3GPP TSG-RAN WG1 Meeting #66
R1-112378
Athens, Greece, August 22-26, 2011

Agenda item:

6.2.2.2
Source:
Nokia Siemens Networks, Nokia
Title:
On PUCCH Transmission diversity for Format 3 and Format 1b with channel selection

Document for:

Discussion and Decision

1.
Introduction
Current Work Item Description for LTE Carrier Aggregation Enhancements mentions enhancements related to uplink transmission diversity schemes for PUCCH [1]:
•
Possible improvements in the related signalling for the use of LTE carrier aggregation, including 

Enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection.
This contribution summarizes our views and preferences regarding the transmission diversity for both PUCCH format 1b with channel selection and PUCCH format 3. 
2.
Transmission diversity methods for PUCCH format 1b with channel selection
Framework

Transmission diversity is not specified for PUCCH channel selection in Release 10. However, several Tx-diversity methods were identified and analyzed during Release 10 standardization [2-10]. The identified methods were SORTD (Spatial Orthogonal Resource Transmit Diversity), SCBC (Space Code Block Coding) [2], modified SORTD [3], RSTD (Resource Selection Transmit Diversity) [5] and PVS (Precoder Vector Switching) [7]. It was observed that SORTD has the best performance among the considered schemes. The problem of SORTD with channel selection is high PUCCH resource consumption resulting in significantly decreased multiplexing capacity. This is because of the fact that separate PUCCH channels are needed for both transmit antenna ports in SORTD. PUCCH channel selection needs relatively high number of resources even with single antenna transmission, e.g., 4 PUCCH channels are needed with 4 bits. Multi-antenna transmission using SORTD would even duplicate the number of channels needed so that 8 PUCCH format 1b channels would be required for carrying  just 4 bits information.
In SCBC, the spatial block coding is applied over PUCCH Format 1b channels [2]. The benefit of SCBC over SORTD is that multi-antenna transmission can cope with the same amount of PUCCH resources/channels as single antenna transmission. In [6] it was observed that the performance of basic SCBC is not sufficient in the case of fully implicit resource allocation. However, as pointed out in [2], SCBC does not suffer from these problems in the case of explicit resource allocation where multiple resources subject to channel selection are located on the same PRB. In this case RS signals from different antennas can be allocated to fixed channels. In this contribution we present a minor modification for SCBC that makes it compatible with fully implicit resource allocation and benchmark it against SORTD. 
The other limitation is that SCBC can be used only for even number of PUCCH channels. Thus, it is directly applicable for 2 and 4 bits A/N feedbacks but needs some modifications for 3 bit feedback. One possible modification would be to use 4 bits mapping table with reduced constellations for 3 bits. That approach results still in 33% smaller resource consumption compared to SORTD.
Performance Evaluation

Performance comparison between single-antenna-port transmission, SORTD and modified SCBC in two channel types, Pedestrian channel and Typical Urban channel are shown in Figure 1 and Figure 2.  The simulation assumptions are given in Table 3.  For SORTD and single antenna port transmission, the same constellation and mapping according to Table 1 are used for both antenna ports and slots .
In modified SCBC,  the signal of the first antenna port in the first slot equals to Table 1 and the signal of the second  antenna port in first slot is shown in Table 2.  And, in order to equalize performance of bits, the order of PUCCH channels are changed  for the second slot.  Mathematically, the mapping  for second  slot of antenna port #1  (Y, where Y is size-4 vector containing modulation symbols of  second  slot on antenna port #1  for all for PUCCH channels used) can expressed as function of mapping  used for first slot  on antenna port #1 (X, where X is size-4 vector containing modulation symbols of  first  timeslot of  antenna port #1 for all for PUCCH channels used):

   Y=[X(3) X(0) X(1) X(2)] 

The space coding is then applied between consecutive channels similarly as in the first slot.    Mathematically, the signal for second slot of antenna port #2 ( Y’) can be expressed as a function of mapping used for the first slot on antenna port 1:
   Y'=[-conj(X(0)) conj(X(3)) -conj(X(2)) conj(X(1))] .  

The Ack False Alarm rate is selected so that SNR requirement considering both ACK Miss Detection (1%) and NACK ACK (0.1%) requirements   is minimized.  This optimization results that Ack False Alarm rate of 0.3% was  used with SCBC and 1% with SORTD and single antenna port transmission respectively.  The SNR  requirement for  ACK Miss Detection and NACK to ACK as function of ACK False Alarm Rate are shown in Figure 3 (APPENDIX).  

When both ACK Miss Detection (1%) and NACK ACK (0.1%) requirements are taken into account and ACK False Alarm rate is set ≤ 1 %, there is about 0.4 dB difference between SCBC and SORTD.  On the other hand, with ACK False Alarm requirement  less than 0.5 %, there is  no performance difference between  SCBC and  SORTD as can be seen from Figure 3.  The gain from transmission diversity over single antenna port transmission is about 1 dB in both PA and TU channels.
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Figure 1. Performance comparison between single antenna port transmission, SORTD and SCBC based channel selection diversity schemes in Pedestrian channel for 4 bits A/N feedback .
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Figure 2. Performance comparison between single antenna port transmission, SORTD and SCBC based channel selection diversity schemes in Typical Urban channel for 4 bits A/N feedback.
Observation:
· Based on the framework and simulation results, it is possible to specify transmission diversity scheme for channel selection having capacity close to single antenna port transmission and performance close to SORTD.
2. TxD for PUCCH Format 3
Framework

The possible transmission diversity methods identified during Release 10 were SORTD, space coding  in frequency or time and FSTD.  The performance comparison of different schemes was   provided in [9-19].  It was observed that performance differences among the considered transmit diversity proposals are small.   The SORTD  was selected for Release 10 because is has slightly better performance than the other schemes.  
Again, the problem of SORTD is high resource consumption resulting that only 2 UEs per PRB can be supported.  The multiplexing capacity problem is further emphasized with  PUCCH  Format 3 because it can not co-exist in the same PRB with PUCCH Format 1/2.  Furthermore, when considering Tx diversity schemes for PUCCH Format 3, possibility to use Tx diversity in combination with payload extension schemes should also  be considered.
Observation:

· The diversity methods for PUCCH format 3 should be studied further by taking into account both the gain over single antenna port mode transmission as well as the multiplexing capacity. 
4.
Conclusions
In this contribution, we discussed transmission diversity methods for the PUCCH multi-A/N signalling methods. 

We propose that transmission diversity scheme having minimal impact to resource consumption and the signalling needs to be specified for PUCCH Format 1b with channel selection.  Diversity methods for  PUCCH format 3 should be studied further taking into account both the gain over single antenna port mode transmission as well as the multiplexing capacity. 
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Appendix
Table 1 Constellation and channel  mapping for channel selection  according TS 36.213, used for first antenna port in the first time slot
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Table 2 SCBC coding for second antenna port in the first timeslot
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Table 3 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 Pedestrian  5 and Typical Urban 80

	Antenna setup
	1x2 and 2x2

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver
	 MLD
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Figure 3. SNR requirements for 1% ACK Miss Detection  and 0.1% NACK to ACK as function of ACK  False Alarm Rate.
� EMBED Equation.3  ���
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