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Discussion
1
Introduction
This contribution presents proposals on providing support for DTX signalling on the PUCCH. By DTX signalling we mean the capability of distinguishing between DL PDCCH decoding errors and PDSCH decoding errors.  This feature is naturally supported by PUCCH formats 0 and 1 but in the current agreed framework for the CQI+ACK multiplexing [1] for normal cyclic prefix length, it is not supported. 
We note that utilizing DTX detection in the eNB may remain an optional feature but in order to enable DTX detection, the UL PUCCH signalling would require slight modifications.  We discuss these in the present contribution.  
2 Discussion
2.1  Advantages of DTX Signalling

DTX signalling on the PUCCH enables the eNB to detect a condition when the DL PDCCH was not decoded. This is beneficial because of the following:

1. With DTX detection the eNB can make a better choice regarding the HARQ redundancy version to be retransmitted. 

a. In the case of DTX, the PDCCH was not decoded by the UE, so the UE has no demodulated PDSCH information stored in its HARQ buffer, so in this case the best is to retransmit RV=0. 

b. In the case of non-DTX + NAK, the PDCCH was decoded by the UE but the PDSCH was not, so the UE does have a received version of RV=0 stored in its HARQ buffer, and in this case it is better to retransmit another RV, for example RV=1. 

2. With DTX detection, the eNB can estimate the DL PDCCH decoding error rate for individual UEs and it can more optimally allocate resources (# of CCE’s and power) for PDCCH transmissions for each individual UE, or for the collection of all UEs. 
2.2  Lack of DTX Signalling Capability in Current Schemes

DTX signalling naturally occurs when transmitting PUCCH format 0 or 1. In this case, missing the PDCCH by the UE will indeed result in a PUCCH DTX, which is detectable by the eNB (if the eNB employs a 3-state receiver in the case of SIMO or 5-state receiver in the case of MIMO).  

When the ACK is multiplexed with CQI on the PUCCH; however, such type of DTX signalling does not naturally occur because the CQI would be transmitted anyway irrespective of the PDCCH decoding result. In a scheme where CQI+NAK is encoded as the same transmit waveform as CQI alone (i.e. standalone CQI with no ACK multiplexing), such as the currently agreed scheme in [1], the DTX detection by the eNB is not possible. 
The currently agreed scheme [1] modulates the PUCCH reference signal (PUCCH RS) with the ACK information. In every slot, there are two RS symbols transmitted to provide phase reference for PUCCH decoding with normal cyclic prefix length. In the case of CQI only transmission, the two symbols are set to ‘1’.  In the case of CQI+ACK transmission, the first of the two RS symbols is still set to ‘1’ but the second symbol can be set to ‘1’ or ‘-1’ to signal ACK or NAK in the SIMO case, or it can be set to one of four QPSK symbols to signal NAK/NAK, ACK/NAK, NAK/ACK or ACK/ACK for the two MIMO streams. For example, NAK/NAK=’1’, ACK/NAK=’j’, NAK/ACK=’-j’, ACK/ACK=-1. Other mapping or other selection of the constellation points could also be possible. 
Note that the actual transmitted symbols could be 45 degree rotated in order to match the conventional QPSK constellation.   
We propose small modifications to the currently agreed scheme in order to make DTX detection by the eNB possible. 
2.3  Modified ACK+CQI Encoding

We propose separate encoding options for the cases of DL SIMO and DL MIMO.  For each case, we give two alternate options; therefore there can be four different combined solutions. Since the SIMO and MIMO operating modes are distinct, any of the four combinations would be possible. 
2.3.1  DL SIMO Operation

In the case of DL SIMO, we could have two alternate schemes: 
1. SIMO_A: Set the first RS symbols to ‘1’ as in [1], and set the second RS symbol to one of three QPSK symbols (i.e. a three element subset of the four-element QPSK constellation). One possibility is the following : 
a. NAK = 1

b. ACK = -1

c. DTX = j
The above mapping minimizes NAK(ACK decoding errors for the QPSK constellation when independently decoding ACK/NAK/DTX based on the modulated RS symbols.  Note that the more conventional QPSK constellation is { [(1,1), (1,j), (1,-j), (-1,-j)] / sqrt(2) }, which is a 45 degree rotation of the constellation assumed above. The DTX signalling can be applied to either definition.  
2. SIMO_B: Add a bit in addition to the CQI information bits and encode it jointly with the other CQI bits. When a linear code is used, such as the agreed Reed-Muller (RM) encoding [2] (more precisely RM or RM with computer generated extension), then the additional information bit simply toggles between linearly adding or not adding a particular RM (or computer generated) basis vector.  

2.3.2  DL MIMO Operation

In the case of DL MIMO, we could also have two alternate schemes: 

1. MIMO_A: Don’t add DTX signalling. UEs in MIMO mode on the average are at higher geometries, therefore the PDCCH decoding error rate can be reduced with a smaller DL power overhead compared to SIMO users on the average. Therefore, the lack of DTX signalling will have a smaller impact.  

2. MIMO_B: Add a bit in addition to the CQI information bits and encode it jointly with the other CQI bits. If the agreed RM encoding [2] (more precisely RM or RM with computer generated extension) is used, then the additional information bit simply toggles between linearly adding or not adding a particular RM (or computer generated) basis vector. 
2.4
Receiver Implementation and Performance Considerations

When the eNB had not scheduled DL transmission for the UE corresponding to the current PUCCH subframe, then the eNB decoder can safely condition the PUCCH decoding assuming the DTX state, i.e. it decodes assuming that DTX was signalled by the UE.  For all the proposed options, the decoding performance in this case will be identical to the performance with the current scheme [1].  For the same reason, the addition of DTX will not impact the performance of the CQI-only format.  

When the eNB had scheduled DL transmission for the UE corresponding to the current PUCCH subframe, then in general, the eNB has to look for three hypotheses in the case of SIMO_A and SIMO_B, and for five hypotheses in the case of MIMO_B. If the eNB receiver employs an ML receiver to jointly decode CQI and ACK, then the selection of hypotheses will occur by way of selecting the correct set of combined hypotheses. 

As an example, we can consider that in the case of SIMO_B, the combination of DTX encoded with CQI, and ACK encoded with RS, can be excluded from the set of ML hypotheses. Similarly, for MIMO_B, any combination of DTX encoded with CQI, and other than NAK/NAK encoded with the RS, can be excluded. 
Based on the above considerations, the overall impact of DTX signalling on PUCCH decoding performance could be expected to be moderate.    
3
Conclusions

Proposals were presented for signalling missed PDCCH condition on the UL PUCCH when the PUCCH carries CQI multiplexed with ACK information in the same subframe for normal cyclic prefix length. Two signalling options were given for DL SIMO and one solution was given for DL MIMO. 
We recommend that one of the proposed options should be adopted for LTE in order to further optimize the DL/UL link performance.  
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