Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #83
R1-157501
Anaheim, USA, 15th - 22th November 2015
Source: 
Sierra Wireless
Title:
Summary of Informal Email Discussion on PUSCH
Agenda Item:
6.2.1.5
Document for:
Discussion and Decision
1 Introduction

This contribution summarizes the informal email discussion on issues related to PSUCH design for Rel-13 low-cost / coverage-enhancement UEs.
2 Discussion
2.1 Question 1: UL Resource allocation types supported
Question 1: Should it be agreed that only UL resource allocation types 0 is supported (i.e. not support type 1)?

Agreement: LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH

Possible Options: 

Option 1:  Support Type 0 only
Option 2: Support Type 0 and Type 1 only
	Company
	Comments

	Sequans Communications
	Support type 0 is flexible enough 

	Sierra
	Option 1

	Samsung
	Option 1 (i.e. type 0 only)

	LG
	Option 1

	Ericsson
	Option 1

	Sony
	Prefer Option 1: Support Type 0 only.

	Nokia
	Option 1

	Panasonic
	Option 1 for both mode A and mode B.

	NEC
	Option 1 (in addition joint encoding with narrowband index to reduce the overhead further).

	QC
	Option 1

	Intel
	Option 1

	ALU
	Option 1

	MediaTek
	Option 1

	Huawei, HiSilicon
	For the resource allocation within a narrowband, prefer the way of type 0. However, the resource allocation for MTC UEs which indicates one of narrowband and further indicates resource allocation within narrowband is different in operation from both Type 0 and Type 1.


2.2 Question 2: PUSCH/PUCCH Overlap

Question 2: How to handle overlapping PUSCH repetitions and PUCCH repetitions?

Possible Options: 

Option 1:  UE supports overlap and eNB scheduler ensures PUSCH and PUCCH resources do not overlap and are in the same narrowband 
Option 2:  others??
	Company
	Comments

	Sequans Communications
	Overlap should be avoided by eNB scheduler. 
If occurs, PUCCH with higher priority than PUSCH. That is, PUSCH repetitions are dropped in subframes where both overlap. 

	Sierra
	Prefer Option 1. UE should be capable of sending PUCCH and PUSCH in the same SF (assume same NB of course).

	Samsung
	Rel-8 behavior applies. Drop PUSCH unless there are no repetitions – even though scheduler should be able to avoid this event (as it would in Rel-8) it should not be restricted to schedule DL because of previous UL scheduling - UE behavior needs to be specified.

	LG
	We think this case needs to be specified. If it’s restricted by the network scheduling, scheduling could be very restrictive. To allow scheduling flexibility, the handling of overlap needs to be supported. Depending on UCI carried in PUCCH, and whether PUSCH is SPS PUSCH or UL-grant triggered PUSCH, different priority can be applied. Some suggested priority is in R1-156842.

	Ericsson
	In case of overlap of PUSCH and PUCCH repetitions, when the starting subframes are the same (full overlap), the PUCCH bits are multiplexed with PUSCH.
In case of overlap of PUSCH and PUCCH repetitions, when the starting subframe is different (partial overlap), the PUSCH subframe is dropped.

	Sony
	Agreed not to support simultaneous transmission of PUSCH & PUCCH.  In case of collision of PUCCH with PUSCH occur, legacy procedure can apply namely:

· PUCCH carrying ACK/NACK: Piggy back HARQ feedback on PUSCH

· PUCCH carrying CSI: Transmit periodic CSI on PUSCH

If repetition occurs and PUCCH & PUSCH collide partially then:

· PUCCH carrying ACK/NACK: Piggy back of HARQ feedback on PUSCH applies only on the colliding portion

· PUCCH carrying CSI: Drop PUCCH CSI

	Nokia
	eNB scheduler to avoid overlap

	Panasonic
	The generic priority rule is ACK/NACK > PUSCH > CSI > SRS. For CE mode A, if full overlap (entire PUSCH period and entire PUCCH are fully aligned), ACK/NACK is multiplexed with PUSCH. In the other overlap cases, drop collided subframes based on generic priority. For CE mode B, drop collided subframes based on generic priority regardless of the priority relations.

	NEC
	Scheduler should avoid this to happen, it is an error case at the UE (option 2).

	QC
	If overlap occurs, UE should transmit ACK on PUSCH if fully overlap. Otherwise, drop PUSCH and treat PUCCH ACK at higher priority.

	Intel
	Support Sony. If eNodeB detection complexity is a concern, we can consider dropping PUSCH on collided subframes for partial overlap between HARQ-ACK on PUCCH and PUSCH.

	ALU
	eNB scheduler to avoid overlap

	MediaTek
	For the full overlapping case, it is same as no repetition case, i.e., legacy operation

For the partial overlapping case, PUSCH repetition may be dropped by prioritizing PUCCH transmission.

	Huawei, HiSilicon
	Agreed not to support simultaneous transmission of PUSCH & PUCCH.
When the subframes where PUSCH repetition and PUCCH repetition overlaps,

· If full overlap: reuse the legacy behavior when simultaneous PUSCH and PUCCH transmission is not configured.
· If partial overlap: drop PUCCH during overlap portion. We think it can have some UE decoding complexity and power consumption reduction compared with dropping PUSCH. Detailed analysis can be referred to R1- 156450.

 


2.3 Question 3: PUSCH/PUCCH/PRACH Overlap

Question 3: How to handle overlapping PUSCH/PUCCH repetitions and PRACH repetitions?

Possible Options: 

Option 1:  UE does not support PUSCH and PRACH Overlap or PUCCH and PRACH overlap

Option 2:  others??
	Company
	Comments

	Sequans Communications
	No strong preference here

	Sierra
	Not sure if this is a valid use case so might be OK to not support it.

	Samsung
	Not a valid case – no need to specify anything for UE behavior

	LG
	PRACH has higher priority per the current behaviour. 

	Ericsson
	PRACH has higher priority per the current behaviour.

	Sony
	PUSCH/PUCCH & PRACH: Unlikely to occur.

	Nokia
	eNB scheduler to avoid overlap

	Panasonic
	UE prioritize PRACH transmission than PUSCH/PUCCH. UE does not support simultaneous PRACH and PUCCH/PUSCH.

As we described in R1-156954, even if MTC SIBxbis is used only for LC/CE UEs only, legacy PRACH resource usage needs to be indicated to LC/CE UEs. The resource collided with PRACH(used for legacy and MTC UEs) shall not be transmitted by PUSCH/PUCCH. This is same also for D2D resources. The behaviour when collided is described in R1-156948 as following.
MPUSCH/MPUCCH and D2D channel/legacy PRACH
MPUSCH and eMTC PRACH
MPUSCH and legacy PUCCH/ MPUCCH
CE mode A
Scheduler avoid collision
eMTC PRACH prioritized.
Scheduler avoid collision
Scheduler avoid collision
CE mode B

PRB pair level brute force puncturing for MPUSCH/MPUCCH
eMTC PRACH prioritized.
PRB pair level brute force puncturing for MPUSCH.
PRB pair level brute force puncturing  with MTC SIB1 indication
Scheduler avoid collision without MTC SIB1 indication



	NEC
	Agree with Panasonic that UE prioritize PRACH transmission than PUSCH/PUCCH. UE does not support simultaneous PRACH and PUCCH/PUSCH.



	Huawei, HiSilicon
	UE prioritize PRACH transmission over PUSCH/PUCCH as they are in different narrowbands and cannot be simultaneously transmitted by an MTC UE. When the subframes where PRACH repetition and PUSCH/PUCCH repetition overlaps, a UE drops transmitting PUSCH/PUCCH in only the overlapped portion.

	QC
	Avoid by scheduling, no need to define a rule.

	Intel
	Leave to eNodeB scheduler implementation.

	ALU
	Leave to eNodeB scheduler implementation.

	MediaTek
	It can be avoided by eNB scheduling.


2.4 Question 4: Confirm Working Assumption
Question 4: Should the following WA be confirmed?

   Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous
   FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs

	Company
	Comments

	Sequans Communications
	Confirm the WA. 

	Sierra
	Need more time to evaluate

	Samsung
	FFS. Depends on other decisions. Synchronous operation is not possible without additional mechanisms especially if non-adaptive retransmissions are not supported.

	LG
	As mentioned in R1-156842, supporting synchronous PUSCH HARQ timing may not be so efficient in eMTC in consideration of different valid/invalid subframe set between DL and UL and repetitions. At this point, we have a slight preference to revisit the issue. 

	Ericsson
	Confirm the WA.

	Sony
	Confirm working assumption.  An “on demand” MPDCCH search space is required to ensure the PUSCH HARQ feedback is sent on the right time.

	Nokia
	Confirm the WA.

	Panasonic
	Confirm the WA.

	NEC
	Confirm the WA.

	QC
	Synchronous operation especially for large coverage case needs some changes with respect to previous releases. In our view, async HARQ might be easier to implement in this case, especially for large coverage enhancement. For low coverage enhancement synchronous HARQ can be supported.

	Intel
	The WA can be confirmed.

	ALU
	Similar concerns as QC/LG/Samsung.  Agree with QC that actually given MPDCCH design, async HARQ may actually be easier and more efficient.

	MediaTek
	If asynchronous HARQ is supported, it might require the additional bits in DCI to indicate the HARQ process number.

Synchronous HARQ could be realized via eNB scheduling (e.g., no simultaneous DL/UL transmission) or 4 PRBs assignment for DL transmission in CE mode B.

Considering the limited meeting time, synchronous HARQ is slightly preferred.

	Huawei, HiSilicon
	Confirm the WA.


Sub Questions:
Let ModeA_M-PDCCH_SF_Set be the subset of SFs which the LC UE decodes M-PDCCH when in Mode A.

Let ModeB_M-PDCCH_SF_Set be the subset of SFs which the LC UE decodes M-PDCCH when in Mode B.
Question 4.1 If yes to confirm WA, then what is the HARQ-ACK timing if HARQ-ACK falls on a SF that is not in the ModeB_M-PDCCH_SF_Set?

    Option 1:  The next valid SF in ModeB_M-PDCCH_SF_Set

    Option 2:  The SF with the HARQ-ACK is temporality added to the ModeB_M-PDCCH_SF_Set 

    Option 3:  eNB insures via PUSCH scheduling that HARQ-ACK SF is always in MODEB_M-PDCCH_SF_Set  

   Option 4: Do not confirm WA
	Company
	Comments

	Sequans Communications
	option 1 seems to be most aligned with previous agreements we had on valid/invalid subframes. 

	Samsung
	Option 1.

	LG
	Option 1 can be considered in this case assuming ModeB_M-PDCCH_SF_Set is “starting subframe set for M-PDCCH monitoring”. Though the overall timing among multiple HARQ processes may be affected by the postponed transmissions, and unless only one HARQ is used in CE mode B, some confusion case may exist if repetition of PUSCH is smaller than the repetition of M-PDCCH. Though this may not be critical case in CE mode B.

	Ericsson
	Option 2. In order to not unnecessarily delay the HARQ-ACK, the UE should receive M-PDCCH with HARQ-ACK feedback according to a well-defined PUSCH-to-M-PDCCH timing relationship (n+k) similar to legacy operation.

	Sony
	We prefer Option 1.

	Nokia
	Option 1.

	Panasonic
	Option 1.

	NEC
	Option 1.

	QC
	We need to define first how async HARQ works for dynamic bundling. In our view, the best answer would be “next valid SF that schedules the same HARQ process”.

	Intel
	Prefer Option 1.

	ALU
	If WA agreed, then Option1.

	MediaTek
	Option 1. Additionally, it seems unlikely to have two UL HARQ processes in CE mode B. Otherwise, it may require indication of HARQ process number in DCI.

	Huawei, HiSilicon
	Next starting subframe of M-PDCCH monitoring in ModeB_M-PDCCH_SF_Set.


Q4.2  Does ModeA_M-PDCCH_SF_Set equal all valid SF?  Yes, No

	Company
	Comments

	Sequans Communications
	Yes, this is our understanding

	Samsung
	Yes (as far as the question is understood – not sure if this relates to a similar question on the search space design)

	LG
	In CE mode A, if there are multiple repetition R for M-PDCCH used, clarification on UE expectation on PUSCH HARQ timing is necessary. For example, if a UE monitors R = 1, 2, and 4, if initial UL grant is scheduled with R =4 at n (last M-PDCCH SF) with PUSCH repetition of 1, PUSCH HARQ timing becomes n+8. If it’s not aligned with starting subframe of all R, either scheduling flexibility for UL-grant is restricted (for example, UL grant is scheduled with R =1 to follow synchronous timing) or postponing HARQ to the next starting subframe aligned with Rmax may be necessary (which may cause potential collisions among different PUSCH HARQ-ACK timings).  

	Ericsson
	In CE mode A, M-PDCCH can be monitored in all valid downlink subframes at least when the UE is configured with a search space that does not contain candidates with R>1 at least in FD-FDD.

	Sony
	Yes.

	Nokia
	Yes.

	Panasonic
	Yes.

	NEC
	Yes.

	Intel
	Yes.

	Intel
	Yes.

	ALU
	Yes

	MediaTek
	Yes

	Huawei, HiSilicon
	Yes.


Q4.3  If yes to confirm WA, then what is the HARQ-ACK timing if the HARQ-ACK falls on an invalid SF?

Mode A

    Option 1:  The next valid SF 

    Option 2:  eNB insures via PUSCH scheduling that HARQ-ACK SF always falls on a valid SF

    Option 3: Do not confirm WA

Mode B

    Option 1:  The next valid SF in ModeB_M-PDCCH_SF_Set (same as option 1 in Q4.1)

   Option 2:  eNB insures via PUSCH scheduling that HARQ-ACK SF is always in MODEB_M-PDCCH_SF_Set  (same as option 1 in Q4.3)

   Option 3: Do not confirm WA

	Company
	Comments

	Sequans Communications
	Option 1, for both

	Samsung
	Option 1 for both modes

	LG
	If Option 1 is used, HARQ-ACK on two different PUSCHs can collide, and overall PUSCH timing changes. For example, subframe n schedules UL-grant, subframe n+4 transmits PUSCH, and then subframe n+9 transmits retx UL-grant (as n+8 is an invalid SF), the timing seems not synchronous anymore. We wondering about the timing in case the UE has missed the UL-grant or the network has not transmitted UL-grant in n+9, whether the UE should wait another one in n+17 or n+16 for the same PUSCH. Thus, if synchronous timing is used, it’s more straightforward to skip transmitting UL grant, and wait for next opportunity. Generally, we consider async PUSCH HARQ timing is more straightforward at least for CE mode A. 

	Ericsson
	Option 1 for both modes

	Sony
	Option 1 for both modes.

	Nokia
	Option 1 for both modes

	Panasonic
	Option 1 for both modes.

	NEC
	Option 1 for both modes.

	QC
	Same as Q4.1

	Intel
	Option 1 for both modes.

	ALU
	If WA agreed, then Option1 for both modes.

	MediaTek
	For CE mode A, Option 2 is preferred.

For CE mode B, Option 1 + only 1 UL HARQ process is used.

Option 1 with multiple HARQ processes may cause collision of M-PDCCH carrying UL HARQ ACK/NACK as discussed in our contribution. Then it may require the addition field in DCI to indicate HARQ process number.

	Huawei, HiSilicon
	The next valid SF and starting subframe of M-PDCCH monitoring for CE in both modes. 


2.5 Question 5: Adaptive Support
Question 5: Should PUSCH HARQ retransmission be adaptive or non-adaptive or both?
   Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous
   FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs
Possible Options: 

Option a:  Only PUSCH adaptive HARQ is supported
Option b:  Only PUSCH non-adaptive HARQ is supported
Option c:  Both PUSCH adaptive and non-adaptive HARQ are supported
	Company
	Comments

	Sequans Communications
	Only adaptive retransmission is supported. 

	Sierra
	No strong preference. 

	Samsung
	The options seem incomplete. Should be something like (a) support only adaptive, (b) support only non-adaptive, or (c) support both. We support both (i.e. (c)). 

	LG
	It may depend on synchronous timing discussion. If async timing is adopted, non-adaptive HARQ retransmission may not be easily supported. If synchronous timing is supported, we think supporting both can be considered. 

	Ericsson
	Only adaptive retransmission is supported.

	Sony
	Adaptive HARQ already agreed in RAN1#82bis (i.e. Option b should not be there).   We prefer Option C.

	Nokia
	Support adaptive retransmission. Probably no need to support non-adaptive HARQ.

	Panasonic
	As DCI overhead is concern, our best preference is option C. Non-adaptive HARQ is realized by very compact DCI. We don't prefer to multiplex different UE's Ack/Nack to the same DCI. On the other hand, given amount of the standardization time, to take option a in this release may be possibility.

	NEC
	Same as Panasonic, Option c:  Both PUSCH adaptive and non-adaptive HARQ are supported (realized by same DCI format for UL).

	QC
	Only adaptive for simplicity

	Intel
	Option a: only adaptive is preferred.

	ALU
	Same view as LG

	MediaTek
	Instead of full adaptive HARQ and non-adaptive HARQ, the partial-adaptive HARQ with a compact DCI only indicating the change of the repetition number is preferred, at least for CE Mode B. 

For non-adaptive HARQ, it seems a limitation on no change/adaptation of the repetition number which is important for UE power saving.

	Huawei, HiSilicon
	At least PUSCH adaptive HARQ retransmission is supported. Non-adaptive PUSCH HARQ retransmission can be considered if the HARQ timing design can ensure no collision and confusion.


2.6 Question 6: RV cycling value of Z 
Question 6: How should z be configured when RV cycling is used for Mode B. 

RAN1#82bis agreement:
· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes

· For no or small repetitions, Z=1

· FFS whether or not a TB can be mapped to X>1 subframes as a bundle

· Value of X FFS

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· FFS the value of Z

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}

Possible Options when Freq Hopping enabled: 

Option 1:  Z=Ych
Option 2: Defined in specification

Option 3:…

Possible Options when Freq Hopping disabled: 

Option 1: Defined in specification

Option 2:…

	Company
	Comments

	Sequans Communication
	Seems reasonable to align Z with hopping interval. That is, option 1
When frequency hopping is deactivated, is fixed for mode B. that is, option 1

	Sierra
	Prefer to specify in standard for both cases. Simply set Z = 1 for small repeats and Z=8 for larger # of repeats.  Sierra feels this is a good balance between performance and complexity.

	Samsung
	Option 1, Z=Ych.

	LG
	Option 1 

	Ericsson
	Z=1 for PUSCH repetition factors less than or equal to 8.
For PUSCH repetition factors larger than 8, Z = min(4, Ych) when frequency hopping is used and Z=4 if frequency hopping is not used.
We provide some estimates of required number of repetitions and frequency hopping intervals in our contribution R1-156413.

CE Level (enhancement)

MCL [dB]

Repetition factor (R)

Freq hop (Y_ch)

CE Mode

Comments

0 (0 dB)

140.7

1

0 ms

-

1 (3 dB)

143.7

2

0 ms

Mode A

For small reps, combination of PUSCH subframes is reasonably coherent.

2 (6 dB)

146.7

4-8

e.g. 4 ms

Mode A

3 (9 dB)

149.7

12-20

e.g. 4 ms

Mode A

4 (12 dB)

152.7

20-32

e.g. 8 ms

Mode B

In case of repetitions, PUSCH combining gain suffers due to inaccurate channel and frequency offset estimation.

5 (15 dB)

155.7

50-80

e.g. 16 ms

Mode B

6 (18 dB)

158.7 (Tx power 20 dB)

128-256

e.g. 16 ms

Mode B



	Sony
	For Mode A, Z = 1
For Mode B, Z= min(4, Ych) when frequency hopping is used and Z=r if frequency hopping is not used

	Nokia
	Z=4

	Panasonic
	Option 1 when Freq Hopping enabled. Z=X (same value as Ych) when Freq Hopping disabled.

	NEC
	We are fine the redundancy version (RV) is cycled every Z subframes and the RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}.

But, we do not agree that the scrambling sequences for PUSCH data to be same in the same Z subframes (see our contribution R1-156683). The scrambling sequence should be different in every subframe in order to avoid the interference to combine coherently between radio frames which will consequently reduce the SINR gain of the long repetitions.

	QC
	Link to Y_ch such that in each hop all the RV are transmitted. For example, Z=2 if Y_ch=8

	Intel
	Z = Y_CH when FH is configured. Z = 4 when FH is not configured.

	ALU
	Option 1, Z=Ych.

	MediaTek
	Z is not necessary to be equal to Ych. It can be set independently considering the cross-subframe channel estimation gain. Ych could be multiple of Z.

	Huawei, HiSilicon
	Z equals to the number of valid subframes occupied by each transmission or retransmission. We suggest a TB can be mapped to the bundled subframes for each transmission or retransmission. The locations of bits transmitted in different subframes of the bundle are continuous and cyclic in the circular buffer. It is observed in R1-155114 that it has the benefit to reduce the required number of repetitions.


2.7 Absent/non-detected PUSCH HARQ feedback

Question 7: Should LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK?
	Company
	Comments

	Huawei, HiSilicon
	Generally, there is a principle that UE does not transmit without having received permission to do so (i.e. receiving a NACK), so the UE should interpret absent/non-detected PUSCH HARQ like ACK, and not transmit. It  may be worth considering if a DCI carrying NACK can be eliminated in some cases, however, especially with large repetition numbers.


3 Summary and Proposals
Question 1: Should it be agreed that only UL resource allocation types 0 is supported (i.e. not support type 1)?

Possible Options: 

Option 1:  Support Type 0 only

Option 2: Support Type 0 and Type 1 only
Summary: All companies preferred option 1. 

Possible Proposal: Rel-13 LC/CE UEs do not support PUSCH resource allocation type 1. 
Question 2: How to handle overlapping PUSCH repetitions and PUCCH repetitions?

Possible Options: 

Option 1: eNB avoids overlap (no need to specify overlap scenario)
Option 2: Overlap can occur
Option 2.1:  UE prioritizes based on set rules – rules are FFS
Option 2.2:  Prioritization and multiplexing
Summary: General agreement UE will not support simultaneous PUCCH and PUSCH.  Several companies supported option 2.1, three companies supported option 2.2, three companies felt no spec changes are necessary. 
Possible Proposals: 

· The rel13 LC UE shall not support transmitting PUSCH and PUCCH in the same SF. 

· If PUSCH and PUCCH overlap occurs, FFS on which of the following applies
· Option 1: UE prioritizes PUCCH or PUSCH based on specified rules – rules are FFS

· Option 2: UE prioritizes or multiplexes PUCCH or PUSCH based on specified rules – rules are FFS

· 
Question 3: How to handle overlapping PUSCH/PUCCH repetitions and PRACH repetitions?

Possible Options: 

Option 1:  UE does not support PUSCH and PRACH Overlap or PUCCH and PRACH overlap

Option 2:  No need to specify anything (eNB avoids overlap)
Option 3: PRACH has high priority. 

Summary: General agreement that UE does not support simultaneous PRACH and PUCCH/PUSCH. Majority of companies support option 3 but several companies support option 2, that eNB can avoid this overlap.
Possible Proposals: 

· The rel13 LC UE shall not support transmitting PRACH and PUSCH/PUCCH in the same SF. 

· If PRACH and PUSCH/ PUCCH overlap occurs, FFS on which of the following applies

· Option 1: UE always prioritizes PRACH over PUSCH/PUCCH. The affected PUSCH/PUCCH is then abandoned i.e. NOT restarted after the PRACH  
· 
Question 4: Should the following WA be confirmed?

   Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous
   FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs
Summary: 9 companies want to confirm the WA. 4 companies want to revise it. Revisit it WRT to valid/invalid SF and if non-adaptive retransmissions are supported.

Possible Proposals: Confirm WA 

· PUSCH HARQ operation for LC/CE UEs is synchronous
Let ModeA_M-PDCCH_SF_Set be the subset of SFs which the LC UE decodes M-PDCCH when in Mode A.

Let ModeB_M-PDCCH_SF_Set be the subset of SFs which the LC UE decodes M-PDCCH when in Mode B.
Question 4.1 If yes to confirm WA, then what is the HARQ-ACK timing if HARQ-ACK falls on a SF that is not in the ModeB_M-PDCCH_SF_Set?

    Option 1:  The next valid SF in ModeB_M-PDCCH_SF_Set

    Option 2:  The SF with the HARQ-ACK is temporality added to the ModeB_M-PDCCH_SF_Set 

    Option 3:  eNB insures via PUSCH scheduling that HARQ-ACK SF is always in MODEB_M-PDCCH_SF_Set  

   Option 4: Do not confirm WA
Summary: 11 companies support option 1. One company supports option 2. If option 1 is chosen, further agreement to clarify the affected timing among the 2 possible HARQ processes the postponed transmissions.
Possible Proposals: 
· For Rel 13 LC UEs operating in mode B, if the synchronous HARQ-ACK timing has the HARQ-ACK fall on a SF which is NOT in the configured subset of Mode B USS M-PDCCH “starting subframes”, then HARQ-ACK shall be delayed to the next available SF within the configured Mode B USS M-PDCCH “starting subframes”. 
Question 4.2  Does ModeA_M-PDCCH_SF_Set equal all valid SF?  Yes, No

Summary: All companies indicated “yes” but two companies felt it may depend on configured search space. 
Possible Proposals: 
· For Rel 13 LC UEs operating in mode A, all subframes shall be valid M-PDCCH “starting subframes” in the mode A USS. 

Question 4.3  If yes to confirm WA, then what is the HARQ-ACK timing if the HARQ-ACK falls on an invalid SF?

Mode A

    Option 1:  The next valid SF 

    Option 2:  eNB insures via PUSCH scheduling that HARQ-ACK SF always falls on a valid SF

    Option 3: Do not confirm WA

Mode B

    Option 1:  The next valid SF in ModeB_M-PDCCH_SF_Set (same as option 1 in Q4.1)

   Option 2:  eNB insures via PUSCH scheduling that HARQ-ACK SF is always in MODEB_M-PDCCH_SF_Set  (same as option 1 in Q4.3)

   Option 3: Do not confirm WA

Summary:  10 companies support Option 1 for both. One company preferred not to confirm WA and use async HARQ instead.
Possible Proposals: 
· For Rel 13 LC UEs operating in mode A, if the HARQ-ACK falls on an invalid SF, the HARQ-ACK shall be delayed to the next valid SF.

· For Rel 13 LC UEs operating in mode B, if the HARQ-ACK falls on an invalid SF, the HARQ-ACK shall be delayed to the next available SF within the configured subset of M-PDCCH “starting subframes” in the mode B USS. 

Question 5: Should PUSCH HARQ retransmission be adaptive or non-adaptive or both?

   Working assumption: PUSCH HARQ operation for LC/CE UEs is synchronous
   FFS adaptive and/or non-adaptive PUSCH HARQ retransmission for LC/CE UEs
Possible Options: 

Option a:  Only PUSCH adaptive HARQ is supported
Option b:  Only PUSCH non-adaptive HARQ is supported  (Already agreed)
Option c:  Both PUSCH adaptive and non-adaptive HARQ are supported
Summary:  Small preference for option C (Both).  5 company: Option A, 5 companies Option C.
Possible Proposals: 
· Rel 13 LC UEs shall support only PUSCH adaptive 
Question 6: How should z be configured when RV cycling is used for Mode B. 

RAN1#82bis agreement:
· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes

· For no or small repetitions, Z=1

· FFS whether or not a TB can be mapped to X>1 subframes as a bundle

· Value of X FFS

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· FFS the value of Z

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}

Possible Options when Freq Hopping enabled: 

Option 1:  Z=Ych

Option 2: Defined in specification

Option 3:…

Possible Options when Freq Hopping disabled: 

Option 1: Defined in specification

Option 2:…

Summary: When frequency hopping is enabled most companies (8) preferred option 1 (Z= Ych) and 2 companies preferred to specify in spec.  When frequency hopping is disabled most companies (6) preferred to define Z in the specification and 2 companies preferred to have Z=X. One company preferred to always keep Z=1 (and change scrambling code each SF). Two companies had different views where z= fnc(Ych).
Possible Proposals: 
· When a Rel 13 LC UEs is configure to use PUSCH frequency hopping for RV cycling, 
· UE in Mode A, Z=1 

· UE in Mode B:

· For FDD if repeats <16 then Z=1 else Z = min(Ych,4), 
· For TDD if repeats <12 then Z=1 else for a radio frame  Z is:
· Uplink Configuration 0:  3,3

· Uplink Configuration 1:  2,2

· Uplink Configuration 2:  1,1

· Uplink Configuration 3:  3,x

· Uplink Configuration 4:  2,x
· Uplink Configuration 5:  1,x
· Uplink Configuration 6:  3,2
· When a Rel 13 LC UEs is NOT configure to use PUSCH frequency hopping for RV cycling
· UE in Mode A, Z=1

· UE in Mode B:
· For FDD, If repeats<16 then Z=1 else Z=4 
· For TDD, If repeats<12 then Z=1 else for a radio frame Z is:
· Uplink Configuration 0:  3,3

· Uplink Configuration 1:  2,2

· Uplink Configuration 2:  1,1

· Uplink Configuration 3:  3,x

· Uplink Configuration 4:  2,x

· Uplink Configuration 5:  1,x

· Uplink Configuration 6:  3,2

Question 7: Should LC/CE UE should interpret absent/non-detected PUSCH HARQ feedback as ACK?

Summary: This question was added late and only one company view was collected but submitted tdocs from other companies support the above proposal.
Possible Proposals: 
· A Rel 13 LC UEs shall interpret the absence or non-detection of PUSCH HARQ feedback as an ACK.
Suggested order: proposals from 5, 4.1,4.2, 4.3, 4, 1, 6, 7, 2, 3
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