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1.
Introduction
It was decided in RAN1#67bis that  RAN1 shall perform overhead analysis for PUCCH format 3 before deciding on the detailed transmit diversity scheme. 
 The benefit of new TxD schemes over SORTD is lower PUCCH overhead due to improved multiplexing capacity. Additionally, the benefit over single antenna port transmission is lower SNR requirement for certain number of ACK/NACK bits . Lower SNR requirement results in lower inter-cell interference which potentially allows for allocating more UEs on the same PRB resulting in lower overhead. In this contribution we verify with UL system simulations if the lowered SNR requirement or improved multiplexing capacity can be utilized in practice, i.e. will the increased inter-cell interference or limited multiplexing capacity start to limit the usefulness of the potential new TxD scheme. In evaluation, the SFCB-M is selected for comparison as example of a new TxD scheme because its performance appears to be the best among the candidates presented so far [1-9].
2. Tx diversity schemes
SFBC-M
In SFBC-M,  the SFBC-M encoded signal on the second antenna is a conjugated, cyclically shifted and phase rotated version of the signal on the first antenna. Following  the notation in Figure ‎2‑1, the second antenna signal can be expressed as a function of the first antenna signal s: 
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Figure ‎2‑1 Space coding
3. Performance evaluation
In this chapter we verify with UL system simulations if the improved multiplexing capacity of new TxD scheme can be utilized in practice, in other words, we check whether the increased inter-cell interference (due to larger number of multiplexed users) starts to limit the usefulness of the potential new TxD scheme.
Figure ‎3‑1 illustrates cumulative distribution of SINR for 1 to 6 simultaneous UEs. Simulation is done in evaluation case 1 with 19 three-sector sites, i.e., in total 57 cells is assumed.  Complete simulation assumptions are given in the Appendix. The system was assumed to be fully loaded with frequency reuse of 1/1. Furthermore it was assumed that the same frequency band is used for control signaling in all the surrounding cells. The number of interfering UEs in the neighboring cells was a variable (1-6 UEs). SINR-based PC with full path loss compensation was used. The same SINR target is used for all the UE. The SINR target was optimized for coverage area probability of 95 %. We note that the PUCCH capacity is interference limited and it does not depend too much on the cell size. 
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Figure ‎3‑1 PUCCH SINR Distribution
Figure ‎3‑2 illustrates the maximum allowed number of UEs allocated to single PRB as a function of number of A/N bits for SORTD, Single Antenna Port transmission and SFBC-M. The results are generated by combining 95 % SINR values from Figure ‎3‑1 and link level results provided in Appendix.  Some conclusions can be drawn based on these results: 
· When the number of A/N bits is less than 8, there is no system level gain from new TxD scheme because performance is limited by multiplexing capacity of PUCCH format 3. Even with single antenna transmission it is possible to serve 5 UE/PRB in the cell, i.e. there is no benefit from Tx diversity.
· When the number of A/N bits is more than 14, there is no system level gain from new TxD scheme because the performance is limited by inter-cell interference.  I.e. introduction of a new TxD scheme does not help since the inter-cell interference limits the number of user up to 2 anyway --> no benefit for a new Tx diversity scheme compared to SORTD
· When the number of  A/N bits  is between 8 and 14,  new TxD scheme improves multiplexing capacity slightly by allowing to multiplex 1-2 UE’s more  for single PRB 
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Figure ‎3‑2  The maximum supported number of UEs  allocated to single a PRB as a function of number of A/N bits for SORTD, 1-Tx and SFBC-M transmission schemes 
4.
Conclusions
In this contribution, we discussed the PUCCH overhead of transmission diversity for PUCCH format 3 taking into account PUCCH geometry and inter-cell interference. We observed that new diversity schemes improve multiplexing capacity only when the number of A/N bits is between 8 and 14, allowing to multiplex 1-2 UEs  more into a single PRB.  With other number of A/N bits, we do not see benefits since the performance is limited by either multiplexing capacity or inter-cell interference.
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Appendix
Table 1 Simulation assumptions

	Parameters
	Value

	Scenarion
	3GGP CASE 1

	System bandwidth
	10 MHz 

	Channel model
	 Typical Urban 

	Antenna setup
	1x2 

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical 

	Power Control
	SINR based closed loop

	CP type
	normal CP

	Number of UEs per PRB
	1-6

	Number of PRBs for PUCCH
	1, aligned over the cells

	Receiver
	 MLD (frequency domain)


Table 2 Required SNR [dB] and SNR gain over 1Tx for Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% - ETU 3km/h, Detector type A [3] 
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2

-6.7

0

-7.13

0.44

-7.16

0.47

-7.81

1.12

-7.82

1.12

-7.82

1.12

4

-6.12

0

-6.8

0.67

-6.8

0.67

-7.29

1.16

-7.22

1.1

-7.25

1.12

6

-5.17

0

-6.1

0.94

-6.12

0.95

-6.2

1.04

-6.38

1.21

-6.91

1.74

8

-3.95

0

-5.02

1.07

-5.06

1.11

-5.17

1.22

-5.28

1.32

-5.78

1.82

10

-2.27

0

-3.98

1.7

-4.15

1.88

-4.49

2.22

-4.38

2.11

-5.1

2.83

12

-1.19

0

-0.16

-1.03

-3.12

1.93

-3.35

2.16
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1.94

-3.84

2.65
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-0.01

0
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