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1 Introduction
In the current version of the physical layer specification 36.213 [1] section 10.1, there is one open issue on TDD ACK/NACK spatial bundling for PUCCH format 3 mode 1. From the previous agreement ACK/NACK feedback in PUCCH format 3 mode 1 is defined as the following [2]
· 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

The issue is on the detailed way of spatial bundling when the total number of ACK/NACK bits to feed back goes beyond 20 in the TDD case. More specifically, there are two possible ways to lower the payload size in that case, i.e., 

· Option #1: Spatial ACK/NACK bundling is applied for all the DL subframes for each configured CC

· Option #2: Spatial ACK/NACK bundling is applied only for a subset of the DL subframes and/or the configured CCs 

As an example, Figure 1 shows how these two options lower the payload size. For both options the payload size is 24 bits before bundling, while the payload size after spatial bundling would be 12 bits and 20bit for option #1 and option #2, respectively. 
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Fig. 1
Example of spatial bundling, three DL subframes, four configured CCs with transmission mode #3, 4, 8 and 9 (for the example of Option #2 spatial bundling is done first across cells as in [3])
In the contribution, we discuss the two options from system performance and also complexity point of view. We conclude from the discussions that Option #1 is preferred for spatial ACK/NACK bundling in PUCCH format 3 mode 1. 
2 Discussions on the two options
System performance
The motivation for having Option #2 seems to be the better throughput performance due to possibly less spatial ACK/NACK bundling. This however is not necessarily realistic since what really matters in this case is the probability of unnecessary retransmissions due to ACK missing. As discussed in [6] the likelihood of the event “2 CWs transmission & one CW is NAK & another CW is ACK” is rather limited. It has also been shown by separate evaluations in [4] and [5] that the system throughput loss from spatial ACK/NACK bundling is on the order of 1%. Based on these evaluations, one could expect that the performance difference between option #1 and #2, i.e., spatial bundling for all subframes/CCs or just a subset of subframes/CCs, is even less. Therefore we have the following observations regarding system throughput performance
Observation #1 The system throughput performance difference between Option #1 and Option #2 is negligible (on the order of 1% or less). 
From observation #1 it seems that any further optimization on top of Option #1 (which is the most straightforward solution) is not justified. Yet we will discuss on the complexity of these two options in the following. 
Complexity
As discussed above, Option #1 is the most straightforward way, i.e., it only needs to be specified that when the payload size is greater than 20, spatial ACK/NACK bundling will be carried for all the subframes/CCs. In the current version of TS 36.213, it is enough to update the wording “[all or some of]” to “all” to close this issue. 
One the other hand, with Option #2 the determination of the exact spatial bundling pattern has to be specified to avoid misunderstanding between the two sides of the link. First it needs to be discussed and decided whether the spatial bundling is first done across the cells or the subframes. With this decided, the UE behavior in doing spatial bundling needs to be further specified such that the payload size after bundling would fulfill 
2*X + Y = 20 bits, and
X + Y = N_configured_CCs * N_DL_subframes
where X is the number of  ‘blocks’ (corresponding to DL transmission(s) within one DL subframe for a given CC as shown in Figure 1) for which two bits ACK/NACK are transmitted, and Y is the number of ‘blocks’ for which one spatially bundled ACK/NACK bit is generated.
Note that in Rel-8 when UE is configured with ACK/NACK multiplexing, spatial bundling is applied for the DL subframes, regardless of whether two times M (i.e., the size of the DL association set) would be greater than 4 or not. 

Besides the extra specification effort, Option #2 may have implication on the eNB scheduler. For example, as shown in Figure 1, for Option #2 spatial ACK/NACK bundling will be applied for subframe #1, but not for subframe #2/#3 for CC #3. In this case, eNB scheduling of new or re- transmissions as well as OLLA for CC #3 would be complicated in comparison with the case of Option 1.    
3 Conclusion
In this contribution we discuss on details of spatial bundling for PUCCH format 3 mode 1. From system performance point of view there seems to be no clear difference between the two options as listed in section 1. Based on the discussions we propose to adopt option #1 for PUCCH format 3 mode 1, i.e., spatial ACK/NACK bundling is applied for all the DL subframes for each configured CC if the payload size would be greater than 20. 
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