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1 Introduction

PUCCH transmission diversity (TxD) for PUCCH format 2/2a/2b is beneficial in Rel-10 to: 

a) Maintain Rel-8 coverage in case of simultaneous PUSCH and PUCCH transmissions (offset CM penalty).

b) Provide diversity in frequency non-selective channels (such as for pico/femto/indoor cells).

For PUCCH formats 2/2a/2b and Rel-8 CQI payloads, candidate TxD methods include SORTD and STBC without slot-based frequency hopping (FH) [1, 2]. STBC without FH always results in paired symbols (block coding gain of STBC is provided to all sub-frame symbols) while requiring only a single cyclic shift (CS) resource. Although frequency diversity from FH is not obtained, if it exists, this is fully offset, even for the most frequency selective channels, by improved channel estimation. The gain is most dramatic where it is needed the most; at low SINRs and in frequency flat channels [1]. This trend is only reinforced as TxD is introduced or as the number of eNodeB receiver antennas increases.
2 TxD for PUCCH Format 2 – Rel-8 Payloads
Figure 1 presents the CQI BLER for UE/eNodeB with 1/2 Tx/Rx antennas, the ETU and EPA channels, with/out FH, and (20, 4), (20, 10) RM codes. With FH, the 2 RBs are at the 2 opposite ends of a 10 MHz BW for maximum frequency separation. Considering that 1%-10% target BLER, it can be observed that FH is neutral to detrimental for the ETU channel (high frequency selectivity), and it is detrimental by over 1 dB for the EPA channel (low frequency selectivity) which is the one causing the performance limitation and benefits the most from additional diversity. 
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Figure 1: CQI BLER with/out FH for (20, 10) and (20, 4) RM – 1x2, ETU/EPA, 10 MHz.
Figure 2 presents the CQI BLER for the same configurations as in Figure 1, but for UE/eNodeB with 1/4 Tx/Rx antennas. It can be observed that the additional degree of receiver antenna diversity results to FH being always detrimental.  
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Figure 2: CQI BLER with/out FH for (20, 10) and (20, 4) RM – 1x2, ETU/EPA, 10 MHz.

Figure 3 presents the CQI BLER for SORTD with/out FH and for STBC without FH (uncorrelated Tx antennas), for 2 eNodeB Rx antennas, the ETU/EPA channels, and (20, 4) RM code. SORTD without FH outperforms SORTD with FH (by as much as 1 dB). STBC without FH achieves similar BLER (0.1 dB – 0.2 dB worse) as SORTD without FH.
[image: image5.png]BLER

SORTD with/out FH vs STBC without FH. (20,4) RM Code. ETU, 10 MHz, 3 Kmph.
10 T T T T T T T
;| == ORTD, No FH
-8~ STBC, No FH
=% ORTD, FH

102 i i 1 i i i i

15 14 13 12 11 10 9 8 7
SNR (dB)



           [image: image6.png]BLER

SORTD with/out FH vs STBC without FH. (20,4) RM Code. EPA, 10 MHz, 3 Kmph.
10 T T T T

T
;| == ORTD, No FH
-8~ STBC, No FH
=% ORTD, FH

102 i i 1 i
-15 -14 -13 -12 -11 -10 -9 -8 -7

SNR (dB)




Figure 3: CQI BLER for SORTD with/out FH and STBC without FH. ETU&EPA channels, (20, 4) RM code.

Figure 4 presents the CQI BLER for SORTD with/out FH and for STBC without FH (uncorrelated Tx antennas), for 2 eNodeB Rx antennas, the ETU/EPA channels, and (20, 10) RM code. SORTD without FH outperforms SORTD with FH (by as much as 1 dB). STBC without FH achieves similar BLER (0.2 dB – 0.4 dB worse) as SORTD without FH.
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Figure 4: CQI BLER for SORTD with/out FH and STBC without FH. ETU&EPA channels, (20, 10) RM code.

Comparing the BLER in Figure 3 or Figure 4 to the BLER in Figure 1, TxD provides 1 dB – 3 dB gains, depending on the channel and the target BLER. For the most challenging target (EPA at 1% BLER), the gain is about 3 dB. 
Based on the results in Figures 1-4, the following conclusions can be made:
a) Slot-based frequency hopping is not beneficial

a. It is always detrimental in case of: frequency non-selective channels, TxD, or >2 eNodeB Rx antennas; it is neutral in case of highly frequency selective channels without TxD.
b) SORTD (no FH) outperforms STBC (no FH) by 0.2 dB – 0.4 dB at the expense of doubling the overhead.  

It is noted that there is no issue with supporting PUCCH Formats 2a/2b using STBC without FH.

Based on the above, STBC (no FH) is preferable because:

a) For the performance limiting channels most benefiting from TxD (frequency non-selective channels as in pico/femto/indoor cells) and for the scenarios for which performance is to be optimized and TxD is most beneficial (e.g. low UE speeds), the performance difference between SORTD and STBC is about 0.2-0.3 dB.
b) Doubling the overhead to support TxD for low CQI payloads is not justified as it will directly result to significant UL system throughput loss (depending on the number of UEs with >1 Tx antenna).

c) Doubling the overhead is practically entirely detrimental in case of correlated antennas.

d) Doubling the overhead is practically entirely detrimental in case of AGI.

e) Doubling the overhead to support TxD should also be avoided due to CA in Rel-10 where the Pcell conveys all PUCCH. Even though the Pcell is UE-specific, in many cases the same Pcell provides the best link conditions for all UEs (e.g. for inter-band operation). Overloading the Pcell is already a concern and doubling the CQI overhead is likely to be prohibitive as CQI is already the main source of PUCCH overhead [5]. 
f) Limiting the use of SORTD to only a few UEs in order to avoid increasing the overhead effectively makes SORTD worse than STBC in terms of performance and places additional burden on the eNodeB for properly identifying (with possible errors) UEs for which TxD would be most beneficial. Moreover, as the configuration of resources is through RRC, turning TxD On/Off is an inefficient process and cannot address changes in channel conditions (e.g. “corner effects”) in a timely manner.

Finally, it is noted that if different PUCCH resources in time are assigned for CSI reporting from different cells (current baseline), the CSI payloads remain as in Rel-8. If larger payloads are supported, it is preferable to use periodic PUSCH regardless of the number of UE transmitter antennas [6]; then, SORTD is not applicable while STBC can easily be used. 
Proposal: TxD for PUCCH formats 2/2a/2b is based on STBC without FH.

3 Conclusions

This contribution considered candidate TxD methods for PUCCH formats 2/2a/2b and proposes that:

TxD for PUCCH formats 2/2a/2b is based on STBC without FH.
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