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1. Introduction  
Many progresses in ACK/NACK feedback design for LTE-A TDD have been made during the last several meetings. But there are still some pending issues needed to be decided in RAN1 #64, such as the confirmation of ACK/NACK scheme for channel selection mode b, the resource allocation for channel selection, handling of Pcell only reception, handling of reconfiguration, handling of configuration 5. In this contribution, we focus on the first four issues, and the last one is discussed in our companion contribution [7].

2. Confirmation of ACK/NACK scheme for channel selection mode b.
It was proposed in [1] to adopt the ACK/NACK scheme from R1-110519[2] with modification for M=4 from R1-110389[3] and the mapping table from R1-106503[4]. As already discussed in our previous contribution [5], it is also our preference. Regarding the concern about PDCCH evaluation raised in the email discussion, we think the probability of state overlap of {ADDD} and {AAAA} is rather rare. From our PDCCH performance evaluation, the probability of one DL grant pass followed by three DL grant misses is less than 4E-5. If just considering a 0.1 PDSCH BLER, the probability of {ADDD} is less than 3.6E-5, which is sufficient to ensure higher layer retransmission occurs 1E-4. The simulation results and parameters are listed in Annex-A.
3. Resource allocation for channel selection.

Since there are two modes for channel selection, mode a and b, it is difficult to use a unified resource allocation scheme for both modes. Therefore, the resource allocation scheme for mode a and b should be discussed separately.
For mode a, no bundling is applied. The resource allocation may be the same as FDD. That is, the UE can derive a PUCCH resource for each transport block. Therefore, if the scheme for channel selection for FDD is decided, it can be reused for channel selection mode a in TDD.

And for mode b, 4 PUCCH resources are needed. 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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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 [6] 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 [6] 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 1 gives an example for this option. In this option, the ARI on Scell is same in all subframes in the bundling window.
Table 1 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 2 gives an example for this option. In this option, the ARI for the first and the second PDCCH should be different to make sure  
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Table 2 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.
The main advantage of this proposed scheme is that at least 2 PUCCH resources can be implicitly derived for dynamic scheduling. If cross scheduling is used, all the 4 PUCCH resources are derived implicitly and no explicitly higher layer configured PUCCH resources are needed. Therefore, from the PUCCH resource overhead point of view, we recommend to adopt the resource allocation proposed here for TDD channel selection mode b.
4. Handling of Pcell only reception
It is still under discussion on how to transmit ACK/NACK when UE only received PDSCH on Pcell. 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 may be two possibilities for the UE only received PDSCH on Pcell:
 - only Pcell is scheduled.

- Pcell and Scells are scheduled, but the Scells are missed by the UE.

In the current TDD ACK/NACK feedback design, there is no mechanism for the UE to detect whether the Scells are missed. Therefore, the main problem on how to feedback the ACK/NACK is to provide a mechanism for the eNB to detect the miss detection of Scells at the UE side. There may be two ACK/NACK feedback modes in LTE-A TDD, PUCCH format 1b with channel selection and PUCCH format 3. We should discuss them separately.

When PUCCH format 3 is configured

In this case, the UE cannot derive the PUCCH resource for format 3 because it does not receive the ARI on Scell. Therefore, it may fall back to ACK/NACK multiplexing or ACK/NACK bundling. Since the PUCCH channel used for ACK/NACK bundling/multiplexing is different from the resource used for PUCCH format 3, the eNB can find out whether Scell is missed by blind detection. Regarding the UE whether to fallback to ACK/NACK bundling or to multiplexing, there also be several options:
Option-1: fall back to the ACK/NACK feedback mode as it was configured for one CC configuration.

Option-2: fall back to ACK/NACK multiplexing.

Option-3: fall back to ACK/NACK bundling.

If ACK/NACK bundling is used, there may be some throughput performance loss comparing to ACK/NACK multiplexing. Therefore, we slightly prefer Option-2.
When PUCCH format 1b with channel selection is configured

In this case, there are also 2 alternatives.

Alternative #1: use ACK/NACK bundling

Alternative #2: used PUCCH format 1b with channel selection.

For alternative #1, whether or not the eNB can find out the Scell is missed relies on the resource allocation for channel selection. With the resource allocation proposed in section 3, implicit resources are derived for Pcell. In this case, the resource used for channel selection and used for ACK/NACK bundling may be the same, which cannot help the eNB to detect the miss detection of Scell by blind detection. Therefore, alternative #1 is not preferred. 
And for alternative #2, 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 #2-1: 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 #2-2: 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 #2-3: 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 [5], 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 PUCCH 1b with channel selection is configured for the UE for ACK/NACK feedback, 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 received one serving cell or more than one serving cell. 
5. Handling of Reconfiguration
As already mentioned in section 4, there may be two ACK/NACK feedback modes when more than one CC is configured in LTE-A. And as we all know, there are also two ACK/NACK feedback modes when only one CC is configured, ACK/NACK bundling and ACK/NACK multiplexing. The problem caused by reconfiguration is that the UE would use the new ACK/NACK feedback scheme for ACK/NACK feedback while the eNB assumes the UE is still using the old scheme for feedback before it received the reconfiguration complete message. 

Since there are more configurations for TDD in LTE-A, the handling of reconfiguration may be more complex. We classify the scenarios into 3 kinds:
· Scenario 1: handling of reconfiguration between ACK/NACK bundling and ACK/NACK multiplexing.

· Scenario 2: handling of reconfiguration between channel selection and PUCCH format 3.

· Scenario 3: handling of reconfiguration between one CC and more than once CC configured.

For Scenario 1, the ambiguity problem caused by ACK/NACK feedback switch can be solved by only scheduling a PDSCH with single TB transmission in the first subframe during the period of reconfiguration, which may already be discussed in Rel-8.
For Scenario 2, since the PUCCH channel used for channel selection and PUCCH format 3 is different, blind detection for two types of PUCCH resources may be performed at the eNB to solve the ambiguity problem.
For Scenario 3, it can further include the following issues:
· Scenario 3-1: more than 1 CC and PUCCH format 3 is configured -> one CC configured.

· Scenario 3-2: more than 1 CC and channel selection is configured -> one CC and ACK/NACK bundling.

· Scenario 3-3: more than 1 CC and channel selection is configured -> one CC and ACK/NACK multiplexing.

For Scenario 3-1, the eNB can only schedule on Pcell during the period of reconfiguration. In this case, the UE may use ACK/NACK bundling or multiplexing for ACK/NACK feedback when it received the reconfiguration command. Since the PUCCH channel used for ACK/NACK bundling/multiplexing is different from the resource used for PUCCH format 3, blind detection for two types of PUCCH resources may be performed at the eNB to solve the ambiguity problem caused by CC reconfiguration.
For Scenario 3-2, the eNB can only schedule a PDSCH in the first subframe on Pcell during the period of reconfiguration. In this case, the UE may use ACK/NACK bundling for ACK/NACK feedback when it received the reconfiguration command. If the Pcell is configured by transmission mode 3, 4 or 8, the UE may use PUCCH format 1b for ACK/NACK feedback. If the ACK/NACK state for the scheduled PDSCH is {AA}, the UE will send (
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, -1) using PUCCH format 1b. At the eNB side, as illustrated in Figure 1, the eNB will interpret the received (
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, -1) as {ANNN} in Rel-10 manner. If the ACK/NACK scheme proposed in R1-110519 and R1-110389 is adopted, the state for Pcell will be interpreted as {ADDD} or {AAAA} (assuming M=4). Since the eNB knew it only scheduled one PDSCH in the first subframe on Pcell, it will take {ADDD} as the final ACK/NACK feedback, which is the same meaning as the UE want to send, i.e. the PDSCH has been received correctly. If the ACK/NACK state for the scheduled PDSCH is {AN}, the UE will send (
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, j) using PUCCH format 1b. At the eNB side, as illustrated in Figure 1, the eNB will interpret the received (
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, j) as {AANA} in Rel-10 manner. But since the eNB knew it has only scheduled one PDSCH in the first subframe on Pcell, the feedback state for Scell could not be {NA}. So the eNB may know that the UE has transmitted the ACK/NACK using PUCCH format 1b. 
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Figure 1 mapping table of Rel-10 PUCCH format 1b with channel selection
For Scenario 3-3, the misunderstanding between the UE and eNB can also be solved by only scheduling a PDSCH in the first subframe on Pcell during the period of reconfiguration. The mapping table for Rel-8 channel selection is illustrated in Figure 2. For example, assume the mapping table of M=2 is used when one CC and ACK/NACK multiplexing is configured.
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Figure 2 mapping table of Rel-8 PUCCH format 1b with channel selection 

If the eNB only schedule a PDSCH in the first subframe on Pcell during the period of reconfiguration, the UE will use the Rel-8 channel selection for ACK/NACK feedback when it received the reconfiguration command. That is, it will use 
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 to transmit +j or –j. And at the eNB side, since the reconfiguration complete message is not received, it will assume the UE is using the Rel-10 channel selection for ACK/N/ACK feedback. If (
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, -j) is received, the corresponding state would be {ANNA} if interpreted in Rel-10 manner. But since the eNB knew it has only scheduled one PDSCH in the first subframe on Pcell, the feedback state for Scell could not be {NA}. So the eNB may know that the UE has transmitted the ACK/NACK in Rel-8 manner. 
In summary, the problem caused by reconfiguration can be solved by eNB implementation, i.e. only schedule the PDSCH (in the first subframe) on Pcell, and no specification effort is needed.
6. Conclusion

In this contribution, we present our views on the remaining issues of ACK/NACK feedback for LTE-A TDD. In conclusion, we propose that,
· ACK/NACK scheme for channel selection mode b:

·  Adopt the ACK/NACK scheme from R1-110519 with modification for M=4 from R1-110389 and the mapping table from R1-106503DAI design is the same as Rel-8/9.
· PUCCH resource allocation:

· 
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· 
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· Handling of only Pcell reception

· When PUCCH format 3 is configured, use ACK/NACK multiplexing defined in Rel-8.

· When PUCCH format 1b with channel selection is configured, no special case handling is needed.

· Handling of reconfiguration:

·  only schedule the PDSCH (in the first subframe) on Pcell and no specification effort is needed.
References

[1] R1-110539, Samsung, etc, way forward on channel selection mode b.
[2] R1-110519, Samsung, Discussion on channel selection for TDD.
[3] R1-110389, LGE, Details on Mode b for TDD ACK-NACK feedback in Rel-10.
[4] R1-106503, NNSN, Proposal on TDD ACK/NACK feedback in Rel-10
[5] R1-110163, ZTE, A/N for TDD with PUCCH Format 1b with channel selection
[6] TS 36.213
[7] R1-110822, ZTE, Discussions on ACK/NACK for TDD configuration 5
Annex-A
Table A1-1: PDCCH Link Level Simulation Results

	PDCCH BLER
	Required SNR (dB)
	Probability of one DL grant pass followed by three DL grant misses

	1%
	-1.2 dB
	3.2E-5


Table A1-2: PDCCH Link Level Simulation Parameters
	DCI format
	Format 2

	Number of Tx Antennas
	2

	Number of Rx Antennas
	2, uncorrelated

	UE Speed
	37.8 km/h

	Channel Model
	EVA

	PDCCH CCE Aggregation Level
	4


Table A2-1: PDCCH Link Level Simulation Results

	PDCCH BLER
	Required SNR (dB)
	Probability of one DL grant pass followed by three DL grant misses

	0.9%
	-4 dB
	3.8E-5


Table A2-2: PDCCH Link Level Simulation Parameters
	DCI format
	Format 2

	Number of Tx Antennas
	2

	Number of Rx Antennas
	2, uncorrelated

	UE Speed
	37.8 km/h

	Channel Model
	EVA

	PDCCH CCE Aggregation Level
	8
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