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1 Introduction
There have been some discussions about two antennas transmit diversity (TxD) scheme for PUCCH in a number of contributions [1]~[5]. The common view is that the TxD scheme for PUCCH should meet the following requirements,
· Single carrier property (low CM)
· Flexible multiplexing with LTE Release-8 UEs (backward compatibility)
Among the candidate schemes, orthogonal resource transmission (ORT) [2] is shown to have the best performance and flexibility (ORT can be used for all PUCCH formats). For ORT, each antenna is allocated one orthogonal sequence and uses the sequence to transmit control information. When the same control information is transmitted from different antennas by using different orthogonal sequences, it can achieve transmit diversity gain which has been discussed and shown in [1]~[5]. In addition to TxD, it is also possible to transmit different control information over antennas with different orthogonal sequences in the form of spatial multiplexing. 
In LTE-A, and especially for asymmetric carrier aggregation, an increased amount of control information compared to Rel.8, such as ACK/NACK and CQI, needs to be transmitted in the uplink. In an asymmetric carrier aggregation, uplink control information corresponding to several downlink carriers needs to be transmitted in fewer or even one uplink carrier. Therefore spatial multiplexing for PUCCH should be considered in LTE-A to increase uplink control channel capacity.
It can be observed that under the definition of ORT,  we can further distinguish two special cases, namely the space orthogonal resource transmit diversity (SORTD) [3] and space orthogonal resource spatial multiplexing (SORSM). The corresponding diversity/multiplexing gain of these schemes depends on the number of available orthogonal sequences and transmit antennas.
Furthermore, in addition to two antenna transmission for PUCCH, high end UEs with four transmit antennas are also considered in LTE-A to support up to 4 layer uplink MIMO to fulfill the requirement of peak data rate.  The ORT schemes discussed here are extendable to four transmitter antennas.
In this document, ORT is further analyzed in the form of SORTD and SORSM when there are two and four transmit antennas, and the related link evaluation results of SORTD and SORSM are given. Also the impact of UE transmit antenna gain imbalance (AGI) due to hand gripping of the two antenna UE handset on PUCCH performance is evaluated.
2 Orthogonal Resource Transmission
2.1 Space Orthogonal Resource Transmit Diversity
When transmitting PUCCH format 1a/1b/2 control information, the same modulated control symbol is transmitted from all antennas by using an antenna specific sequence which for each antenna is mutually orthogonal. The transmission structure of two and four antennas is illustrated in Fig.1a and Fig.1b.
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Fig.1a. Two antenna transmission structure of SORTD 
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                                           Fig.1b. Four antenna transmission structure of SORTD
2.2 Space Orthogonal Resource Spatial Multiplexing
In LTE-A, carrier aggregation is supported in downlink to obtain wider system bandwidth, and there is one HARQ entity per aggregated carrier. The associated CQI and ACK/NACK information feedback for each downlink aggregated carrier needs to be feed back to the eNB. If we assume that each carrier has same amount of control information to feed back as LTE Release-8 (Rel.8), then the total overhead of PUCCH in LTE-A will be proportional to the number of downlink aggregated carriers and for asymmetric carrier aggregation, this information may need to be transmitted in a single uplink carrier component [7]. 
In order to feed back such large amount of uplink control information on PUCCH in LTE-A, multiple sequence transmission for PUCCH are considered. In LTE Rel.8, the UE uses one transmit antenna to transmit PUCCH by using one sequence.  This can not straightforwardly be extended to multiple sequence transmission over one antenna because multiple sequence transmission per antennas will destroy the single carrier property. However, an LTE-A UE equipped with multiple transmit antennas can be allocated one sequence per antenna to transmit different control information per antenna. The SORSM is thus different from SORTD since multiple modulated control symbols are transmitted over multiple antennas simultaneously in the form of spatial multiplexing. Each antenna maintains the single carrier property even though more control information is conveyed. Therefore, also SORSM should be considered in LTE-A as a multiple antenna PUCCH transmission scheme to support carrier aggregation. 
The corresponding transmission structures for two symbol spatial multiplexing are shown in Fig.2a and Fig.2b for two and four TX antenna UEs respectively.  
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Fig.2a. Two antenna transmission structure of SORSM
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Fig.2b. Four antennas transmission structure of SORSM where two control symbols are transmitted from four antennas. 
Comparing SORTD and SORSM, the used number of sequence is same, but the sequences are used for achieving transmit diversity and improving capacity respectively. The performance of these two cases are simulated and compared in the following section.
3 Link simulation results
The simulation assumptions and the BER/BLER curves of different simulation cases can be found in Appendix I and II respectively. The required SNR for each scheme to reach BER/BLER target is summarized in Table 1 and Table 2. Here, the BER target for format 1b is 10-3 and BLER target for format 2 is 10-2.
Table 1 The required SNR [dB] to reach BER=10-3 for PUCCH format 1b.
	PUCCH transmission scheme
	Number of multiplexed PUCCH
	Number of transmit antennas
	Single UE
	Four UEs multiplexed

	SIMO
	1
	1
	-5.2
	-4.7

	SORTD
	1
	2
	-6.9
	-6.6

	
	1
	4
	-7.3
	-7.1

	SORSM
	2
	2
	-2.0
	-1.6

	
	2
	4
	-3.6
	-3.4


Table 2 The required SNR [dB] to reach BLER=10-2 for PUCCH format 2.
	PUCCH transmission scheme
	Number of multiplexed PUCCH
	Number of transmit antennas
	Single UE

	                SIMO
	1
	1
	-2.2

	                SORTD
	1
	2
	-4.2

	
	1
	4
	-4.9

	SORSM
	2
	2
	1.0

	
	2
	4
	-1.2


        The following is observed from the simulation results in Table 1 and 2:

· For PUCCH format 1b (ACK/NACK)
· Using SORTD without interference (single UE), 2TX and 4 TX has about 1.7 dB and 2.1 dB gain over SIMO respectively.
· Using SORTD with interference (four UE), 2TX and 4 TX has about 1.9 dB and 2.4 dB gain over SIMO respectively.

· Using SORSM with two multiplexed PUCCH, a power boost of 3.2 dB and 1.6 dB is needed to achieve same PUCCH coverage as in LTE Rel.8, i.e. SIMO for 2TX and 4TX respectively (assuming single UE) .
· For PUCCH format 2 (CQI),   
· Using SORTD the gain is 2.0dB and 2.7 dB over SIMO for 2TX and 4TX respectively (assuming single UE).
· Using SORMS with two multiplexed PUCCH, a 3.2 dB and 1.0 dB power boost is needed for 2TX and 4TX case respectively to achieve same coverage as LTE Rel.8, i.e. SIMO.
In the following tables, the results with antenna gain imbalance are presented for 2TX antenna UEs.
Table 3 The required SNR [dB] to reach BER=10-3 for PUCCH format 1b with AGI. Single UE 

	PUCCH transmission scheme
	AGI

	
	      0dB
	3dB
	6dB

	                        SIMO
	-5.2
	NA
	NA

	2TX  SORTD
	      -6.9
	    -5.6
	  -4.1

	2TX SORSM with 2 PUCCH multiplexed
	w/o Slot-level antenna hopping
	      -2.0
	     0.4
	    3.0

	
	Slot-level antenna hopping
	      -2.7
	    -1.0
	    0.3


            Table 4  The required SNR [dB] to reach BER= 10-2 for PUCCH format 2 with AGI. Single UE.                   
	PUCCH transmission scheme
	AGI

	
	      0dB
	3dB
	6dB

	                        SIMO
	-2.2
	NA
	NA

	2TX  SORTD
	      -4.2
	    -2.9
	  -1.7

	2TX SORSM with 2 PUCCH multiplexed
	w/o Slot-level antenna hopping
	       1.0
	     3.2
	   6.0

	
	Slot-level antenna hopping
	       0.8
	     2.4
	   3.8


To summarize the case with antenna gain imbalance for 2TX UE:
· For PUCCH format 1b, there is a large performance loss for both SORTD and SORSM. In the case of serious antenna gain imbalance, e.g. 6dB, the performance loss is about 3dB for SORTD and 5dB for SORSM. A similar loss is observed also for format 2.
· Slot level based antenna hopping can reduce the impact of AGI to some extent. In the case of 3dB and 6dB AGI, there is about 1dB and 2dB performance improvement respectively compared to no slot hopping.
It is found that the gain of 4TX SORTD over 2TX is not that obvious, and therefore it is not necessary, at least not for Format 2, to allocate four sequences for obtaining fourth order transmit diversity considering the limited capacity of PUCCH resource due to user multiplexing.
However if there already are four sequences available as in Format 1a/1b where the sequence allocation is implicit, the use of 4TX SORTD should be considered and there is not sequence capacity problem. For PUCCH format 1a/1b, the number of available sequences is implicitly decided by the number of control channel elements (CCEs) of PDCCH. When one PDCCH has four CCEs, there will be four corresponding sequences reserved for the UE that could be used to improve Format 1a/1b detection performance. The further discussion on the 4TX SORTD for format 1a/1b can be seen in [6].
Another observation is that power boosting is needed for SORSM to maintain the same coverage as in LTE R8. Multiple PUCCH transmissions form one UE comes from the support of carrier aggregation and since carrier aggregation is mostly focus on UEs with high SNR, a power boost for this kind of UEs may not be a big problem. Regarding the power boost, 4TX can save 1.6dB~2dB power compared to 2TX, and thus 4TX hybrid SORSM and SORTD should be considered.
Finally, we discuss the impact of AGI on the performance of PUCCH with two antenna transmission. For SORTD, the performance is even worse than SIMO under the assumption that SIMO use one 23 dBm power amplifier (PA) and SORTD use two 20 dBm PAs. If on the other hand, the UE has two 23 dBm PAs then the one of them could be switched off and the UE will operate in SIMO transmission mode. Hence, the possibility to switch off antennas (or PAs) should be possible also in TX diversity transmission mode.

For SORSM, when the AGI is 3dB and 6dB, one of multiplexed control symbols has no performance change compared to no AGI, but there will be 3dB and 6dB performance loss respectively for the control symbol transmitted on the antenna with bad channel, which is the major reason to degrade the performance of SORSM. If antenna hopping is used for SORSM, each control symbol goes through two antennas and the performance of two control symbols is balanced resulting in a performance improvement.
4 Conclusion

In this contribution, Orthogonal Resource Transmission is further discussed in the form of transmit diversity (SORTD) and spatial multiplexing (SORSM) in the case of two and four transmit antennas at the UE.  Based on the simulation results and analysis, there are the following conclusion,
· ORT is proposed to be considered for LTE-A PUCCH transmission because of the better performance and flexibility.

· The gain of 4TX SORTD over 2TX is not significant, and the obtained performance gain and resource usage need to be balanced.

· SORSM can be considered as a multiple antennas PUCCH transmission scheme to support carrier aggregation (especially for asymmetric configurations) where amount of control information to be transmitted is larger.
· Antenna hopping can be considered for PUCCH SORSM to improve the impact of AGI.
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Appendix I                                                        
Table 3   Simulation assumptions
	Parameter
	Value

	Channel bandwidth 
	5MHz

	Sampling frequency 
	7.68MHz

	IFFT size
	512

	Channel model
	ETU channel without correlation

	Velocity
	3km/h

	Antenna configurations
	1×2,  2×2，4×2

	Channel estimation
	Realistic

	PUCCH format
	1b,2

	Frequency hopping at slot boundary
	Yes
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	2

	Number of CQI bits
	10


Appendix II
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Fig. 3.   single UE (SORTD, format 1b)                       Fig.4. four UEs (SORTD, format 1b)
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Fig.5. Single UE (SORSM, format 1b)                         Fig.6. Four UEs (SORSM, format 1b)
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Fig.7.  Single UE (SORTD, format 2)                       Fig.8.  Single UE (SORSM, format 2) 
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Fig.9. Single UE (SORTD, format 1b with AGI)              Fig.10. Single UE (SORSM, format 1b with AGI)
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Fig.11. Single UE (SORTD, format 2 with AGI)             Fig.12. Single UE (SORSM, format 2 with AGI)
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