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1. Introduction

The necessity of a new TxD scheme for PUCCH Format 3 is under discussion and an email discussion on the related topic until meeting #67 was summarized in the report [1] by three proposals as follows:

Proposal 1: The CA scenario to consider is 2 or more DL CCs. Furthermore, in TDD DL-heavy configurations can be assumed. Potential usage of Format 3 for CSI feedback signalling as well as ACK/NACK and CSI multiplexing as well as CoMP can also be taken into account. 

Proposal 2: When presenting the analysis, companies should indicate which assumtion they have used and which aspects have been taken into account.

Proposal 3: DL system simulations are not necessary for the overhead analysis. UL system level simulations can be used to study the impact of inter-cell interference on the practically achievable multiplexing capacity.  

Based on this, the scenario to consider for PUCCH Format 3 enhancements includes also the use of PUCCH format 3 A/N transmission together with CSI which can range between 1 and 11 bits depending on the CSI reporting mode and PUCCH type. Also for CoMP feedback the payloads are expected to be relatively large. 

In this contribution we investigate the potential benefits and neccessity of a new resource efficient TxD scheme for PUCCH Format 3 taking into account the range of paylads under consideration.
2. Capacity enhancement by a new transmit diversity scheme

The required SINR to meet the A/N performance requirements for ETU channel without interference and AGI is shown in Figure 1 below. The MSFBC scheme attains almost the same required SINR as the Rel.10 SORTD scheme but with the benefit of using only one Format 3 resource (given that OCC may need to be introduced for the RS). 

When A/N is combined with CSI, the required SINR for a given payload will change compared to the only ACK/NACK transmission case; some initial results of such scheme were given in [2]. It is noted that for a given payload, the required SINR increase with the increase of the number of A/N bits, due to the lower requirements on CQI BLER. It shall also be noted that with the multiplexing of A/N and CQI, if introduced, will make the use of larger Format 3 payloads more frequent, also in the case of aggregation of only 2 CC and therefore the normal operating point is moved to higher SINR values even in the two carrier aggregation case.

As an example, with PUCCH Mode 1-1 which reports rank, wideband PMI and CQI for a 4 antenna eNB require 1-2, 8 or 11 CSI bits respectively depending on the rank so the total payload assuming DL MIMO on both CC is 5-6, 12 or 15 bits respectively, which for PMI and CQI roughly imply operation in the SINR region around -2.5 dB at least.   

The curve in Figure 2 shows the median and cell edge SINR as a function of the number of used resources per RB (simulator assumption given in the Appendix). At -2.5 dB SINR, at most 2 UEs can be multiplexed in PRB pair at the cell edge and this indicates that there may be a capacity problem when using PUCCH format 3 type of at these ranges of payloads.  
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Figure 1 Simulation results in 2x2 ETU channel with normal receiver. AGI=0dB. No interference.
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Figure 2 PUCCH SINR distribution, 3GPP Case 1 channel, open loop PC 
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Figure 3 PUCCH Format 3 capacity at the cell edge

To investigate this further, in Figure 3, we have combined the required SINR from Figure 1 with the actual cell edge SINR of Figure 2 to find the multiplexing capacity for PUCCH Format 3 for single antenna, SORTD and the new TxD scheme. First of all, note that SORTD has inferior capacity compared to single antenna transmission, even though it has a gain in the link performance.  Hence, there are no capacity reasons to enable SORTD in a cell. Secondly, it is noted that a new transmit diversity scheme enables a capacity increase of 1-2 UEs per RB compared to single antenna transmission up to 14 bits. As discussed above, the interesting payload range for CA with 2 CC with A/N and CSI feedback is 12-15 bits.    

Observation 1: A new resource efficient TxD scheme provide a capacity benefit over single antenna port transmission whereas the existing Rel.10 TxD scheme does not provide any benefit and even a loss for some payloads.

For larger payloads, the required SINR increases and also due to the fact that ACK/NACK may be combined with CSI makes the required SINR relatively high that it could become a coverage limiting channel for CA enabled UEs. If the required SINR increase from -6 dB to -3 dB, then PUCCH format 3 would reach a minimum coupling loss comparable to PRACH/Msg3 [3] which is a potential UL limiting factor.  The introduction of TxD would then give a coverage enhancement over Rel.10 operation if at the same time capacity is a concern (since SORTD gives the about same coverage enhancement).  

Observation 2: The link gain that TxD provides may in some scenarios with aggregation of multiple CC provide a coverage gain for the PUCCH.
3. Conclusion

A new resource efficient TxD scheme has shown to provide a capacity and potentially a coverage benefit. It is therefore recommended that 

· RAN1 agrees to introduce a new resource efficient TxD scheme for PUCCH Format 3. 

· If  RAN1 agree to introduce CSI + carrier aggregation A/N transmission using a PUCCH Format 3 type of structure, the same TxD scheme should apply to this new PUCCH format as well
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5. Appendix 

.
System evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,

UE speed (km/hr)
	10 MHz, 3 km/hr

	SINR target PUCCH
	10 dB

	PUCCH Power control
	Open loop 

	Channel 
	3GPP Case 1, 3D model

	Fading 
	TU

	Channel
	1TX 2 RX

	Number of cells
	21

	Base sequence correlation
	1 (not modeled)


