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This contribution summarizes the companies’ views presented in the email discussion [76-06]. Please note that based on the email discussion, a Way Forward was agreed in R1-141064. 
1 Implicit PUCCH resource allocation for DL HARQ-ACK
Companies are invited to provide input on the following points:

· Q1: Should the same solution (“reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset”) as was agreed to be used for PDCCH also be used for EPDCCH? 

· Q2: How should the DL subframes be indexed (i.e. how should the DL association set indexing look like, see Table 10.1.3.1-1 in 36213 for non-eIMTA case as a reference)

· Q3: What shall be the exact equation for block interleaving for PDCCH?
· Q4: Any other related issues?
2 Summary

Q1:

Q1a: For EPDCCH, same subframe indexing is used as for PDCCH:
Yes:NSN, Nokia, NEC, Sharp, LGE, ZTE, CATT, Samsung, Ericsson, Intel, ALU, ASB
No: Qualcomm, Huawei, HiSilicon 

Q1b: RRC configured offset is also introduced for EPDCCH:

No: NSN, Nokia, NEC, Huawei, HiSilicon, Sharp, LGE, ZTE, Ericsson, Qualcomm, Intel

Yes: CATT, Samsung, ALU, ASB
Q2: 

Referring to the following types of subframes:

a) fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs, 

b) fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs, and 

c) flexible subframes. 

Q2a: According to the agreement from RAN1#76, the type b) and c) subframes are allocated separately from type a) subframes, and are separated by an RRC configured offset. How shall the subframes types b) and c) be indexed?

First b), then c):
NSN, Nokia, NEC, Sharp, LGE, CATT, Samsung, Ericsson, Intel

A Mix of b) and c):

Huawei, HiSilicon, ZTE, Qualcomm, ALU, ASB
Q2b: One point raised in the discussion was the option to have a further separate starting offset for type c) subframes. The companies view regarding this option are as follows: 

Separate starting point for type c) subframes:

Yes: NEC, LGE

No: NSN, Nokia, Huawei, HiSilicon, Sharp, ZTE, CATT, Samsung, Ericsson, Qualcomm, Intel, ALU, ASB
Q2c: Should the decision for PDCCH “and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset” from RAN1#76 be reverted? 

Yes: (an equation should be used for determining the offset  instead of RRC configuration): 
NEC, Sharp, Ericsson, Huawei, HiSilicon

No: LGE, ZTE, CATT, Samsung, Qualcomm, Intel

Neutral: NSN, Nokia, ALU, ASB
Q3:

Regarding the resource allocation equations, it seems that most companies saying “no” for Q2b are considering equations similar to the ones Sharp proposed:

For the first-type DL subframes, the existing formula is used, i.e. 
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For the second-type and the third-type DL subframes, the following formula is used. 
[image: image2.wmf]offset

c

c

type

rd

nd

p

N

N

n

N

m

N

m

M

n

+

+

+

×

+

×

-

-

=

+

-

(1)

PUCCH

CCE

1

3

/

2

)

~

,

1

(

PUCCH

)

1

(

0

.
Whether N_offset is RRC configured or an equation is addressed in Q2c.

Correspondingly, companies answering “yes”  to Q2b prefer having three equations similar to NEC and LGE:
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- PUCCH resource group B, for fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs
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- PUCCH resource group C, for flexible subframes
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As for the exact mapping table, it appears that supporters of “First b), then c)” approach in Q2a would most probably be OK (?) with the modified tables by Sharp. Correspondingly, supporters of “A Mix of b) and c)” are probably ok with tables by Huawei/ HiSilicon and ZTE, which are nearly the same.
One company also proposed that block interleaving should not be applied for type c) subframes (NEC)

One company also proposed not to support implicit HARQ-ACK resource allocation in the case of DL HARQ reference configuration #5 (CATT). Since this point relates closely to another email discussion [76-07], this issue should be clarified after the issue in [76-07] has been decided.
Q4:

Two main alternatives were identified for HARQ-ACK bit indexing:

· Option 1: The order of HARQ-ACK bits is determined according to the original downlink association set index
[image: image6.wmf]K

in Table 3 which is the same as in current 36.213, 
· Supported by Huawei, HiSilicon, ZTE, CATT, Samsung, Ericsson, Qualcomm
· Option 2: In addition to PUCCH resource allocation, agreed DL association set indexing tables are also used for determining the order of HARQ-ACK bits.
· Supported by NSN & Nokia (also ok with Option 1), NEC, Sharp, LGE, Intel
It was pointed out that with PUCCH format 3 the HARQ-ACK bit ordering does not depend on the DL association set indexing at all and the legacy solution is applicable as such. For PUCCH Format 1b with channel selection it seems more discussion is needed.
Appendix:

Replies provided over 3GPP RAN1 email reflector:

	Company name
	Views

	NSN, Nokia
	Q1. As block interleaving is not applied on EPDCCH, there is no need for an RRC configured offset. The existing formulas can be used as such with proper subframe indexing see Q2 & Q3.
Q2. There are basically three types of DL subframes in eIMTA: 

a) fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs, 

b) fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs, and 

c) flexible subframes. 

In line with the agreement in RAN1#76, the subframes in group a) are allocated to the same resources as the corresponding non-eIMTA UEs. To minimize PUCCH fragmentation (i.e. overhead), it makes sense to allocate the resources corresponding the subframes in group b) next, followed by the subframes in group c). This way the resources corresponding to flexible subframes (which are most likely vacant) are located in the innermost PUCCH resources towards the center of the band.

Q3. In our view, the simplest way to ensure that block interleaving works appropriately is to define two separate DL association set indexing tables for subframes where eIMTA and non-eIMTA UEs have the same (type a) above), or a different DL HARQ timing (type b), c)), respectively. By doing that, the exact implicit PUCCH resource allocation formula does not need to be changed (apart from addition of the RRC-configured starting point applied to the subframes in the second DL association set indexing table, i.e. type b) and c) subframes ).

The following tables (from R1-140544) are one way to do the indexing according to this principle. Here, the first table includes subframes belonging to group a), and uses the same resource allocation equation as in the current specs (
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 for PDCCH).  Correspondingly, the second group includes the subframes belonging to the groups b) and c) and uses the same equation, with the addition of the RRC configured starting point.

Table 1. Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the same timing

DL HARQ reference configuration
UL-DL
Configuration given by SIB-1

Subframe n

0

1

2

3

4

5

6

7

8

9

2

0

-

-

6

-

-

-

-

6

-

-

1

-

-

7,6 

-

-

-

-

7,6

-

-

2

-

-

8,7,4,6

-

-

-

-

8,7,4,6

-

-

3

Invalid

4

Invalid

5

Invalid

6

-

-

7

-

-

-

-

7

-

-

4

0

-

-

(6)

-

-

-

-

-

-

-

1

-

-

7, (6)

4

-

-

-

-

-

-

2

Invalid

3

-

-

7, (6), 11

6,5 

-

-

-

-

-

-

4

-

-

12, 8, 7, 11

6, 5, 4, 7

-

-

-

-

-

-

5

Invalid

6

-

-

7

7

-

-

-

-

-

-

5

0

-

-

6

-

-

-

-

-

-

-

1

-

-

7, 6

-

-

-

-

-

-

-

2

-

-

8, 7, 4, 6

-

-

-

-

-

-

-

3

-

-

7, 6, 11

-

-

-

-

-

-

-

4

-

-

12, 8, 7, 11

-

-

-

-

-

-

-

5

-

-

13, 12, 9, 8, 7, 5, 4, 11, 6

-

-

-

-

-

-

-

6

-

-

7

-

-

-

-

-

-

-

Table 2. Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have a different timing

DL HARQ reference configuration
UL-DL
Configuration given by SIB-1

Subframe n

0

1

2

3

4

5

6

7

8

9

2

0

-

-

7, 8, 4

-

-

-

-

7, 8, 4

-

-

1

-

-

8, 4 

-

-

-

-

8, 4

-

-

2

-

-

-

-

-

-

-

-

-

-

3

Invalid

4

Invalid

5

Invalid

6

-

-

6, 8, 4

-

-

-

-

6, 8, 4

-

-

4

0

-

-

12, 7, 11, 8

7, 6, 5, 4

-

-

-

-

-

-

1

-

-

12, 8, 11

7, 6, 5

-

-

-

-

-

-

2

Invalid

3

-

-

12, 8

4,7

-

-

-

-

-

-

4

-

-

-

-

-

-

-

-

-

-

5

Invalid

6

-

-

12, 11, 8

4, 6, 5

-

-

-

-

-

-

5

0

-

-

12, 7, 11, 13, 8, 4, 9, 5

-

-

-

-

-

-

-

1

-

-

13, 12, 8, 11, 4, 9, 5

-

-

-

-

-

-

-

2

-

-

13, 12, 9, 11,5

-

-

-

-

-

-

-

3

-

-

13, 12, 5, 4, 8, 9

-

-

-

-

-

-

-

4

-

-

13, 5, 4, 6, 9

-

-

-

-

-

-

-

5

-

-

-

-

-

-

-

-

-

-

6

-

-

13, 12, 11, 6, 8, 4, 9, 5

-

-

-

-

-

-

-

In the case of EPDCCH, since block interleaving is not applied, a single table is sufficient. This can be simply constructed by combining the two tables above, so that for each entry, the subframe indices from the upper table come first, followed by the corresponding indices in the second table.
Q4: In addition to PUCCH resource allocation, above DL association set indexing tables are also used for determining the order of HARQ-ACK bits. 

	NEC
	Q1: For the case of EPDCCH, no new or the agreed solution for PDCCH from RAN1#76 for PUCCH resource allocation is needed. Nor we need a separate RRC configured offset. For EPDCCH, the existing implicit PUCCH resource indication is sufficient for eIMTA UEs. This is due to the PUCCH resource starting offset is UE-specific configured and additionally ARO can be also used to avoid collision of PUCCH resource between non-eIMTA and eIMTA UEs.

Q2: As suggested by NNSN, there are basically three types of DL subframes in eIMTA, and correspondingly, there are three separated PUCCH region.

In terms of the PUCCH allocation, we share the same view as NNSN - allocating PUCCH resources corresponding to the subframes in group B next to PUCCH resources for group A, and followed by PUCCH resource for group C. 

However, in terms of block interleaving, we would like to disable block interleaving for group C, since it is likely that some of flexible subframes are used as UL subframe and some of them are used as DL subframe. If block interleaving is used, then fragmented PUCCH cannot be used for PUSCH transmission.

Furthermore since PUCCH resource for each group are adjacent to each other, the agreed RRC signalling for PUCCH starting offset of group B and group C would not be necessary. It would be better to remove it from the agreements. If RRC signalling should still be included in the specification, it would be better to set the offset to the value as indicated in Q3, otherwise fragmented PUCCH would be created. Additionally, this RRC configuration would need to be UE-common so that all eIMTA UEs have the same understanding of the starting offset.
Q3: 
- PUCCH resource group A, for fixed subframes having the same HARQ timing for both eIMTA and non-eIMTA UEs, 


[image: image8.wmf](1)

PUCCH

CCE

1

)

~

,

1

(

PUCCH

)

1

(

0

N

n

N

m

N

m

M

n

c

c

A

p

+

+

×

+

×

-

-

=

+


- PUCCH resource group B, for fixed subframes having different HARQ timing for eIMTA and non-eIMTA UEs

[image: image9.wmf]B

offset

c

c

B

p

X

N

n

N

m

N

m

M

n

,

(1)

PUCCH

CCE

1

)

~

,

1

(

PUCCH

)

1

(

0

+

+

+

×

+

×

-

-

=

+

, where 
[image: image10.wmf]å

-

=

=

1

0

,

,

A

M

m

m

CCE

B

offset

N

X

, 
[image: image11.wmf]A

M

 is the size of group A.
- PUCCH resource group C, for flexible subframes
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 is the size of group B.

Table 1 of NEC. Subframe indexing for subframes eIMTA TDD system and legacy system

DL 
HARQ reference configuration
UL-DL
Configuration given by SIB-1

Subframe n

0

1

2

3

4

5

6

7

8

9

2

0

-

-

A={6} 

B={7} 

C={8,4}
-

-

-

-

A={6}  

B={7}  

C={8,4}
-

-

1

-

-

A={7,6} 
B={8} 

C={4}
-

-

-

-

A={7,6} 
B={8} 

C= {4}
-

-

2

-

-

A={8,7,4,6}
-

-

-

-

A={8,7,4,6}
-

-

3

Invalid

4

Invalid

5

Invalid

6

-

-

A={7} 
B={6} 

C={8,4}
-

-

-

-

A={7} 
B={8,6}

C= {4}
-

-

4

0

-

-

A={(6)}

B= {12,7,11} 

C= {8}
A={}

B={7} 

C={4,5,6}
-

-

-

-

-

-

1

-

-

A={7, (6)} 
B={12,8,11}

A={4} 
B={7} 

C={5,6}
-

-

-

-

-

-

2

Invalid

3

-

-

A={7, (6), 11}

B= {12} 

C= {8}
A={6,5}

B={4,7}
-

-

-

-

-

-

4

-

-

A={12, 8, 7, 11}
A={6, 5, 4, 7}
-

-

-

-

-

-

5

Invalid

6

-

-

A={7}

B={12,11} 

C= {8}
A={7} B={4,6,5}

-

-

-

-

-

-

5

0

-

-

A={6} 
B={12,7,11} 

C= {13,8,4,9,5}
-

-

-

-

-

-

-

1

-

-

A={7, 6} 

B={13,12,8,11}

C={4,9,5}
-

-

-

-

-

-

-

2

-

-

A={8, 7, 4, 6} 

B= {13,12,9,11}

C= {5}
-

-

-

-

-

-

-

3

-

-

A={7, 6, 11}

B= {13,12,5,4} 

C= {8,9}
-

-

-

-

-

-

-

4

-

-

A={12, 8, 7, 11}

B= {13,5,4} 

C= {6,9}
-

-

-

-

-

-

-

5

-

-

A={13, 12, 9, 8, 7, 5, 4, 11, 6}

-

-

-

-

-

-

-

6

-

-

A={7} 
B={13,12,11,6}

C= {8,4,9,5}
-

-

-

-

-

-

-

Note:

1) Group A is for DL/special subframe of legacy system and eIMTA system; group B is for subframes which should be used by eIMTA UE as DL/special subframe; group C is for subframes which can be used as DL/special subframe or UL subframe. The subframes in group C are ordered so that PUCCH for subframe has higher probability of being used as DL /special subframe is allocated first, followed by PUCCH for subframe has lower probability of being used as DL subframe.

2) No block interleaving for group C

3) Compared with NNSN’s proposal, the difference are:

a. Subframes in table 2 of NNSN are separated into two groups

b. As highlighted in table-1 from NEC, when DL HARQ reference configuration is 4, the SIB-1 TDD configuration is 0/1, the ordering of subframes in UL subframe#3 is slightly different.
Q4: Suggestion from NNSN is ok for us. No further issues.



	Huawei, HiSilicon
	Q1: Since implicit PUCCH resource for EPDCCH is UE-specifically configured, PUCCH resource collision can be resolved by configuring ARO and UE-specific starting PUCCH offset. Therefore, the agreed solution for PDCCH is not necessary for EPDCCH.
Q2:  DL subframes within a bundling window can be divided into 2 sets:
· Set 1: subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs;

· Set 2: the remaining subframes within the bundling window
According to the agreement in RAN1#76, the existing implicit PUCCH resources are used for subframe set 1. Then PUCCH resources for subframe set 2 will be block interleaved and allocated next to the existing implicit PUCCH resources. 
Q3:  1) For subframe set 1
For subframe set 1, downlink association set index
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 is defined in Table 1-1, 1-2 and 1-3, and the exact equation for block interleaving is the same as in 36.213.
PUCCH resource for antenna port 
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 depending on the subframe n and the UL/DL configuration indicated by SIB1. 
PUCCH resource for antenna port 
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2) For subframe set 2
For subframe set 2, downlink association set index
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 is defined in Table 2-1, 2-2 and 2-3, and the exact equation for block interleaving is as follows.

PUCCH resource for antenna port 
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 depending on the subframe n, the UL/DL configuration indicated by SIB1 and DL reference configuration. 
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PUCCH resource for antenna port 
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Table 1-1: Downlink association set index
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Table 1-2: Downlink association set index
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Table 1-3: Downlink association set index
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Table 2-1: Downlink association set index
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Q4: The order of HARQ-ACK bits is determined according to the original downlink association set index
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Table 3: Downlink association set index
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	Sharp
	Q1: For EPDCCH, we agree with NSN that the existing mechanism for EPDCCH can be used with the new DL association set Tables for eIMTA.

Q2: Three types of DL subframes should be considered. The first-type DL subframes are fixed DL subframes that have the same HARQ timing for both eIMTA and non-eIMTA UEs. For this type, the existing implicit PUCCH resource mapping is reused as agreed in RAN1#76, and these DL subframes should correspond to the dynamic PUCCH resources with the lowest indices. The second-type DL subframes are fixed DL subframes having different HARQ timing for eIMTA and non-eIMTA UEs, and the third-type are the flexible subframes. Dynamic HARQ-ACKs for the second-type DL subframes should be mapped to the PUCCH resources having relatively lower indices compared to the third-type DL subframes so that the PUCCH resources reserved for the third-type DL subframes are likely to be reused for PUSCH transmission when the flexible subframes are configured as UL subframes.
Q3. For the fixed DL subframes that have the same HARQ timing for both eIMTA and non-eIMTA UEs we assume exactly the same tables as NSN’s, i.e. NSN’s Table 1. For the remaining DL subframes, NEC made the good point that the probability of the subframe being used as DL /special subframe should be taken into account for ordering the DL subframes. This can minimize PUCCH overhead especially for EPDCCH case. Accordingly we prefer the following tables that achieve our proposed principle (see Q2). 
Table 1 of Sharp: Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the same timing.
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Table 2 of Sharp: Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have a different timing. (Red part is different from NSN’s Table2)
DL HARQ reference configuration
UL-DL
Configuration given by SIB-1
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For the first-type DL subframes, the existing formula is used, i.e. 
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For the second-type and the third-type DL subframes, the following formula is used. 
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. We sympathize with NEC that RRC signaling for the PUCCH starting offset of these DL subframes is not needed. In fact, the number of associated DL subframes in Table 1 is different between UL subframe #2 and #3 in case of DL reference configuration #4 with SIB1 configuration #0/1/3. In this instance, RRC-configured uniform offset would cause unnecessary overhead since suitable offset values for the UL subframe #2 and #3 are different.

Q4: NSN raised a good point. We agree.

	LG Electronics
	Q1: The same principle (i.e. subframe re-ordering) for PUCCH resource allocation for PDCCH can be applied to EPDCCH for PUCCH resource compression. However, as NSN already mentioned, since no block interleaving is applied to EPDCCH, an RRC configured offset is not needed for handling PUCCH resource of group b) and c). Here, for an easy explanation, we reuse the definition of group a), b) and c) from NSN’s proposal.

Q2:  We agree with using Sharp’s revised tables. With regard to NEC’s table, it seems that there is an ambiguous point on defining group b) and c) in subframe #7, when DL HARQ reference configuration and SIB 1 UL-DL configuration are set to UL-DL configuration #2, #6, respectively. Considering NEC’s explanation on the principle of defining group b) and c), it is more reasonable to define group b) and c) as {8, 6}, {4}, respectively. (If we have a missing point on NEC’s proposal, please let us know about that.) 

Q3: Based on the agreement that introduces a separately RRC configured starting PUCCH offset for group b) and c), our proposals on the exact equations for block interleaving for PDCCH are as follows. Here, the ordering of subframes in group a), group b), and group c) refers to NEC’s table, only with one modification described in our answer to Q2.

(1) For group a), the following equation is applied:
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(2) For group b), the following equation is applied:
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(3) For group c), the following equation is applied:
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Q4: We also agree with NSN’s point. In addition, the large ARO values for TDD EPDCCH should be based on the re-ordered subframe indices.

	ZTE
	Q1: Our view is aligned with Nokia/NSN. 

Q2: Based on the agreement made in RAN1 #76, two DL association sets are defined for:

        --- subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and 
        --- other subframes in the bundling window. 

There seems no need to further differentiate between flexible subframes and fixed subframes in the remaining subframes of the bundling window.  Although such differentiation could reduce some PUCCH resource overhead in case the flexible subframes are not scheduled as DL, the benefit of block interleaving cannot be achieved.
Therefore we think two DL association sets, which are defined in Table 10.1.3.1-1-1 and 10.1.3.1-1-2 below, should be sufficient. 
Q3: Block interleaving are applied for both subframe sets. An example of the resource allocation for HARQ-ACK multiplexing is shown below:
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For TDD HARQ-ACK multiplexing and sub-frame 
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· For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating downlink SPS release in sub-frame 
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Table 10.1.3.1-1: Downlink association set index
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Table 10.1.3.1-1-1: Downlink association set index
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Table 10.1.3.1-1-2: Downlink association set index
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Q4: Same view as Huawei/HiSilicon, the order of HARQ-ACK bits is determined according to the original downlink association set index
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in Table 10.1.3.1-1, which is according to the DL-reference configuration.

	CATT
	Q1: We prefer the same handling for PDCCH is used for EPDCCH as well for eIMTA, i.e. to reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset. This additional RRC parameter can provide additional flexibility to eNB when handling PUCCH resource reservation. For example, if the cell has already allocated some PUCCH resource immediately following those for fixed subframes to some other usage (e.g. SPS PUCCH resource for non-eIMTA UEs), the eNB needs to reconfigure these already allocated PUCCH resource when the cell decides to enable eIMTA, if there is no additional RRC signaling to indicate the starting PUCCH offset for fixed subframes.

Q2: For the DL subframe indexing, the proposal from NSN is generally OK, except the following comments in Q3. We note that the additional table is only used to determine the implicit PUCCH format 1a/1b resource. How to capture these tables in the specification can be left to editor. For example, perhaps capturing only the table for the different timing between eIMTA and non-eIMTA UEs may be sufficient. 

Q3: There are two subframe associations needs to be specified, the 1st one for subframes sharing the same HARQ timing for eIMTA and non-eIMTA UEs the 2nd one for the other subframes. The two association tables from NSN are generally fine to us except DL reference configuration #5. 

Since channel selection is not supported for configuration #5 and HARQ-ACK bundling cannot be used in eIMTA, the only motivation to allocate additional PUCCH format 1a/1b resource in this case is to support the potential fallback when only one scheduling PDCCH with DAI=1 in the feedback window is received by the UE. Allocating additional implicit PUCCH format 1a/1b resources for DL reference configuration 5 does not justify the uplink resource overhead. Therefore, we prefer not to include DL reference configuration #5 in the new tables to determine the implicit PUCCH format 1a/1b resources for eIMTA UEs. 

Another comment to NSN’s table 1 is that in the combination of DL reference configuration #4 and SIB-1 configuration #0, the “(6)” in subframe 2 is not needed since this legacy resource does not impact the resource determination for eIMTA UEs.

With the above two comments, the tables can be given as the following. Still note that whether/how to capture these tables in the specification can be left to editor’s decision. 

Table 1. Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have the same timing

DL HARQ reference configuration
UL-DL
Configuration given by SIB-1

Subframe n

0

1

2

3

4

5

6

7

8

9
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-

-

-
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-
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-
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-

-
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-
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-
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Table 2. Subframe indexing for subframes for which eIMTA and non-eIMTA UEs have a different timing

DL HARQ reference configuration
UL-DL
Configuration given by SIB-1

Subframe n
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-
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-

-
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The PUCCH resources for above two subframe sets can be separately block interleaved, using the existing equations. 

Q4: The above proposed new table is only used for implicit PUCCH resource determination. The HARQ-ACK bits ordering can follow the existing DL association set index K as defined in TS36.213 Table 10.1.3.1-1, of the DL reference UL-DL configuration.

	Samsung
	Q1:  As the ARO has very limited compression capabilities, especially with configuration 5 being the DL reference configuration, we prefer to not differentiate between PDCCH and EPDCCH (benefits of resource overhead reduction for PDCCH should also be applicable to EPDCCH). Since a separate starting offset was agreed for PDCCH, we think it can be extended to EPDCCH. 
Q2: It is helpful to classify subframes in a reference bundling window into 3 types as proposed by NNSN. PUCCH resource for type b & c subframes is additionally allocated according to the agreement in last meeting. The PUCCH resource for type c subframes is allocated next to type b. 

Q3: In our view, we should try to minimize the number of newly introduced table for DL association index. Introducing just one new table for DL association index for type b & c is enough. Table 2 as proposed by NNSN is OK for us. As to type a subframes, the legacy table for DL association index can be simply reused 
Accordingly, the legacy formula works for type a subframes; while, for type b & c subframes, legacy formula can be reused straightforwardly but with new table for DL association index. Specifically, block interleaving is used for PDCCH, but EPDCCH not. 

Q4: Regarding to HARQ-ACK bit ordering, 

· The HARQ-ACK bit ordering follows DL DAI if PUCCH format 3 is configured, so the existing specification already handle it well, hence can be reused. 
· As to format 1b with channel selection, since we now make differentiation on the 3 types of frame in the reference bundling window, to avoid complicated wording describing the bit order and mapping to PUCCH 1a/1b resource for each type of subframes, the method for PUCCH format 3 can be reused. i.e. bit ordering according to DL DAI, correspondingly the 1a/1b resource is also ordered by DL DAI
We see some more benefits by mapping HARQ-ACK(k) according to DL DAI in format 1b with channel selection,  
· The differentiation on NACK and DTX is only supported by HARQ-ACK(0). To help eNB to distinguish between PDCCH missing and PDSCH decoding error, the ability of using HARQ-ACK(0) as a valid bit in HARQ-ACK feedback is needed. 
· Only HARQ-ACK(0) has the ability to support fallback operation. That is, if only one PDSCH is scheduled and mapped to HARQ-ACK(0), it has the same constellation mapping as PUCCH format 1a. By mapping HARQ-ACK(k) according to DL DAI, at least one PDSCH can be transmitted without confusion on PUCCH in case eIMTA reconfiguration. 
After all, it is not to define new ordering, but just to align PUCCH format 1b with channel selection with PUCCH format 3. 

	Ericsson
	Q1: The implicit PUCCH resource mapping for EPDCCH is somewhat different from the rules applied for PDCCH. 

· There is no blocking interleaving for EPDCCH and the starting position of the PUCCH resource region is UE-specific configured for each EPDCCH set. 

· There is no need to have a separate PUCCH resource allocation for two subframe sets (the first subframe set consists of the subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs and the second subframe set consists of the other subframes in the bundling window), hence the RRC configured PUCCH starting offset is not needed for the second subframe set. 

· The subframe indexing used for PDCCH can also be applied for EPDCCH for PUCCH resource compression.

Q2: We agree with the analysis from NSN and NEC. Basically, the subframes in the downlink association set per DL reference configuration can be divided into two groups. The first group consists of the DL/special subframes which have the same HARQ-ACK timing with the legacy UE. The second group consists of the remaining subframes. Block interleaving shall be applied separately for the two groups for PUCCH resource for PDCCH. In the second group, the subframe indexing starts from the DL/special subframes per SIB1which have different HARQ-ACK timing with the legacy UE and followed by the flexible subframes. The flexible subframes can be ordered according to the likelihood of being used as downlink. We share similar views with NEC and Sharp that the RRC parameter for second group is not necessary. 

Q3: For the first group, the PUCCH resource can be derived as follows
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For the second group, the PUCCH resource can be derived as follows
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Regarding to subframe indexing, we are fine with Sharp’s modified table. To us, it is preferable to define some new tables in the specification. NEC’s way to capture the new table seems fine to us except that we prefer only have two groups, i.e. type b and type c are combined together. Moreover, this new table is applied to EPDCCH when eIMTA is enabled for 

Q4: The ordering of HARQ-ACK bits is in the increasing order of DL DAI which is independent of the subframe indexing within the bundling window.

	Qualcomm
	Q1: We think it may be efficient to use ARO to avoid resource collision for EPDCCH. But if proponent of using same PDCCH solution for EPDCCH could give detailed example why ARO is not efficient we are also okay to accept it. 
Q2: We think we need to follow the agreement in RAN1#76 for PDCCH resource allocation, that is “reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset (where the block interleaving for ACK/NAK resource indexing is still supported)”.  Based on this agreement, the subframes in DL association set is divided into two groups, e.g. subframes with same HARQ timing and subframes with different HARQ timing. The existing implicit PUCCH resources are used for the first subframe set and the PUCCH resources for subframe set 2 will be block interleaved with a separately RRC configured starting offset. The benefits to further differentiate between fixed and flexible subframes in the second set are small for DL HARQ reference configuration 2 and 4. The overhead reduction for DL HARQ reference configuration 5 is also questionable dependent on the conclusion from email discussion [76-07].  For the subframe index in the first set, we agree to use the table from Sharp and Huawei, except for the combination of SIB1 configuration 0 and DL reference configuration 4, the (6) is not needed. For the subframe index in the second set, we agree to use the table from Huawei, e.g. the same subframe index of DL reference configuration excluding the subframes in the first set. For PDCCH case, we don’t see any benefit for overhead reduction with subframe index reordering if block interleaving is applied to the second subframe set. If EPDDCH uses a same solution as PDCCH dependent on Q1, we think a single subframe index table shall be defined for both PDCCH and EPDCCH.
Q3: For the first subframe set, the PUCCH resource can be derived as follows


[image: image95.wmf](1)

PUCCH,1

CCE

1

1

)

~

,

1

(

PUCCH

)

1

(

0

N

n

N

m

N

m

M

n

c

c

p

+

+

×

+

×

-

-

=

+


For the second subframe set, the PUCCH resource can be derived as follows
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Where M1 and M2 are the DL association set size of the first and second subframe set. 

Q4: We share the same view as Huawei that the ordering of HARQ-ACK bits shall be determined according to the DL association set index of corresponding DL HARQ reference configuration. 

	Intel
	Q1: Assuming subframes indexing (discussed in Q2) for DL subframes within a HARQ bundling window would be used for both PDCCH and EPDCCH, Rel-11 PUCCH resource mapping rule for EPDCCH could be reused without introducing a new RRC-configured PUCCH resource offset for EPDCCH. Using ARO solution should be sufficient to address the PUCCH resource collision problem.

Q2: Regarding the DL subframe indexing, we have a slight preference with NSN table which could minimize the PUCCH segmentation by ordering type b) followed by type c) subframe. On the other hand, the potential benefit with this optimization maybe limited provided block-interleaving mechanism has been agreed for the new PUCCH region corresponding to type b) and c) DL transmission, so, we can also be OK with the mapping table from Huawei if major companies prefer it. 

Q3: For eIMTA-enabled UE, the DL subframes within HARQ bundling window can be divided into two sets. Set 1 consists of fixed DL subframes having the same DL HARQ timing for both eIMTA and non-eIMTA UEs and Set 2 consists of remaining DL subframe within HARQ bundling window, then 

1. For PUCCH resource associated with DL subframes in Set 1, Rel-8 implicit PUCCH mapping rule can be reused as follows: 
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Where M1 is the number of DL subframes within Set 1. 

2. For PUCCH resource associated with DL subframes in Set 2, PUCCH mapping rule can be performed below: 
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Where M2 is the number of DL subframes within Set 2 and 
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is RRC configured PUCCH resource offset for HARQ-ACK feedback corresponding to DL transmission in Set 2. 

Q4: Agree with NSN that the orders of HARQ-ACK bits follows the re-ordered subframes index as well. 

	ALU/ASB
	Q1: We prefer that the same solution for PDCCH is used for EPDCCH ((“reuse the existing implicit PUCCH resource for subframes with the same DL HARQ timing between eIMTA and non-eIMTA UEs, and allocate new resources for other subframes in the bundling window, where the new resources are based on a separately RRC configured starting PUCCH offset”). The separate RRC configuration provides more flexibility to eNB in terms of PUCCH resource allocation. For example, it allows the partial or full overlapping of the PUCCH regions and ARO can used to resolve potential collisions.

The same subframe indexing can be used for EPDCCH as for PDCCH.
Q2: We do not see much additional benefit of separating type b) and c) subframes. Therefore we consider it sufficient to have a mix of these two types of subframes, and no separate starting offset needs to be defined for type c) subframes. We could consider a re-ordering if the benefit is justified.
We are neutral in terms of whether to revert our previous agreement on the RRC configuration on the starting PUCCH offset, but with slight preference on keeping the agreement.

Q3: The proposals by many companies seem to be aligned very well. We are generally fine with the proposal by Qualcomm for example.

Q4: We are neutral on the two options on the order of HARQ-ACK bits.
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