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1. Introduction

Based on the conclusion from RAN1#51-Bis, the following DL:UL allocations are supported –

· 5ms: 1DL:3UL, 2DL:2UL, 3DL:1UL

· 10ms: 6DL:3UL, 7DL:2UL, 8DL:1UL, 3DL:5UL and (5DL:3UL or 10DL:0UL TBD)
For asymmetric allocation with more DL than UL subframes, one uplink subframe must carry ACK/NACK for multiple DL subframes where the most extreme DL:UL allocation that must be handled is 8DL:1UL.   Also note that data may be transmitted in the special DwPTS time slot at the discretion of the eNB, so ACK/NACK must be configured for the DwPTS as well.  This contribution addresses several issues regarding transmission of multiple ACK/NACK in the uplink for TDD.
2. PUCCH Coverage and Number of ACK/NACK Bits
As noted in [1,2], there is a coverage issue when multiple ACK/NACK bits are transmitted.  However, UEs in coverage-limited situation may still be scheduled data reception in multiple downlink sub-frames.  As a result, in [1], ACK/NACK bundling (AND of all ACK/NACK) was proposed as a way to transmit a single acknowledgement (1 or 2 bit depending on MIMO mode).  This can significantly increase the coverage of the PUCCH as shown in [4] and UEs that are in poor coverage may be configured to operate in this mode.  Note that, in this mode, a missed scheduling assignment can be problematic if an ACK is transmitted.  To minimize this error case, the eNB can either limit the number of DL subframes it can schedule to a UE with this feedback mode or it can adjust the PDCCH transmission power accordingly to minimize PDCCH error.
For UEs that are in good coverage, there should be no issue in transmitting multiple acknowledgments in order to maximize system throughput.  However, one issue to address is whether UE will be configured to feedback a certain number of bits (e.g. based on DL:UL configuration) or will the UE have the flexibility to feedback based on actual number of DL sub-frames received.  With the latter, there is obviously a possibility of mismatch between what the UE is sending versus what the eNB may be expecting due to missed scheduling assignments.  With the former, coverage is worse as only one configuration will be supported in the cell.  However, as in general the maximum number of sub-frames will not be large (4 or less), it is better to always fix the format so as to avoid potential corruption with missed scheduling assignments. 
Recommendation – UE can be configured in one of the following two modes
· 1-subframe feedback: eNB is restricted to schedule only 1 DL subframe to this UE within an ACK/NACK response window or UE uses ACK/NACK bundling if eNB schedules multiple DL subframes.  Thus, UE configured in this mode will use PUCCH format 0 or 1.
· N-subframe feedback: UE is configured to ACK/NACK for up to N downlink subframes (e.g. N=2 or 4).  The actual number of feedback bits obviously depends on the MIMO mode. 
3. PUCCH Format and Coding for Multiple Acknowledgments
With feedback for multiple subframe and large number of feedback bits in case of MIMO, it seems natural that joint instead of individual coding should be used.  In [5], CQI coding based on Reed-Muller block code was agreed.  The scheme can accommodate up to 14 information bits and allows re-use of existing UTRA functionality.  As a result, it is also proposed that multiple ACK/NACK transmission uses the same coding scheme as CQI.
With regard to transmission format, [2] shows that DFT-S-OFDM enjoys a performance benefit of 1-2 dB over modulated CAZAC sequences due to the larger coding gain.  However, DFT-S-OFDM has two drawbacks – (1) incompatible structure with existing PUCCH formats 0-2 and (2) one less multiplexing capacity.  The loss in capacity is not a major disadvantage, but the incompatible structure presents a significant challenge.  This is because ACK/NACK assignment is implicitly tied to the CCE used for scheduling assignment.  However, as UE may be configured for one of two feedback modes, it becomes rather challenging to try to minimize the uplink resource needed.  In the worst case, two different ACK/NACK regions may need to be defined to handle the two feedback modes, or PDCCH restriction (i.e. two separate PDCCH regions corresponding to the feedback types) may have to be enforced.  Therefore, it is proposed that the modulated CAZAC sequences structure be kept.
Recommendation – 

· Joint coding is used for multiple ACK/NACK transmission using the same block code as CQI coding agreed in RAN1#51-Bis.
· PUCCH format 2 (modulated CAZAC sequences) is used to transmit multiple ACK/NACK bits. 
4. ACK/NACK Transmission
For TDD it is proposed that only UL subframe with corresponding DL subframes would be configured ACK/NACK resource.  As a result, for allocation with more UL than DL subframes, not all UL subframes will be provisioned with ACK/NACK resource so as to reduce overhead.  Note that since data may be transmitted on DwPTS, it is considered as a regular downlink subframe for the purpose of ACK/NACK provisioning. In fact, the majority of the DwPTS:GP:UpPTs configurations allocate at least 8 OFDM symbols to DwPTS.  Therefore, in most cases, the DwPTS is very similar in size to a regular downlink subframe with a few symbols punctured out.  Also note that for many configurations with 10 ms switching point, the second DwPTS is in effect a regular downlink subframe.  An example is shown in Figure 1 for the 1DL:3UL allocation.
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Figure 1.  Example of ACK/NACK transmission for 1DL:3UL.
For DL:UL allocation with more DL than UL subframe, the proposal is to map ACK/NACK PUCCH to a  specific set of DL subframe as listed in Table 1.  For instance, with a 7DL:2UL allocation as shown in Figure 2, UL subframe #2 will provide ACK/NACK for DL subframes #0, 1 (DwPTS), 4 and 5 from the previous radio frame.  Similarly, UL subframe #3 will provide ACK/NACK for DL subframes #6, 7, 8, and 9.  Note the timing relationship shown here is only for illustrative purpose.
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Figure 2.  Example of ACK/NACK transmission for 7DL:2UL.
As shown in Table 1, there is no overlapping in the relationship between DL data subframe and UL ACK/NACK subframe.   Therefore, there is no ambiguity when ACK/NACK for a particular data subframe will be transmitted.  Also note that, in some cases, different UL subframe will carry different number of possible ACK/NACKs.  For example, in the 2DL:2UL allocation, UL subframe #3 will carry ACK/NACK for DL subframes #0 and 1 (DwPTS) while UL subframe #4 will carry ACK/NACK for only DL subframe #2.  Although this precludes the possibility of ACK/NACK load balancing among the different uplink subframes, it simplifies ACK/NACK operation significantly.  In addition, smart scheduling can be used to ensure that ACK/NACK load is manageable.
Table 1.  Example of DL subframe and UL ACK/NACK resource.
	Switching Point Periodicity
	TDD DL/UL Frame Configuration
	DL Data Subframe
	UL Subframe with ACK/NACK

	5 ms
	1:3
	0, 1 (DwPTS)
	2, 3

	
	2:2
	0, 1 (DwPTS)
	3

	
	
	2
	4

	
	3:1
	0, 1 (DwPTS), 2, 3
	4

	10 ms
	6:3
	0, 1 (DwPTS), 5
	2

	
	
	6, 7
	3

	
	
	8, 9
	4

	
	7:2
	0, 1 (DwPTS), 4, 5
	2

	
	
	6, 7, 8, 9
	3

	
	8:1
	0, 1 (DwPTS), 3, 4, 5, 6, 7, 8, 9
	2

	
	3:5
	0, 1 (DwPTS), 4, 5, 6 (DwPTS)
	2, 3, 7, 8, 9

	
	5:3 (TBD)
	0, 1 (DwPTS), 3
	2

	
	
	4, 5
	7

	
	
	6 (DwPTS), 9
	8


Recommendation – 

· Only UL subframe with corresponding DL subframes would be configured ACK/NACK PUCCH resource.

· Map ACK/NACK for a specific set of DL subframes to only 1 UL subframe (e.g. as listed in Table 1).  No overlapping or flexibility in the relationship between DL data subframe and UL ACK/NACK subframe.
5. Implicit Association of CCE and ACK/NACK
It has been agreed that ACK/NACK resource indication will be implicitly tied to the lowest CCE index used to form the downlink scheduling assignment.  However, for TDD, the UE may receive several assignments in different DL subframes within the same ACK/NACK response window and thus the implicit relationship should be clarified.  Several options are available as outlined below –
1. ACK/NACK resource indication is mapped to only the lowest CCE index of the 1st scheduling assignment.  This will prevent the eNB from using that CCE as a starting CCE of a PDCCH in subsequent DL subframes within the scheduling window (CCE blocking).  Although this could lead to scheduling difficulty due to CCE blocking, this will require the least amount of ACK/NACK resource to be provisioned.  An example of this option is shown in Figure 3-(a).
2. ACK/NACK resource indication is mapped to the lowest CCE index and DL subframe of the 1st scheduling assignment.  This is illustrated in Figure 3-(b). In this case, there is no problem with CCE blocking but large amount of ACK/NACK PUCCH resource must be provisioned.  This can lead to very high overhead, especially for allocation with large DL to UL imbalance.
3. ACK/NACK resource indication is mapped to the lowest CCE index and the DL subframe group of the 1st scheduling assignment.  This is shown in Figure 3-(c).  This method is a hybrid of the above two methods where the possible DL subframes are divided into groups and each group is mapped to a unique ACK/NACK PUCCH region.   This effective reduces the number of ACK/NACK resource while at the same time alleviate the issue of CCE blocking.

[image: image3]
Figure 3.  Possible association of CCE and ACK/NACK PUCCH.
Note that option 3 does not prevent the eNB from implementing options 1 and 2 by defining the group size appropriately. It should be noted that this solution is probably required for the 8DL:1UL allocation, where the uplink subframe will have to carry ACK/NACK for up to 9 possible DL subframes.  Naturally, it is desirable to restrict the number of acknowledgements that can be carried in one feedback.  As a result, multiple ACK/NACK PUCCH regions should be defined with each associated with a group of DL subframes.  This implies scheduling restriction where a UE can only be scheduled within one group of DL subframes.  In such a heavily asymmetric downlink allocation (i.e. large amount of DL traffic), this is not expected to be a problem.
Recommendation – 

· ACK/NACK resource indication is mapped to lowest CCE index and the DL subframe group of the 1st scheduling assignment.  The group size can be eNB implementation specific.  Note that this does not prevent the eNB from implementing options 1 and 2 shown above by defining the group size appropriately.
6. Conclusions
This contribution addresses several issues regarding transmission of multiple ACK/NACK in the uplink for TDD.  It is proposed that –

· UE can be configured in one of the following two modes

· 1-subframe feedback: eNB is restricted to schedule only 1 DL subframe to this UE within an ACK/NACK response window or UE uses ACK/NACK bundling if eNB schedules multiple DL subframes.  UE configured in this mode will use PUCCH format 0 or 1.
· N-subframe feedback: UE is configured to ACK/NACK for up to N downlink subframes (e.g. N=2 or 4).  The actual number of feedback bits obviously depends on the MIMO mode.  UE configured in this mode will use PUCCH format 2.
· Joint coding is used for multiple ACK/NACK transmission using the same block code as CQI coding agreed in RAN1#51-Bis.

· PUCCH format 2 (modulated CAZAC sequences) is used to transmit multiple ACK/NACK bits.
· Only UL subframe with corresponding DL subframes would be configured ACK/NACK PUCCH resource.

· Map ACK/NACK for a specific set of DL subframes to only 1 UL subframe (e.g. as listed in Table 1).  No overlapping or flexibility in the relationship between DL data subframe and UL ACK/NACK subframe.
· ACK/NACK resource indication is mapped to lowest CCE index and the DL subframe group of the 1st scheduling assignment.  Note that the group size can be eNB implementation specific.
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