiSilicon
	No
	There is no necessity to support PUCCH repetition case for 14HARQ, which leads significant complexity for 14HARQ scheduling design.

	SONY
	OK if easy
	Our preference is that PUCCH repetition would be supported. However, if this leads to large changes, then maybe we cannot support this. 


2.5	Others
2.5.1 DCI designs
Background: Some companies [4-5] and [7] already provide DCI design to signal the PDSCH scheduling delay and the HARQ-ACK delay.
The related proposals are shown below:
	Company
	View

	Nokia, Nokia Shanghai Bell [4]
	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.

	ZTE [5]
	Proposal 4: The PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field.

	Qualcomm Incorporated [7]
	Proposal 2: For the indication of PDSCH scheduling delay, downselect among the following options:
· Option 1: Do not introduce a new DCI field, the PDSCH scheduling delay is implicitly determined based on the reinterpretation of some existing field(s) (e.g. HARQ process ID, HARQ-ACK delay).
· Option 2: Introduce a new DCI field explicitly indicating the PDSCH scheduling delay 




The DCI design will depend on the resolution of the FFS(s) in section 2.2 and 2.3. Indeed, the potential agreement #2 already contains a sub-bullet on this design aspect: •FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays. Thus, to figure out a proper design as a function of the resolution of the FFS(s) in section 2.2 and 2.3, this topic is most likely to be resolved until after RAN1 #103-e.
	Company
	Resolve first FFS(s) in section 2.2 and 2.3, Ok?
	Comments

	Nokia, NSB
	Maybe
	At present, there are only 4 methods that have been presented, and these methods come with their own range of delays as well as DCI impacts and limitations.  Given this small number of methods, it maybe more efficient just to attempt to downselect between these methods. 

Note, in our contribution we identify use-cases, where the choice of HARQ-ACK delays available has an impact on  the performance, specifically:
1.  The number of ACK-NACK bundles required.
2.  The subframes that can be used for retransmissions
a. Some methods presented thus far, appear to lock certain process Ids to specific delay sets.  
3. The DCI size

	Lenovo,MotoM
	OK
	We prefer QC’s propoal downselection to make smaller specifciaton change.
Proposal 2: For the indication of PDSCH scheduling delay, downselect among the following options:
· Option 1: Do not introduce a new DCI field, the PDSCH scheduling delay is implicitly determined based on the reinterpretation of some existing field(s) (e.g. HARQ process ID, HARQ-ACK delay).
Option 2: Introduce a new DCI field explicitly indicating the PDSCH scheduling delay

	ZTE
	OK
	Before discussing the specific DCI design, we need to make decision on whether to consider the PDSCH repetition case. As we proposed in proposal 3 in [5], 14-HARQ processes feature is not enabled if the repetition is used for PDSCH. This is same as legacy 10-HARQ processes.

	Ericsson
	OK
	In order proceed further, we need to know the resolution for the FFS(s) in previous sections (e.g., 2.2 and 2.3) of the FLS.

	Huawei, HiSilicon
	OK
	We prefer solutions without introducing additional DCI bits as this is for eMTC UEs. But anyway, the detailed DCI design depends on the supported scheduling delay, subframe types and HARQ-ACK delays.

	SONY
	OK
	



2.5.2 Presence of measurement gaps
Background: In [6], it was mentioned “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”.
The related proposal is shown below:
	Company
	View

	Ericsson, Telefónica, Verizon, SoftBank, AT&T, Telstra
[6]
	[bookmark: _Hlk54734034]Proposal 3	FFS: Impact of measurement gaps on the 14 HARQ processes feature.



Potential Agreement 4: 
FFS: Impact of measurement gaps on the 14 HARQ processes feature.
	Company
	Agree?
	Comments

	Nokia, NSB
	Agree
	We support the FFS, to give companies more time to analyse the potential impacts.

	Lenovo, MotoM
	Agree
	We support the discussion

	ZTE
	Agree
	

	Ericsson
	Agree
	None

	SONY
	Agree
	Can be discussed



2.5.3 Multi-TB grant
Background: In [8], 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 Processes feature is 705kbps”. “With a similar protocol change to single-TB grant case, the Multi-TB grant case can also support the 14 HARQ Processes feature and provides the same speed as the single-TB grant case of 705kbps”.
The related proposal is shown below:
	Company
	View

	Sierra Wireless [8]
	Proposal 3 The 14 HARQ processes feature can be enabled when the multi-TB grant feature is enabled.



Potential Agreement 5: 
FFS: If the 14 HARQ processes feature can be enabled when the multi-TB grant feature is enabled.
	Company
	Agree?
	Comments

	Nokia, NSB
	Agree
	We support more time (i.e. the FFS) to allow companies to determine the feasibility.
Note, our key concerns with multi-TB support are:
· Is it non-trivial?
· Does it impact DCI size?

	Lenovo,MotoM
	Agree
	We assueme this is not urgent issue, if time permitted, we are open to discuss.

	ZTE
	Agree
	Our key concern is the benefit of 14-HARQ processes with multi-TB

	Ericsson
	Agree
	We would like to investigate what are the potential benefits for the 14 HARQ processes feature versus the added complexity.

	SONY
	Agree
	Can be discussed
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Annex 1
List of agreements from RAN1 #102e:
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
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