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1 Introduction
This contribution summarizes the discussion on remaining issues of PUCCH for eMTC.
2 Discussion

2.1 “Number of PUCCH repetitions” for HARQ response to RACH Msg4
It has been pointed out that “Number of PUCCH repetitions” for HARQ response to RACH Msg4 is not available, since this is before UE receives the UE-specific RRC parameter “Number of PUCCH repetitions”.
The following options are provided by companies:

Option A. Use the “Number of Repetitions for Msg3 PUSCH” field in Random Access Response Grant to look up the “Number of PUCCH repetitions” for HARQ response to Msg4. [1]
a. Further consideration: one look-up table for PRACH CE level 0 or 1; another look-up table for PRACH CE level 2 or 3:
Option B. The number of repetitions used by the LC/CE UE to send Message 4 HARQ feedback on the PUCCH, is equal to the number of repetitions used to send message 3 on the PUSCH. [4]
Option C. The number of repetitions used by the LC/CE UE to send Message 4 HARQ feedback on the PUCCH, is offset by a fixed relationship (e.g. the next lowest repetition level) from the number of repetitions used to send message 3 on the PUSCH. [4]
Option D. A separate RRC signalling for “Number of PUCCH repetitions” for PUCCH in response to PDSCH containing Msg 4 [2]
	Company
	Company View

	Ericsson
	Option A. 
In general, we are supportive of deriving this “Number of PUCCH repetitions” based on number of repetitions used in transmission of RACH Msg1-Msg4. Option A takes into account all factors including being CE level specific as mentioned in [3]. The look-up tables are shown in R1-160258.

	Samsung
	Option D. It is simple, robust, and follows the same principle as for the rest of the A/N transmissions. We have concerns how options A-C will work in practice and would like to avoid linking performance of different channels.

	Panasonic
	Option D. We are not so sure whether message 3 is 56 bits in the future (or current ) releases based on the discussion of Message 3 size discussion of NBIOT. If uplink data size (similar to BSR) is indicated in Message 3, the amount of the interaction can be reduced and power consumption of eMTC can be reduced. In such case, message 3 repetition increases even the same channel condition. To have the flexibility between Message 3 repetition and PUCCH repetition for message 4 is future proof.
In addition, it should clarified that this discussion is applied only when "the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its Temporary C-RNTI". 

	Lenovo
	Option D.

	NOKIA/ALU/ASB
	We can support option A provided there is evidence to back up the LUT values .  Note, we see option A as a refinement of option C,

	Sony
	Option D.  This configured repetition can be used for subsequent PDSCH ACK/NACK (until it is reconfigured).

	LG
	If Option D, RRC signaling refers configuration via “SIB”, we support Option D. UE-specific RRC signaling is not preferred. 

	Huawei, HiSilicon
	We support option D and the RRC configuration is via MTC-SIB per CE level. There is no reason to refer to other channels from either performance benefits or simplicity perspective. 

	Intel
	Agree with Huawei: OK with Option D, but it should be clarified to say that MTC-SIB per CE level. Further, the same number of repetitions of PUCCH for HARQ-ACK feedback in response to any subsequent PDSCH transmissions is used until a valid RRC configuration with the PUCCH repetition number is received. 

	Sequans
	We support option A. based on LUT values we believe there is enough flexibility to select the proper repetition number. 

	MediaTek
	Ok for Option D. But probably it is too late to introduce the new signaling. Instead, the number of repetitions could be fixed in the spec for Msg 4 PUCCH repetitions according to CE level. Alternatively, it can be 32 for all CE levels since it is only used for Msg 4 PUCCH repetitions. Later UE can read Msg4 to get the new configuration for PUCCH repetitions. 


Summary / Recommendation for Issue 1:

“Number of PUCCH repetitions” for HARQ response to RACH Msg4 is defined using one of the two alternatives below:

· (Option A) Use the “Number of Repetitions for Msg3 PUSCH” field in Random Access Response Grant to look up the “Number of PUCCH repetitions” for HARQ response to Msg4.
· Proposal 1 of R1-161241 provides a detailed version of Option A: 

· R1-161241, “WF on Number of Repetitions for PUCCH for eMTC,” Ericsson, Nokia, ALU, ASB, Sequans, Qualcomm, MediaTek

· (Option D) A separate RRC parameter for “Number of PUCCH repetitions” for PUCCH in response to PDSCH containing Msg 4. The RRC parameter is sent via MTC-SIB per CE level.
· Note: it has been pointed out that Option D requires reversing an agreement from RAN1#83.
2.2 Separate number of repetitions for different PUCCH formats and different PUCCH contents
[2] and [3] raised the issue of introducing separate RRC parameters for number of repetitions of different PUCCH variations, including different PUCCH formats and different PUCCH contents.
Proposal A [3]: Discuss the need of the separate number of repetitions for format 2/2a compared with format 1a. 
Proposal B [2]: Define separate RRC signalling for:

· PUCCH for SR
· PUCCH for CSI
· PUCCH for PDSCH containing message 4 (covered in section 2.1)
	Company
	Company View

	Ericsson
	Not supportive of introducing separate RRC parameters for configuring different number of repetitions for different PUCCH format. 
On the other hand, we are open to discuss if there is a need to adjust the number of PUCCH repetitions according to PUCCH format and CQI size without introducing RRC parameters for each case. For example, using concepts similar to 
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	Samsung
	Proposal B. Similar reasons as for 2.1

	Panasonic
	PUCCH for SR would be ok to the same as PUCCH for ACK/NACK.
PUCCH for CSI is addressed by proposal A or B should be discussed. We'd like to hear other company's views.

	Lenovo
	Proposal B, separate RRC parameters of PUCCH repetitions for HARQ-ACK for PDSCH no containing Msg4, SR, P-CSI, and HARQ-ACK for PDSCH containing Msg4. 

	NOKIA/ALU/ASB
	We have a slight preference for predefined rules over additional RRC signaling, to define the repetition levels for different PUCCH contents/formats.

	Sony
	The repetition for the other PUCCH formats can be inferred from that used for ACK/NACK (format 1a) since the payloads for the different PUCCH formats is constant.

	LG
	We slightly prefer repetition number of other PUCCH formats is derived from the configured repetition number for PUCCH format 1a.  

	Huawei, HiSilicon
	Option B

	Intel
	Agree with Panasonic, that for SR, same repetitions as for A/N can be used. For format 2/2a, it could be derived from that for format 1/1a.

	Sequans
	We support no separate RRC parameter. Nokia proposal to have predefined rules or Ericsson’s proposal to define an offset is preferred. 

	MediaTek
	Maybe no need of any new signalings. Instead, the repetition number for different PUCCH formats can be derived from the signaled pucch-NumRepetitionCE because of the fixed payload sizes.


Summary / Recommendation for Issue 2:

Proposal based on majority view:

· PUCCH format 1/1a use pucch-NumRepetitionCE parameter. PUCCH format 2/2a use a number of repetitions derived from that of PUCCH format 1/1a
· Above is also Proposal 2 of R1-161241: 

· R1-161241, “WF on Number of Repetitions for PUCCH for eMTC,” Ericsson, Nokia, ALU, ASB, Sequans, Qualcomm, MediaTek

Note: 4 companies support Proposal B. 
2.3 Missing RRC Parameters related to PUCCH
[3] raised the issue that the following parameters are missing from RRC parameter list:

· Starting offsets of the CQI-PUCCH resource
· simultaneousAckNackAndCQI
· deltaPUCCH-Shift
· nRB-CQI
· nCS-AN
· sr-PUCCH-ResourceIndex
· sr-ConfigIndex
· SRS related configurations
· SPS related configurations
· tpc-PDCCH-ConfigPUCCH, tpc-PDCCH-ConfigPUSCH
· Power control related configurations of cell common
· Power control related configurations of dedicated configuration
	Company
	Company View

	Ericsson
	We do not consider these RRC parameters as missing.

In general RRC parameters that have been valid in earlier releases are also valid in future releases. Other than bandwidth and data unit size limitation, there is nothing that prevents sending Rel-8 RRC parameters to eMTC UEs. Hence there is no need to list legacy RRC parameter one-by-one for eMTC UEs. If necessary, generic agreements similar to the following can be made.

· LAA/Dual-connectivity/CA/eIMTA/D2D/MIMO(except for TMs agreed) –specific RRC parameters are not applicable to LC/CE UEs.
· RRC parameters applicable to UL/DL Category 0 UEs are applicable to UL/DL Category M1 UEs, unless otherwise stated.

	Samsung
	These RRC parameters are missing, at least with respect to the current RRC specs for MTC. RRC parameters for Cat.0 UE can be assumed applicable unless redundant ones or additional ones are identified.

	Panasonic
	To have generic agreement of Cat.0 RRC parameters are ok but RAN1 is allowed to have the discussion on which parameters are "unless otherwise stated". 
We are not sure the need and how these are used for "nRB-CQI" and "nCS-AN", which is for the multiplexing of PUCCH for ACK/NACK and CQI in the same PRB. If these are used, which CE level's PUCCH ACK/NACK is influenced needs to be discussed.

	Lenovo
	Without any explicit agreements and specification, the existing IEs are also applicable to Rel-13 LC/CE UEs. Therefore, the parameters listed above are not missing in our understanding.

For simultaneousAckNackAndCQI, we should discuss whether/when this parameter can be configured to a Rel-13 LC/CE UE. Our view is that when the maximum number of PUCCH repetition is 1 (for both HARQ-ACK and P-CSI if separate RRC parameter is introduced as discussed in section 2.2), then this parameter can be set to TRUE; otherwise, this parameter cannot be set to TRUE for Rel-13 LC/CE UEs.

	NOKIA/ALU/ASB
	In general we support generic clarification statement(s) in the specifications to confirm what RRC parameters can and cannot be applied to LC/CE UEs. 

	LG
	Without any explicit agreement and specification, we consider existing RRC parameters can be applied to Rel-13 LC/CE UEs. However, it is good to clarify which parameters are not supported and supported. 

	Huawei, HiSilicon
	Agree with Nokia.

	Intel
	OK to clarify.

	Sequans
	OK to clarify which are supported/not-supported, but our understanding is no need for new set of parameters. 

	MediaTek
	Good to clarify it.


Summary / Recommendation for Issue 3:

Proposal based on majority view:
· Conclusion: Without any explicit agreements and specification, IEs existing in earlier releases are also applicable to Rel-13 LC/CE UEs. Such IEs are not considered missing.
· Clarifying statements are recommended. Examples:

· RRC parameters for UL/DL Category 0 UEs can be assumed applicable to UL/DL Category M1 UEs unless redundant ones or additional ones are identified.
· LAA/Dual-connectivity/CA/eIMTA/D2D/MIMO(except for TMs agreed) –specific RRC parameters are not applicable to LC/CE UEs.

2.4 Power control of PUCCH
[2] and [3] raised the issue of power control for PUCCH carrying information other than ACK/NACK (i.e., SR and CSI). [3] has the following proposal on power control of PUCCH.

Proposal: Similar to legacy, 
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	Company
	Company View

	Ericsson
	Supportive of keeping 
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	Samsung
	Assuming that RRC configuration is provided for the legacy parameters, the current version of the specifications CR is clear and sufficient.

	Panasonic
	If topic 2.2 concludes to have separate number of the repetitions by RRC, how difference of the number of the repetition influences to the power control needs to be discussed.

	Lenovo
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	NOKIA/ALU/ASB
	Support keeping legacy method for deriving PUCCH power control.

	Sony
	OK with the proposal.

	LG
	Ok

	Huawei, HiSilicon
	Support the proposal.

	Intel
	OK with the proposal.

	MediaTek
	OK with the proposal supposing it is only applied for CE Mode A.


Summary / Recommendation for Issue 4:
Consensus:

· Similar to legacy, 
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Further discuss how to account for the number of repetitions for PUCCH.

2.5 ACK/NACK bundling for TDD in CE Mode A
[4] raised the issue that the existing agreement significantly complicates the specification when PDSCH is repeated.

RAN1#83 agreement:
· In CE Mode A, 

· ACK/NACK bundling is supported for PDSCH in TDD
[4] has the following proposal:
Proposal 9 in [4]: For TDD and Rel-13 eMTC UEs in CEMode_A, HARQ-ACK bundling is supported only when PDSCH and MPDCCH is configured to NOT repeat.
	Company
	Company View

	Ericsson
	Agree with the proposal

	LG
	We need to understand the complication to support A/N bundling with R > 1 for PDSCH. 

	Huawei, HiSilicon
	If the main concern to shrink the scope of the agreed function of TDD is the specification complexity, we would like to encourage reading the text proposal in our contribution R1-160752 to discuss whether/how it works(with further modification if needed).

	Intel
	Agree with the proposal

	Sequans
	Agree with the proposal

	MediaTek
	Agree with the proposal which is similar to the agreement for ACK/NACK multiplexing.


Summary / Recommendation for Issue 5:
Proposal based on majority view:
· For TDD and Rel-13 eMTC UEs in CEMode_A, HARQ-ACK bundling is supported only when PDSCH and MPDCCH is configured to NOT repeat.
2.6 Value of 1 for pdsch-maxNumRepetitionCEmodeA-r13
[4] raised the issue that currently the RRC parameter pdsch-maxNumRepetitionCEmodeA-r13 takes value {8, 16, 32}, and it cannot take  value 1. This makes it difficult to specify the condition “when PDSCH is configured to NOT repeated” for the purpose of specifying ACK/NACK bundling / multiplexing in PUCCH of TDD.
[4] has the following proposal:
Proposal 11 [4]: The parameter pdsch-maxNumRepetitionCEmodeA-r13 can take a value of 1.

	Company
	Company View

	Ericsson
	Since this need is limited to TDD, OK to introduce value 1 for TDD.

	LG
	We first need to understand issues before agree either way.

	Huawei, HiSilicon
	Our understanding of the question is that “configured” is not interpreted as DCI indication so needs RRC parameter  update as current RRC signaling a set of repetition numbers. However, an alternative is that following the current 36.213 as:
For a LC/CE UE configured with CEModeA, if HARQ-ACK multiplexing is configured for HARQ-ACK feedback, the UE is not expected to receive a PDSCH transmitted in more than one subframe, and HARQ-ACK multiplexing is performed according to the set of Tables 10.1.3-5/6/7.

In this way it can restrict PDSCH repetition number regardless the configured value of PDSCH repetition number, although in fact this is not “configured” as per agreement but “restricted” way.
If this is technically Ok we think no need to change anything.

	MediaTek
	Support the proposal for TDD.


Summary / Recommendation for Issue 6:
Majority view is not clear due to insufficient feedback on this issue (issue was circulated late). 
2.7 PUCCH repetition when configured with ACK/NACK multiplexing for TDD in CE Mode A

[4] raised the issue that PUCCH repetition significantly complicates the specification when ACK/NACK multiplexing is configured for TDD in CE Mode A.
RAN1#83 agreement:           
· In CE Mode A, 

· ACK/NACK multiplexing is supported only when PDSCH is configured to NOT repeated in TDD (using Rel-10 channel selection mapping table)
· When PDSCH is configured to be repeated, ACK/NACK multiplexing is not supported for TDD. This implies that a HARQ feedback only corresponds a single PDSCH TBS.
[4] has the following proposal:
Proposal 12 [4]: For TDD and a Rel-13 eMTC UE in CEMode_A and configured with HARQ-ACK multiplexing, the UE shall not be configured with PUCCH repetition.
	Company
	Company View

	Ericsson
	Agree with the proposal.

	LG
	Same as bundling

	MediaTek
	Similarly to the ACK/NACK bundling case.

	
	

	
	

	
	


Summary / Recommendation for Issue 7:
Majority view is not clear due to insufficient feedback on this issue (issue was circulated late). 
2.8 PUCCH format 2 for TDD

For TDD, [6] proposed to introduce PUCCH format 2 for simultaneously transmitting CSI and two spatially bundled HARQ-ACK bits. This is to address the issue that PUCCH format 2b is not supported by LC/CE UE.

[6] has the following proposal:

Proposal 4 [6]: LC/CE UEs use PUCCH format 2 to simultaneously transmit the CSI and two spatial bundled HARQ-ACK bits as specified in text proposal 2.
	Company
	Company View

	
	

	
	

	
	

	
	

	
	

	
	


Summary / Recommendation for Issue 8:
Majority view is not clear due to insufficient feedback on this issue (issue was circulated late). 
3 Summary
Issue 1: “Number of PUCCH repetitions” for HARQ response to RACH Msg4
Summary / Recommendation for Issue 1:

“Number of PUCCH repetitions” for HARQ response to RACH Msg4 is defined using one of the two alternatives below:

· (Option A) Use the “Number of Repetitions for Msg3 PUSCH” field in Random Access Response Grant to look up the “Number of PUCCH repetitions” for HARQ response to Msg4.
· Proposal 1 of R1-161241 provides a detailed version of Option A: 

· R1-161241, “WF on Number of Repetitions for PUCCH for eMTC,” Ericsson, Nokia, ALU, ASB, Sequans, Qualcomm, MediaTek

· (Option D) A separate RRC parameter for “Number of PUCCH repetitions” for PUCCH in response to PDSCH containing Msg 4. The RRC parameter is sent via MTC-SIB per CE level.
· Note: it has been pointed out that Option D requires reversing an agreement from RAN1#83.
Issue 2. Separate number of repetitions for different PUCCH formats and different PUCCH contents

Summary / Recommendation for Issue 2:

Proposal based on majority view:

· PUCCH format 1/1a use pucch-NumRepetitionCE parameter. PUCCH format 2/2a use a number of repetitions derived from that of PUCCH format 1/1a

· Proposal 2 of R1-161241 reflects above: 

· R1-161241, “WF on Number of Repetitions for PUCCH for eMTC,” Ericsson, Nokia, ALU, ASB, Sequans, Qualcomm, MediaTek

Note: 4 companies support Proposal B. 
Issue 3. Missing RRC Parameters related to PUCCH

Summary / Recommendation for Issue 3:

Proposal based on majority view:
· Conclusion: Without any explicit agreements and specification, IEs existing in earlier releases are also applicable to Rel-13 LC/CE UEs. Such IEs are not considered missing.
· Clarifying statements are recommended. Examples:

· RRC parameters for UL/DL Category 0 UEs can be assumed applicable to UL/DL Category M1 UEs unless redundant ones or additional ones are identified.
· LAA/Dual-connectivity/CA/eIMTA/D2D/MIMO(except for TMs agreed) –specific RRC parameters are not applicable to LC/CE UEs.

Issue 4. Power control of PUCCH 

Summary / Recommendation for Issue 4:
Consensus:

· Similar to legacy, 
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 are kept in PUCCH power control.

Further discuss how to account for the number of repetitions for PUCCH.
Issue 5. ACK/NACK bundling for TDD in CE Mode A
Summary / Recommendation for Issue 5:
Proposal based on majority view:
· For TDD and Rel-13 eMTC UEs in CEMode_A, HARQ-ACK bundling is supported only when PDSCH and MPDCCH is configured to NOT repeat.
Issue 6. Value of 1 for pdsch-maxNumRepetitionCEmodeA-r13
Issue 7. PUCCH repetition when configured with ACK/NACK multiplexing for TDD in CE Mode A
Issue 8. PUCCH format 2 for TDD
Summary / Recommendation for Issue 6-8:
Majority view is not clear due to insufficient feedback on these issues (issue was circulated late). 
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