Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #83
R1-157474
Anaheim, USA, 15th - 22th November 2015
Source: 
Ericsson
Title:
Summary of informal email discussion on PUCCH for MTC
Agenda Item:
6.2.1.6
Document for:
Discussion and Decision
1 Introduction

This contribution summarizes the informal email discussion on issues related to PUCCH design for Rel-13 low-cost / coverage-enhancement UEs.
2 Discussion
2.1 Question 1: PUCCH formats 
Question 1: Should any PUCCH formats not be supported?

For example: Format 1b, 2b, 3 are not supported for LC/CE UE.
	Company
	Comments

	Ericsson
	· For Rel-13 LC/CE UEs in CE mode A (no or small number of repetitions), PUCCH format 1b and 2b (2 A/N bits), and PUCCH format 3 are not supported.

· For Rel-13 LC/CE UEs in CE mode B (large number of repetitions), PUCCH format 1b (2 A/N bits), PUCCH formats 2, 2a and 2b (CSI reporting), and PUCCH format 3 are not supported.



	Samsung
	No need for PUCCH Format 3. FFS on PUCCH Format 1b/2b for Mode A (depends on other decisions on improving data rates).

	Panasonic
	For FDD, Format 1b, 2b, 3 are not supported for LC/CE UE as we don’t see the use case of PUCCH format 1b, 2b and 3.

For TDD, technically we prefer to support PUCCH format 1b, 2b and 3 for multiplexing but we wonder the meeting time for the discussion is sufficient. For now, we don’t support them because of the meeting time availability. In this case, bundling could be used when multiple feedback are used in a subframe.

	Nokia
	PUCCH format 3 is not supported by eMTC UE.

	Sony
	In RAN1#82bis already agreed to support 1, 1a, 2 & 2a.  The remaining formats are not supported.

	Huawei, HiSilicon
	PUCCH formats 1b, 2b, 3 are not supported for LC/CE UE. 

	LG
	In our view, baseline of LC/CE MTC UE is not CA-capable UE. In terms of complexity and effectiveness, it would be better not to introduce PUCCH format 1b with channel selection and PUCCH format 3 for MTC UEs. 

	Intel
	For CE mode A: only PUCCH formats 1/1a/2/2a are supported (i.e., formats 1b/2b/3 are not supported).

For CE mode B: only PUCCH formats 1/1a are supported (i.e., formats 1b/2/2a/2b/3 are not supported).

	DOCOMO
	PUCCH format 3 is not supported. Same view as Intel.

	CATT
	PUCCH format 1b and 2b are not supported.

PUCCH format 1b with channel selection and PUCCH format 3 are supported for TDD at least in case of no repetition to support ACK/NACK multipelxing.

	ZTE
	Agree with Ericsson. For CE mode A, format 1b, 2b, 3 are not supported. For CE mode B, format 1b, 2, 2a, 2b, 3 are not supported.

	ALU
	PUCCH formats 1b/2b/3 are not supported by FDD Rel-13 MTC devices.

	NEC 
	PUCCH formats 1b, 2b, 3 are not supported for LC/CE UE. 

	
	


Summary:

· On PUCCH format 1b/2b, majority view is: 
· PUCCH format 1b/2b are not supported by Rel-13 LC/CE UE
Supported by: Ericsson, Panasonic, Sony, Huawei, HiSilicon, LG, Intel, DOCOMO, ZTE, ALU, NEC.
· On PUCCH format 3,  majority view is:
· PUCCH format 3 is not supported by Rel-13 LC/CE UE.

Supported by: Ericsson, Samsung, Panasonic, Nokia, Sony, Huawei, HiSilicon, LG, Intel, DOCOMO, ZTE, ALU, NEC.

Proposals
Proposal 1 PUCCH format 1b/2b/3 are not supported by Rel-13 LC/CE UE.
2.2 Question 2: Implicit resource derivation 
Question 2: What should be the detailed implicit resource derivation for PUCCH format 1a?

Option 1: Implicit resource derivation based on associated M-PDCCH;

Option 2: Implicit resource derivation based on associated PDSCH;
	Company
	Comments

	Ericsson
	Prefer Option 1.

For Rel-13 LC UEs in normal coverage as well as coverage enhancement, PUCCH resource is derived implicitly from the associated M-PDCCH transmission.

	Samsung
	Option 2 for Mode B (option 1 for Mode A is agreed)

	Panasonic
	For CE mode A, we are fine with either option 1 or option 2,
- In case of option 1, implicit resource is derived from ECCE index of corresponding MPDCCH. Semi-static offset per PRB set and/or narrowband is signaled to UE. The semi-static offset can be common per PRB set.
- In case of option 2, implicit resource is derived from PRB index of corresponding PDSCH.
For CE mode B, the handling could be same as that for CE mode A.

	Nokia
	Option 1 is preferred. From resource utilization point of view, it is more efficient.

	Sony
	We prefer Option 1 as per legacy based on (1st) ECCE index in CE Mode A.  

CE Mode B can be RRC configured.

	Huawei, HiSilicon
	Support option 1 for MTC UEs with no repetition. For UEs with repetition, avoiding collision of resources needs further effort as discussed in our paper R1-156445.

	LG
	We prefer Option 1 as in legacy implicit PUCCH resource allocation. Considering semi-static offset per EPDCCH set, it will be sufficient to reuse Rel-12 mechanism for implicit resource derivation for PUCCH format 1a. 

	Intel
	Prefer Option 1. 

The indexing of the nECCE should incorporate the NB-location to avoid PUCCH collisions due to different DL NBs being mapped to same PUCCH resource for M-PDCCH in the CSS (e.g., HARQ-ACK feedback in response to Msg4 or RRCConnectionSetup message scheduling). For M-PDCCH in the UE-SS, it should be sufficient to just rely on Rel-11 EPDCCH mechanism using UE-specific offsets per M-PDCCH set as part of UE-SS configuration.

	DOCOMO
	Prefer Option2. From our perspective, the reduction in PUCCH overhead is more important. The number of the ECCEs available within a NB is larger than 6 and it would become 24. This means that two PRBs are needed for the PUCCH even though one DL NB is available for the eMTC and the number of required PUCCH resources is equal or less than six. For a larger number of available DL NBs, Options 1 and 2 may not be different.

	CATT
	Option 1. For CE Mode B, it is preferred to modify implicit resource derivation mechanism to reduce the PUCCH overhead as only large AL would be used.

	ZTE
	For mode A, Option 1 has been agreed. 

For mode B, the resources for PUCCH repetition does not need to be changed dynamically which is the same as resource determination in repeated subframes for legacy UEs. The PUCCH repetition resources within narrowband regions can always use the resources explicitly configured by higher layers.

	ALU
	Prefer Option 1 for Mode A and Mode B.

	NEC
	Option 2: Implicit resource derivation based on associated PDSCH (i.e. derived from PRB index of corresponding PDSCH) due to more efficient resource utilization

	
	


Summary:

For CE mode A, the majority view is: 
· Option 1: Implicit resource derivation based on associated M-PDCCH;
Supported by: Ericsson, Samsung (for CE mode A), Panasonic (fine with both options), Nokia, Sony, Huawei, HiSilicon, LG, Intel, CATT, ZTE, ALU.
In contrast, some companies prefer Option 2 for CE mode A:

· Option 2: Implicit resource derivation based on associated PDSCH;

Supported by: Panasonic (fine with both options), DoCoMo, NEC.
Note that some companies (Samsung, ZTE) point out that Option 1 has already been agreed for CE mode A.
For CE mode B, the majority view is: 
· Option 1: Implicit resource derivation based on associated M-PDCCH;
Supported by: Ericsson, Panasonic (fine with both options), Nokia, LG, Intel, CATT, ALU.
Companies who do not prefer Option 1 for CE mode B have diverse views on what the solution should be.

Proposals
Proposal 2 Implicit resource derivation for PUCCH format 1a is based on associated M-PDCCH for both CE mode A and mode B.
2.3 Question 3: ARO

Question 3: What should be ARO for large CE?

Option 1: Same as ARO of EPDCCH;
Option 2: Offset specifically designed for UEs in CE Mode B. 
	Company
	Comments

	Ericsson
	Prefer Option 1.

For Rel-13 LC UEs in large coverage enhancement (Mode B), same ARO mechanism of EPDCCH is used in M-PDCCH. If needed for collision avoidance, one additional ARO bit can be used compared to legacy.

	Samsung
	No ARO for large CE

	Panasonic
	For CE mode B, if collision could be avoided by supporting explicit PUCCH resource configuration by RRC as in LTE Rel-12, the ARO can be same as that of EPDCCH. If only implicit resource determination is supported, offset specifically designed for UEs in CE Mode B might be needed.

	Nokia
	Option 1 is enough to avoid the PUCCH resources collision.

	Sony
	PUCCH resource can be RRC signalled and hence ARO is not needed.  Besides difficult to use ARO since network needs to predict possibly hundreds of (PDSCH) subframes in advance whether a PUCCH resource would be used.

	Huawei, HiSilicon
	No need of ARO Mode B. 

For MTC UEs operating CE, prefer PUCCH resource is explicitly provided by higher layer signalling. 



	
	Even for large CE, ARO is still needed. During the PUCCH repetition, its associated ECCE cannot be used if ARO is not used. It can limit scheduling flexibility. Therefore, ARO can be considered for PUCCH resource allocation for large CE to fully utilize resources for M-PDCCH.
Considering large CE, semi-static offset will be set to separate PUCCH resources for different UE, therefore, it seems current ARO is sufficient to handle potential collision between PUCCH resources. 

	Intel
	Prefer Option 1. 
For CE mode B (large CE cases), ARO can still be useful. The implicit resource derivation mechanism is preferred for mode B as well – we can have a unified mechanism for any PUCCH resource derivation in response to PDSCH before RRC connection is established (e.g., HARQ-ACK feedback in response to Msg4 or RRCConnectionSetup message).

	DOCOMO
	The need of the ARO may depend on the detailed implicit resource allocation for Mode B.

	CATT
	Option 1. 

	ZTE
	Agree with Samsung. For mode B (large CE), “ARO” field in DCI can be removed in order to reduce DCI size.

	ALU
	Option 1.

	
	

	
	


Summary:

· On ARO, there are mainly two Options: 
· Option 1: ARO same as that of EPDCCH is defined for CE mode B.
Supported by: Ericsson, Nokia, LG, Intel, CATT, ALU.

· Option 3: No ARO

Supported by: Samsung, Sony, Huawei, HiSilicon, ZTE
Proposals
Proposal 3 ARO for large CE is according to one of the following two alternatives:
· Alternative 1: ARO, the same as that of EPDCCH, is defined for CE mode B.

· Alternative 2: No ARO

2.4 Question 4: Association of PUCCH formats with CE mode

Question 4: What should be the association of the PUCCH formats with the CE mode?
	Company
	Comments

	Ericsson
	· For CE mode A, LC/CE UE supports PUCCH format 1/1a/2/2a;
· For CE mode B, LC/CE UE supports PUCCH format 1/1a;

	Samsung
	In CE Mode A, UE supports 1/1a/2/2a, TBD based on other decisions for 1b/2b
In CE Mode B, UE supports 1/1a

	Panasonic
	For mode A, format 1/1a/2/2a is supported.

For mode B, format 1/1a is supported.

	Nokia
	PUCCH format 1/1a/2/2a can be supported by UE in mode A. PUCCH format 1/1a are supported by UE in Mode B

	Sony
	Mode A: Support the agreed formats namely 1, 1a, 2 & 2a.

Mode B: We do not see the need for CQI feedback in Mode B and so Mode B need only support Format 1 and 1a.

	Huawei, HiSilicon
	For CE mode A, LC/CE UE supports PUCCH format 1/1a/2/2a only;

For CE mode B, LC/CE UE supports PUCCH format 1/1a only.

	LG
	Similar view with Ericsson/Panasonic.

	Intel
	Same view as Ericsson’s.

	DOCOMO
	Same view as Ericsson and Panasonic

	CATT
	For CE Mode A, PUCCH format 1/1a/2/2a for FDD, PUCCH format 1/1a/1b with cs/2/2a/3 for TDD. FFS the case with small CE in CE mode A for TDD.
For CE Mode B, only format 1/1a.

	ZTE
	Agree with Ericsson. For CE mode A, PUCCH format 1/1a/2/2a is supported. For CE mode B, PUCCH format 1/1a is supported.

	ALU
	Same view as Ericsson’s.

	NEC
	For mode A, format 1/1a/2/2a is supported.

For mode B, format 1/1a is supported.

	
	


Summary:

· On association of PUCCH formats with CE mode, majority view is: 
· For CE mode A, LC/CE UE supports PUCCH format 1/1a/2/2a only; For CE mode B, LC/CE UE supports PUCCH format 1/1a only

Supported by:  Ericsson, Panasonic, Nokia, Sony, Huawei, HiSilicon, LG, Intel, DOCOMO, ZTE, ALU, NEC.
Proposals
Proposal 4 For CE mode A, LC/CE UE supports PUCCH format 1/1a/2/2a only; For CE mode B, LC/CE UE supports PUCCH format 1/1a only.
2.5 Question 5: ACK/NACK bundling
Question 5-1: Assuming bundling of ACK/NACK should be supported for TDD, how should it be defined when DL/UL transmission requires repetition?
	Company
	Comments

	Ericsson
	For Rel-13 LC/CE UEs, when cross-subframe scheduling is used (working assumption is to be confirmed), or when DL/UL transmission requires repetition, ACK/NACK bundling is not defined for TDD. 

If same-subframe only scheduling is supported in a certain scenario, legacy behaviour of ACK/NACK bundling can be supported for TDD.

	Samsung
	Should be deprioritized. Will need to redefine bundling windows. HARQ-ACK already has the best coverage and further, for TDD, 8 Rx may be assumed.  

	Panasonic
	We support bundling of ACK/NACK for downlink HARQ in TDD. It could reduce feedback and save UE’s power. For mode B, maximum number to do bundling is 2 due to HARQ process is up to 2. For mode A, potentially more HARQ processes could be bundled for feedback.  In addition, we think some bundling window like Table 10.1.3.1-1 of 36.213 should be defined.  

We are not sure the meaning of ACK/NACK bundling for uplink HARQ. If the meaning is one UL grant bundles multiple feedbacks from eNB for UL HARQ processes, we don’t support it considering limited standardization time.

	Nokia
	ACK/NACK bundling it hard to be supported for TDD eMTC UE in enhanced coverage, the repeated PDSCH in the bundling window could be just for the same HARQ process. So the PDSCH and PUCCH timing could be like FDD, e.g., PUCCH transmit no earlier than n+4, if n+4 is the valid UL subframe. For UE in normal coverage, ACK/NACK bundling could be supported by eMTC UE with the reduced HARQ-ACK size, just because of the cross subframe scheduling.

	Huawei, HiSilicon
	If this can be supported within a reasonable amount of effort, then it may be worth keeping the feature in CE Mode A at least. Which numbers of repetitions are feasible to support bundling needs to be considered, especially in cases where Mode A and Mode B have intersecting sets of repetition numbers in a cell. .

	LG
	First of all, it needs to bundle contiguous UL subframes for UL repetition. Next, DL SF bundle associated with this UL SF bundle simply can be defined by union of DL subfames associated with each UL SF within UL SF bundle. For example, if we consider TDD UL-DL configuration (e.g. DSUUDDSUUD), SF#7 and SF#8 will be bundled as UL SF bundle#1. Since DL SF#0 and DL SF#1 are associated with UL SF#7, and DL SF#4 is associated with UL SF#8, DL SF bundle associated with UL SF bundle#1 will consists of DL SF#0, #1, and #4. To have larger repetition number, multiple SF bundle will be packaged. 

	Intel
	Agree with Samsung: support of HARQ-ACK bundling for TDD can be deprioritized.

	CATT
	At least in case of no repetition, the existing mechanism should be reused. For CE Mode B, we think ACK/NACK bundling/multiplexing is not needed. For small CE, not support ACK/NACK bundling would be acceptable if there are significant spec impact.

	ZTE
	Agree with Nokia. When DL/UL transmission requires repetition, the repeated PDSCH in a bundling window may be just for the same process or transport block. In this case, ACK/NACK bundling does not need to be defined.

	ALU
	Agree with Samsung.

	
	


Summary:

· On ACK/NACK bundling for TDD, there are two different views: 
· Option 1: ACK/NACK bundling is supported for TDD;

Supported by: Panasonic (for DL HARQ in TDD), Nokia, Sony, Huawei, HiSilicon (for CE mode A), LG.

· Option 2: ACK/NACK bundling is not supported for TDD;

Supported by: Ericsson, Samsung, Nokia, Intel, CATT (legacy bundling is supported), ZTE, ALU
Proposals
Proposal 5 On supporting ACK/NACK bundling for TDD, decide between the following alternatives:
· Alternative 1: ACK/NACK bundling is supported for TDD;

· Alternative 2: ACK/NACK bundling is not supported for TDD;

Question 5-2: Should bundling of ACK/NACK for multiple PDSCH transport blocks be supported for FDD? If yes, how to define the bundling? 

	Company
	Comments

	Ericsson
	For Rel-13 LC/CE UEs, ACK/NACK bundling is not defined for FDD.

	Samsung
	TBD – ideally yes, if possible within Rel-13 completion timeline. Depends on method used to enhance data rates – DCI enhancement is needed.

	
	

	Nokia
	It’s not necessary, there are enough uplink subframes to transmit the HARQ-ACK for FDD.



	Sony
	We see the benefits of ACK / NACK bundling for HD-FDD, but have concerns about the amount of discussion that will be required to reach all the agreements on this. Same subframe scheduling would be an alternative method of increasing peak rates for HD-FDD.

	LG
	According to the agreement, UE is not required to support simultaneous reception of more than one transport block for unicast transmission in a subframe. It means that at least when repetition number of PUCCH is comparable with that of PDSCH, ACK/NACK for multiple PDSCH transport blocks can be overlapped in time. In general, PDSCH will convey relatively large amount of data compared to PUCCH format 1a. In other words, this happens rarely, so there is no need to handle this. 

	Intel
	While it could be useful for HD-FDD peak data rate improvement, we have concerns on finalizing this within Rel-13 time-frame.

	CATT
	Can be considered for HD-FDD to improve DL data rate.

	ZTE
	Agree with Ericsson. Considering that peak data rate is not one of objectives for Rel-13 eMTC, and additional specification work will be caused, defining ACK/NACK bundling for FDD is not necessary.

	ALU
	For Rel-13 LC/CE UEs, ACK/NACK bundling is not defined for FDD.

	
	


Summary:

On ACK/NACK bundling for FDD, the majority view is: 
· ACK/NACK bundling is not supported for FDD;

Supported by: Ericsson, Nokia, Sony, LG, Intel, ZTE, ALU.

Other views:

CATT: ACK/NACK bundling is supported for HD-FDD;
Proposals
Proposal 6 ACK/NACK bundling is not supported for FDD.
2.6 Question 6: RRC parameter “PUCCH narrowbands indication”

Question 6: Is this RRC parameter needed or it can be derived from other parameters/signaling? If needed, should the parameter be level-specific?
	Company
	Comments

	Ericsson
	No explicit RRC parameter “PUCCH narrowband indication” is necessary. PUCCH narrowbands indication is derived implicitly from other parameters/signalling, e.g., “Starting offsets of the PUCCH resource.”

	Samsung
	Narrowband definition is needed for PUCCH as for all other UL signalling (including in UL DCI). Offset can be within the indicated narrowband. Less signalling overhead is required than for arbitrarily addressing the whole bandwidth (same as for resource allocation in UL DCI) 

	Panasonic
	RRC parameter is needed and it is indicated by MTC SIB. In addition, it should be CE level-specific.

	Nokia
	This parameter could be configured for all CE levels, and which narrowband region for the first PUCCH transmission need to inform to UE.

	Sony
	RRC indicated.  Furthermore the specific PRBs need also be indicated.

	Huawei, HiSilicon
	The parameter “PUCCH narrowbands indication” is needed and does not need to be level specific.  

The value set of this parameter is preferred to be 0, 1, ..., 7 (with the maximum depending on the system bandwidth), considering the narrowbands for PUCCH to hop between are symmetrical to the center of the system bandwidth.
The starting offset of the PUCCH resource could only address the resources within the PUCCH narrowbands, thus the signalling overhead is saved especially when the offset is per level configured. 

	LG
	Starting offset can be used instead of narrowband indication in our view. Separate starting offset can be configured per CE level. No explicit configuration of narrowband is necessary. 

	Intel
	No explicit indication is necessary. Starting offset w.r.t. band edge should suffice.

	CATT
	Same view as Ericsson.

	ZTE
	Agree with Samsung. In order to reduce overhead of another cell-specific and CE level-specific parameter “Starting offsets of the PUCCH resource”, the cell-specific parameter “PUCCH narrowband indication” is necessary. The narrowband region for PUCCH transmission is known to UEs.

	ALU
	RRC parameter is needed and it is explicitly indicated by the MTC SIB. In addition, it should be CE level-specific.  

	NEC
	This parameter should be configured/signalled per CE level in SIB.

	
	


2.7 Question 7: RRC parameter “Number of PUCCH repetitions”

Question 7: Is this RRC parameter needed or it can be derived from other parameters/signaling? If needed, what should be the value set of this parameter? What should be the default value of this parameter? 

One can also comment on collision between repetition of one PUCCH and repetition of another PUCCH, if this is believed to be a problem.
	Company
	Comments

	Ericsson
	The value set for number of PUCCH repetitions should be signalled semi-statically over the RRC. In coverage Mode A, the PUCCH repetition factor value set has the values, for example, {1,2,4,6}; and in Mode B, the PUCCH repetition value set has the values, for example, {6,12,18,24}.
See Table 1 in R1-156415.

	Samsung
	{1, 2, 4, 8} for Mode A, {4, 8, 16, 32} for Mode B

	Panasonic
	Yes, this RRC parameter is needed. We consider following two option on the value set of this parameter:

- Option 1: 3 bits like {1, 2, 4, 8, 16, 32, FFS, FFS}. 

- Option 2: 2 bits and CE mode A support 1 to 8 and mode B support 8 to 32.

	Nokia
	This parameter is needed. The value could be in the range of [2, 4, 8, 16].

	Sony
	RRC configured since the PUCCH size is fixed (i.e. a repetition can be linked to each format for each CE level).

	Huawei, HiSilicon
	RRC parameter is needed for “Number of PUCCH repetitions”. We prefer cell specific and CE level specific for this parameter. Otherwise, if it is defined for each CE mode, separate configuration is needed for the feedback of Msg4 when RRC connected is not established. The default value of this parameter can be 1.

	LG
	We consider RRC signaled repetition number for PUCCH is necessary. 

	Intel
	We prefer direct indication of the repetition numbers via dedicated RRC. For Contention Resolution (and possibly) RRCConnectionSetup messages, this can be handled separately – e.g., by using or mapping from the repetition level for Msg3 transmission, etc.

	CATT
	RRC signaling is needed. For PUCCH repetition number for msg 4, it is preferred to configure the number of PUCCH repetitions per PRACH CE level in MTC-SIB. For other PUCCH, it can be configured on a per CE level basis or on a per UE basis.

	ZTE
	CE mode A/B is known to UEs. It is preferable that the value sets for number of PUCCH repetitions are defined for mode A and B. The range could be {1, 2, 4, 6} for mode A, and the range could be {6, 12, 18, 24} for mode B. In addition, the value sets which are different from FDD may be considered for TDD.

	ALU
	RRC signaled repetition number for PUCCH is necessary.  Prefer 2 sets of repetitions defined, one for Mode A e.g. {1, 2, 4, 8} and one for Mode B e.g. {4, 8, 16, 32}

	
	


Summary:

· Companies have similar view on the approximate value ranges, although the exact values vary. Two value sets that have multiple companies supporting it are:
· Alternative 1: {1,2,4,6} for CE mode A, {6,12,18,24} for CE mode B.
· Alternative 2: {1,2,4,8} for CE Mode A, {4,8,16,32} for M CE ode B

Proposals
Proposal 7 RRC parameter “Number of PUCCH repetitions” value range is according to one of the following two alternatives:
· Alternative 1: {1,2,4,6} for CE mode A, {6,12,18,24} for CE mode B.
· Alternative 2: {1,2,4,8} for CE Mode A, {4,8,16,32} for M CE ode B

2.8 Question 8: RRC parameter “Starting offsets of the PUCCH resource”

Question 8: What should be the value set of this parameter? What should be the default value of this parameter?
	Company
	Comments

	Ericsson
	Same value set as that of EPDCCH: INTEGER (0..2047). No need to define default value.

	Samsung
	For consistent operation with other DL/UL channels, narrowband is defined (3 bits or less – at most half the BW needs to be addressed). Within the narrowband, either 3 bits to indicate PRB (cannot multiplex HARQ-ACK/SR for different CE levels in same PRB) or, if signalling overhead is tolerated, 7 bits to indicate one of 18x6=108 resources. 

	Panasonic
	There are 36 PUCCH format 1a resources in a PRB pair. If full flexibility is kept in a PRB pair, 36*6=216 entries (8 bits) are required. If narrowband index is 9 entries of 4 bits (110/2/6), the sum is 12 bits. On the other hand, Rel.8 way of the signalling is just 0 to 2047 entries of 11 bits. Although we agreed to use separate index between narrowband and PUCCH location, just to reuse legacy way of the signalling may be better.

	Nokia
	The starting offsets of PUCCH resource could be per CE level, the value range can be determined by RAN2.

	Sony
	The meaning of “starting offsets of the PUCCH resource” needs to be clarified. Is this offset from the indicated narrowband in Question 6 or is this something else?

Any such offset should probably be RRC configured. 


	Huawei, HiSilicon
	The value set of “Starting offsets of the PUCCH resource” is [0,1,…, (number of PUCCH resources within a PRB*6PRBs within a narrowband*2 narrowbands for hopping)-1]. This parameter only addresses the resources within the PUCCH narrowbands. If number of PUCCH resources within a PRB is 18, 8 bits are required per level. The default value of this parameter can be 0.

	LG
	Agree with Nokia. 

	Intel
	Agree with Ericsson.

	CATT
	Agree with Ericsson.

	ZTE
	Considering the available resources in a narrow band region, INTERGER (0..255) , i.e., 8 bits, will be sufficient. When there is no indication of “starting offsets of the PUCCH resource” related to PUCCH repetition levels in SIB1bis, all the PUCCH repetition levels may share default starting offset “0”.

	ALU
	Agree with Nokia.

	NEC
	Agree with Samsung, assuming the narrowband index is also signalled, the starting offset of the PUCCH resource within a narrowband is one of 6x18=108 resources (7 bits).

	
	


Summary:

· RRC parameter “Starting offsets of the PUCCH resource” (Question 8) is related to RRC parameter “PUCCH narrowbands indication” (Question 6). Combining the two discussion, there are two alternatives:
· Alternative 1: RRC indicates a narrowband; RRC further indicates a starting offset which is defined within the narrowband

· Alternative 2: RRC indicates a starting offset which is defined within the whole system bandwidth; narrowband of PUCCH is implicitly determined from the starting offset 
Proposals
Proposal 8 Choose one of the following Alternatives for PUCCH resource determination.
· Alternative 1: RRC indicates a narrowband; RRC further indicates a starting offset which is defined within the narrowband
· Alternative 2: RRC indicates a starting offset which is defined within the whole system bandwidth; narrowband of PUCCH is implicitly determined from the starting offset
2.9 Question 9: RRC parameter “PUCCH resource for Msg4 feedback”

Question 9: Is this RRC parameter needed, or PUCCH resource for Msg4 can be implicitly derived without collision?  If needed, (a) what should be the value set of this parameter? (b) what should be the default value of this parameter?

	Company
	Comments

	Ericsson
	Same mechanism for determining PUCCH resource for Msg4 feedback as that of regular PUCCH resource determination. The RRC parameter “PUCCH resource for Msg4 feedback” is introduced in MTC SIBx to provide the PUCCH resource starting offset of the M-PDCCH that schedules Msg4.

	Samsung
	No additional signalling (with considerable signalling overhead per CE level) or any special handling is needed for Msg4. Can re-use starting offsets from SIB for PUCCH resource.

	Panasonic
	PUCCH resource for Msg4 related configurations are given by SIBs for each level.

	Nokia
	PUCCH resource can be implicit derived, like Rel.8. For normal coverage UE, the resource collision can be avoided by the ECCE index. For larger coverage UE, resource collision can be avoided by scheduling.

	Sony
	PUCCH resource is derived as with other PDSCH.

	Huawei, HiSilicon
	For PUCCH resource of Msg4 feedback, the narrowband regions as well as start offsets configured by SIB are known when the UE sends Msg4 feedback. Higher layer configured dedicated parameter is needed for explicit resource configuration for CE or to avoid collision which can be carried in RAR. The value set of the higher layer configured dedicated parameter could be the same as the parameter in Q8.


	LG
	Same handling to other PDSCH case. 

	Intel
	Same handling as regular PDSCH scheduling via M-PDCCH. PUCCH resource is derived from M-PDCCH, and as mentioned in our response to Q2.2, the indexing of the nECCE should incorporate the NB-location to avoid PUCCH collisions due to different DL NBs being mapped to same PUCCH resource for M-PDCCH in the CSS (e.g., HARQ-ACK feedback in response to Msg4 or RRCConnectionSetup message scheduling).

	CATT
	Same handling as other cases.

	ZTE
	For Msg4, the cell-specific and CE level-specific parameter “starting offsets of the PUCCH resource” can be re-used. For mode A, PUCCH resource for Msg4 can be implicitly derived as that of regular PUCCH resource determination. For mode B, PUCCH resource for Msg4 can be indicated in RAR.

	ALU
	Support Samsung view.

	
	


Summary:

· PUCCH resource determination for Msg4 is related to PUCCH resource of regular PDSCH (Question 3, Question 6, Question 8).

· Majority view on RRC parameter “PUCCH resource for Msg4 feedback” is: 
· PUCCH resource for Msg4 uses same handling as PUCCH resource determination of regular PDSCH;

Supported by: Ericsson, Samsung, Nokia (for CE mode A), Sony, LG, Intel, CATT, ZTE (for CE mode A), ALU.

· Views on how to obtain parameters used in PUCCH resource derivation
· No additional RRC signalling for Msg4: 

· Samsung, Nokia, Intel, ZTE (for Mode A), ALU
· PUCCH resource for Msg4 can be indicated by SIB:

· Ericsson, Panasonic
· PUCCH resource for Msg4 can be indicated in RAR:
· Huawei, HiSilicon, ZTE (for Mode B)
Proposals
Proposal 9 PUCCH resource for Msg4 uses same handling as PUCCH resource determination associated with regular PDSCH.
Proposal 10 For “PUCCH resource for Msg4 feedback”, 
· Decide among three alternatives:
· Alternative 1: a dedicated RRC parameter in SIB;
· Alternative 2: a dedicated field in RAR;
· Alternative 2: Implicit derivation without introducing parameter/field dedicated to Msg4 feedback;
· Decide if different mechanisms are necessary for CE mode A and mode B;
2.10 Question 10: How should Scheduling Request (SR) repetitions be transmitted in time?

· Option 1: SR repetition is only transmitted in the SR transmission instances

· Option 2: SR repetition is transmitted in continuous UL subframes from the starting subframe

· Option 3: SR repetition is transmitted via intermittent repetition based on SR configuration

	Company
	Comments

	Ericsson
	Prefer Option 1.

	Samsung
	Option 2 - same as for A/N with continuous repetitions in continuous valid UL SFs.

	Panasonic
	We have a preference to use Option 2 or Option 3 considering the performance benefit of symbol level combining.

	Nokia
	Option 2 is preferred. 

	Sony
	Option 2.

	Huawei, HiSilicon
	Prefer option 2, defined on valid UL subframes, but with starting subframes limited in a way similar to existing SR configuration options, with possible adjustments to take account of the number of repetitions.

	LG
	We prefer Option 2 considering SR latency and potential collision between HARQ-ACK and SR. If we consider Option 1 and simultaneous transmission of HARQ-ACK and SR, UE need to change PUCCH resource multiple times during the single HARQ-ACK repetition.

	Intel
	Prefer Option 1.

	CATT
	Both option 1 and option 2 are fine with us.

	ZTE
	Agree with Samsung. Considering that continuous subframes are also used for HARQ-ACK repetitions, Option 2 could be beneficial for SR and HARQ-ACK sharing the same repetition times to ensure better resource alignment for Rel-13 low complexity UEs in enhanced coverage. So Option 2 is preferable.

	ALU
	Prefer Option 1.

	
	


Summary:

· On SR repetition, majority view is: 
· Option 2: SR repetition is transmitted in continuous UL subframes from the starting subframe
Supported by: Samsung, Panasonic, Nokia, Sony, Huawei, HiSilicon, LG, CATT, ZTE.
Other view:
· Option 1 is supported by Ericsson, Intel, ALU.

Proposals
Proposal 11 SR repetition is transmitted in continuous UL valid subframes from the starting subframe.
3 Conclusions and Proposals:
The proposals listed above are grouped repeated below:

Proposals:
PUCCH formats

· PUCCH format 1b/2b/3 are not supported by Rel-13 LC/CE UE.
· For CE mode A, LC/CE UE supports PUCCH format 1/1a/2/2a only; For CE mode B, LC/CE UE supports PUCCH format 1/1a only.
PUCCH resource determination
· Implicit resource derivation for PUCCH format 1a is based on associated M-PDCCH for both CE mode A and mode B.
· Choose one of the following alternatives for PUCCH resource determination.
· Alternative 1: RRC indicates a narrowband; RRC further indicates a starting offset which is defined within the narrowband
· Alternative 2: RRC indicates a starting offset which is defined within the whole system bandwidth; narrowband of PUCCH is implicitly determined from the starting offset
· ARO for large CE is according to one of the following two alternatives:
· Alternative 1: ARO, the same as that of EPDCCH, is defined for CE mode B.

· Alternative 2: No ARO
“PUCCH resource for Msg4 feedback”

· PUCCH resource for Msg4 uses same handling as PUCCH resource determination associated with regular PDSCH.
· Decide among three alternatives:
· Alternative 1: a dedicated RRC parameter in SIB;
· Alternative 2: a dedicated field in RAR;
· Alternative 2: Implicit derivation without introducing parameter/field dedicated to Msg4 feedback;
· Decide if different mechanisms are necessary for CE mode A and mode B;
Number of PUCCH repetitions

· RRC parameter “Number of PUCCH repetitions” value range is according to one of the following two alternatives:
· Alternative 1: {1,2,4,6} for CE mode A, {6,12,18,24} for CE mode B.
· Alternative 2: {1,2,4,8} for CE Mode A, {4,8,16,32} for M CE ode B
ACK/NACK bundling
· ACK/NACK bundling is not supported for FDD.
· On supporting ACK/NACK bundling for TDD, decide between the following alternatives:
· Alternative 1: ACK/NACK bundling is supported for TDD;

· Alternative 2: ACK/NACK bundling is not supported for TDD;
SR repetitions
· SR repetition is transmitted in continuous UL valid subframes from the starting subframe.
4 Annex: Existing Agreements and Working Assumptions
RAN1#82bis

Agreements:
· For LC UEs and UEs operating CE, PUCCH formats 1/1a/2/2a are supported, and the PUCCH resource is derived the same way as in LTE Rel-12, except the following:

· The detailed implicit resource derivation for PUCCH format 1a is FFS

· FFS ARO for large CE
· FFS PUCCH format 1a under large CE 
· FFS the association of the PUCCH formats with the CE mode
RAN1#82
Agreements:
· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level

· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)

· FFS whether or not to have default value(s) for some repetition level(s)

· FFS how to determine a PUCCH repetition level for a UE
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