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1. Introduction  
In RAN1 #62bis, the followings were agreed.

· For A/N feedback for TDD with PUCCH Format 3:

· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· FFS whether a Mode 2 is also supported:

· Spatial bundling with time or CC bundling (the same bundling domain as for mode b) is employed in addition to spatial bundling in cases when the number of A/N bits to be indicated would be >x 

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a:

· If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b:

· Spatial bundling with time- or CC-domain bundling (FFS which) is used if the number of A/N bits to be indicated would be >4

And the agreement made in RAN1 #63 was that:
· PUCCH Format 3 Mode 2 is not supported in Rel-10.

· Use time-domain bundling for mode b

But the details for time-domain bundling are left FFS and should be decided in RAN1 #63bis. In this contribution, details of ACK/NACK for TDD with PUCCH format 1b with channel selection are presented, including the generation of ACK/NACK for each configured serving cell, the PUCCH resource allocation, and the mapping table to be used.
2. Generation of ACK/NACK
Since time domain bundling was agreed when more than 4 ACK/NACK bits for the configured serving cells, PUCCH format 1b with channel selection may only be applicable for the case with 2 serving cells being configured (which may be a common understanding). It’s also well-known that up to 4 bits can be supported with format 1b with channel selection. How to generate the 4 bits for the corresponding serving cells in the bundling window is still under discussion [1]~[5].

In general, four schemes can be considered:

Scheme#1: 1 bundled ACK/NACK bit is generated per configured serving cell, and the other two bits are used to assistant the eNB to detect whether the last PDCCHs/subframe missed [1]

 REF _Ref282435050 \r \h 
 \* MERGEFORMAT [4]. 
Scheme #2: 2 bundled ACK/NACK bits are generated per configured serving cell indicating the number of ACKs in the bundling window [2]
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 \* MERGEFORMAT [5].
Scheme #3: 2 bundled ACK/NACK bits are generated per configured serving cell indicating the bundled results together with the number of PDSCH the UE has received [6].
Scheme #4: 2 bundled ACK/NACK bits are generated per configured serving cell indicating the number of contiguous ACKs from the first actual PDSCH transmission after reordering by DAI in the bundling window, where SPS PDSCH is always put in the first place [3].
The DAI design for Scheme #1 in [4] is different from Rel-8/9 or may need additional PUCCH resources in [1]. And from the throughput performance point of view, Scheme #4 may have some advantage over Scheme #1/#2/#3 because of less unnecessary retransmission, which is also confirmed by our simulation as shown in Annex-A. The performance of Scheme #1/#2/#3 may be similar, so we only compare Scheme#1 and Scheme#4 in our simulation. From our point of view, standard efforts are needed for all Options. So performance should be an important factor in selecting the time domain bundling schemes. Therefore, we slightly prefer Scheme #4. The following mapping for M=2, M=3 and M=4 are listed in Table 1, 2 and 3 respectively. 
Table 1: Four States Generated for M=2 and mapping to {HARQ-ACK(i), HARQ-ACK(i+1)}

	
	ACK/NACK response in the bundling window
	HARQ-ACK(i), HARQ-ACK(i+1)

	State 0
	Response for {NACK/DTX
, NACK/DTX}
	NACK/DTX, NACK/DTX

	State 1
	Response for {ACK, NACK/DTX}
	ACK, NACK/DTX

	State 2
	Response for {NACK/DTX, ACK}
	NACK/DTX, ACK

	State 3
	Response for {ACK, ACK}
	ACK, ACK


Table 2: Four States Generated for M=3 and mapping to {HARQ-ACK(i), HARQ-ACK(i+1)}
	
	ACK/NACK response in the bundling window
	HARQ-ACK(i), HARQ-ACK(i+1)

	State 0
	Response for {NACK/DTX2, X
, X}
	NACK/DTX, NACK/DTX

	State 1
	Response for {ACK, NACK/DTX, X}
	ACK, NACK/DTX

	State 2
	Response for {ACK, ACK NACK/DTX}
	NACK/DTX, ACK

	State 3
	Response for {ACK, ACK, ACK}
	ACK, ACK


Table 3: Four States Generated for M=4 and mapping to {HARQ-ACK(i), HARQ-ACK(i+1)}
	
	ACK/NACK response in the bundling window
	HARQ-ACK(i), HARQ-ACK(i+1)

	State 0
	Response for {NACK/DTX2, X, X, X}
	NACK/DTX, NACK/DTX

	State 1
	Response for {ACK, NACK/DTX, X, X} 
	ACK, NACK/DTX

	State 2
	Response for {ACK, ACK, NACK/DTX, X} or

 {ACK, ACK, ACK, NACK/DTX }
	NACK/DTX, ACK

	State 3
	Response for {ACK, ACK, ACK, ACK}
	ACK, ACK


HARQ-ACK(0) and HARQ-ACK(1) correspond to the ACK/NACK response on Pcell, and HARQ-ACK(2) and HARQ-ACK(3) correspond to the ACK/NACK response on Scell.
Note that by such mapping combined with the PUCCH resource allocation scheme described below, it can help to achieve implicit resource allocation for channel selection if cross carrier scheduling is configured and the mapping table proposed in [7] is adopted for Rel-10 TDD.
3. Resource allocation

4 PUCCH resources are needed for PUCCH format 1b with channel selection. It is proposed that the first two PUCCH resources are derived from Pcell and the last two PUCCH resources are derived from Scell. 

In more details, 
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 is obtained based on the second PDSCH after reordering on Scell. 
For a PDSCH transmission indicated by the detection of a corresponding PDCCH on Pcell, the UE shall determine the value of 
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 by the implicit resource mapping equation as defined in [8] for Rel-8/9 TDD. 

For a PDSCH transmission without a corresponding PDCCH on Pcell, the UE shall determine the value of 
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 in the same way of PUCCH resource for SPS PDSCH as defined in [8] for Rel-8/9. 

For a PDSCH transmission indicated by the detection of a corresponding PDCCH on Scell, there are two options for the UE to determine the value of 
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Option 1: Higher layer configure 2 sets of PUCCH resource (each set contains 4 PUCCH resources) for Scell, and the ARI detected in the corresponding PDCCHs on Scell indicate which PUCCH resource to be used. Table 4 gives an example for this option. In this option, the ARI on Scell is same in all subframes in the bundling window.
Table 4 PUCCH resource index for 
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	‘00’
	The first PUCCH resource index configured by the higher layers for Set 1
	The first PUCCH resource index configured by the higher layers for Set 2

	‘01’
	The second PUCCH resource index configured by the higher layers for Set 1
	The second PUCCH resource index configured by the higher layers for Set 2

	‘10’
	The third PUCCH resource index configured by the higher layers for Set 1
	The third PUCCH resource index configured by the higher layers for Set 2

	‘11’
	The fourth PUCCH resource index configured by the higher layers for Set 1
	The fourth PUCCH resource index configured by the higher layers for Set 2


Option 2: Higher layer configure only 1 set of PUCCH resource (contains 4 PUCCH resources) for Scell, and the ARI detected in the first and second PDCCHs on Scell indicate which PUCCH resource to be used. Table 5 gives an example for this option. In this option, the ARI for the first and the second PDCCH should be different to make sure  
[image: image12.wmf](1)

,2

PUCCH

n

 and 
[image: image13.wmf](1)

,3

PUCCH

n

 are different.
Table 5 PUCCH resource index for 
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	‘00’
	The first PUCCH resource index configured by the higher layers 

	‘01’
	The second PUCCH resource index configured by the higher layers 

	‘10’
	The third PUCCH resource index configured by the higher layers 

	‘11’
	The fourth PUCCH resource index configured by the higher layers 


Note that the ARI can reuse the TPC field in PDCCH.
4. Mapping table selection
There are still two mapping tables [7]
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 \* MERGEFORMAT [9] for Rel-10 TDD and only one should be chosen. If implicit resource mapping should be achieved in case of cross-carrier scheduling to save PUCCH resource overhead, we suggest adopting the table proposed in [7] since fully implicit resource allocation cannot be achieve for the mapping table in [9]. Take M =4 as an example, the state of {NACK/DTX, NACK/DTX, ACK, NACK/DTX} is mapped to use 
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 to carrier the modulated symbol ‘+j’. But the resource 
[image: image19.wmf](1)

,3

PUCCH

n

 is not available since state {ACK, NACK/DTX} on Scell indicates that the UE only correctly receive one PDSCH and only 
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 is available. There is no such problem for the mapping table proposed in [7].
On the other hand, if modification based on the mapping table proposed in [9] is allowed, the mapping table (Table) proposed in [10] should also be reconsidered. For convenience, we also list the mapping table in Annex-D. 
5. ACK/NACK transmission when only receive on Pcell
It is still under discussion on how to transmit ACK/NACK when PDCCH corresponding to PDSCH only on Pcell is received. We consider the situation of Rel-10 UE in a Rel-10 network only, since if a Rel-10 UE in a Rel-8/9 network, it has to behave according to the rule defined in Rel-8/9.

There are three aspects related to this issue. The first is how to generate the ACK/NACK response for the mapping table, and the second one is how to obtain to PUCCH resources, and the last one is which mapping table should be used. Three alternatives are compared:
Alternative #1: generate the ACK/NACK response and obtain the PUCCH resources in the same way as defined in Rel-8/9, and using the mapping table defined in Rel-8/9;

Alternative #2: generate the ACK/NACK response and obtain the PUCCH resources in the same way as defined in Rel-8/9 and using the mapping table defined in Rel-10;

Alternative #3: generate the ACK/NACK response and obtain the PUCCH resources in the same way as defined in Rel-10 and using the mapping table defined in Rel-10;

From our simulation results shown in the Annex-B, the performance difference among the three alternatives is negligible, but there is a problem with Alternative#1 and #2 when the UE is scheduled both in Pcell and Scell but missing the Scell. The eNB has to perform two hypothesis detections: one for Alternative#1 or Alternative#2, and one for Alternative#3. Therefore, we slightly prefer Alternative#3. That is, when the UE is in a Rel-10 network, the UE shall generate the ACK/NACK response and obtain the PUCCH resources in the way defined in Rel-10 and using the mapping table defined in Rel-10 regardless it is configured/received one serving cell or more than one serving cell. 
6. Conclusion

In this contribution, we present our views on TDD PUCCH format 1b with channel selection. In conclusion, we propose that,
· Time domain bundling scheme:

· spatial bundling is first applied and then 2 bits per configured serving cell indicating the number of contiguous ACKs from the first actual PDSCH transmission after reordering by DAI in the bundling window are generated, where SPS PDSCH is always put in the first place
· DAI design is the same as Rel-8/9.
· PUCCH resource allocation:

· 
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· 
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· Mapping table to be used: 

· Mapping table proposed in [7] or [10] should be adopted for LTE-A TDD
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Annex-A
	
	Scheme #4
	Scheme #1

	System SE

(b/s/Hz/Sec)
	2.1446 (6.0%)
	2.0223

	Cell Edge SE

(b/s/Hz/Sec)
	0.0849 (6.5%)
	0.0797


Annex-B

	
	Alternative#1(Rel-8/9)
	Alternative#2
	Alternative#3

	System SE

(b/s/Hz/Sec)
	2.2085
	2.2706 (+2.7%)
	2.1456 (-2.8%)

	Cell Edge SE

(b/s/Hz/Sec)
	0.0866
	0.0881 (+1.7%)
	0.0851 (-1.7%)


Annex-C 
Simulation assumptions

	TDD configuration 
	UL/DL Configuration 2 (DSUDD DSUDD)

	CC configuration 
	All UEs are statically configured 2x5MHz. The number of scheduled CCs/per UE/per Subframe is dynamically determined by eNB. 
Note only one CC is scheduled in Annex-B.

	CC correlation 
	Independent CCs 

	ISD
	500m

	Simulation scenario 
	3GPP Macro case 1

	Fast fading model 
	SCM, 3km/h

	Scheduler
	Independent PF on each cell

	UE Num
	10 UE/sector

	Traffic model
	Full Buffer

	Transmission scheme 
	2x2 MIMO, dual stream with rank adaptation 

	Rank adaptation
	Enable

	CSI Feedback Mode
	Wideband PMI and Subband CQI

5ms periodicity and 6ms delay

	HARQ Type
	Chase Combining

	PUCCH A/N model
	Ideal

	PDCCH model
	Ideal


Annex-D
Mapping table for M=4 in [10]
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
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	b(0) b(1)

	A,A, N/D, N/D
	0
	11

	N, N/D, N/D, N/D
	0
	00

	A, N/D, N/D, N/D
	0
	10

	N/D, A, N/D, N/D
	0
	01

	A,A,A,A
	1
	11

	N/D,A,A,N/D
	1
	00

	A, A, A, N/D
	1
	10

	N/D, A, A, A
	1
	01

	A, N/D, A,A
	2
	11

	N/D, N/D, A,N/D
	2
	00

	A, N/D, A,N/D
	2
	10

	N/D, N/D, A,A
	2
	01

	A, A, N/D,A
	3
	10

	N/D, N/D, N/D, A
	3
	01

	A, N/D, N/D,A
	3
	11

	N/D, A, N/D, A
	3
	00

	D, N/D, N/D,N/D
	N/A
	N/A






































































































































































































































































































































































































































































































































































































































� Referring to the HARQ-ACK(i) in the mapping table of R1-106509 or R1-106503.


� The states should be NACK for Pcell and NACK/DTX for Scell.


� ‘X’ can be any state.
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