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1.
Introduction
Transmit diversity for PUCCH format 1b with channel selection has been discussed in recent RAN1 meetings. In RAN1#66bis [1], it was agreed as a working assumption to specify a transmit diversity scheme for PUCCH format 1b channel selection. In RAN1#67 [2] and RAN1#68 [3], there was further discussion on the topic. However, no agreement on the transmit diversity scheme was reached. It was encouraged in RAN1#68 to show motivation for introducing transmission diversity for the PUCCH format 1b with channel selection. 

In this contribution we revisit the performance of transmit diversity schemes for PUCCH format 1b with channel selection.
2. Performance Evaluation

The benefit of PUCCH Format 1b transmit diversity over single antenna port transmission is a lower SNR requirement.  In this section we verify with UL system simulations whether the lowered SNR requirement results in improved multiplexing capacity  in practice. In other words, we study whether it is the increasing inter-cell interference or limited PUCCH format multiplexing capacity that starts to limit first the use of the potential TxD scheme to increase practically multiplexing capacity of PUCCH. In evaluation, the RSTD 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 [5].

Link level performance comparison between single antenna port (SAP) transmission and RSTD is shown in Figure 1 for 4-bit payload in Pedestrian-A channel. The Ack False Alarm rate is selected so that SNR requirement considering both ACK misdetection (1%) and NACK-to-ACK (0.1%) requirements is minimized. Results show that a gain of about 1.2 dB over single antenna port transmission can be obtained by using RSTD. 
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Figure 1 ACK misdetection and NACK-to-ACK ratios as a function of SNR. Antenna imbalance 0 dB, 4-bit payload
In the system level evaluations it was assumed that the same PRB is shared for both PUCCH Format 1a and PUCCH Format 1b with channel selection. Furthermore it was assumed that the same frequency band, or PRB, is used for PUCCH Format 1a and 1b with channel selection in all the surrounding cells. The number of PUCCH Format 1a UEs per cell was a variable (8-12 UEs) in the simulations while the number of PUCCH Format 1b with channel selection UEs was fixed to 1, 2 or 3. The maximum number of available PUCCH resources per PRB was limited to 18.  SINR-based PC with full path loss compensation was used. Two SINR targets were set for PC based on simulated SINR requirements for PUCCH Format 1a and PUCCH Format 1b with channel selection. PUCCH Format 1a UEs were assumed to transmit only in single antenna port mode so -8 dB SINR requirement was used. The SINR requirements used for PUCCH Format 1b with channel selection were -7.5 dB and -6.3 dB with and without TxD (RSTD), respectively. Simulations were done in the 3GPP evaluation case 1 with 19 three-sector sites, i.e., in total 57 cells were assumed. Complete simulation assumptions and cumulative distribution of SINR for both PUCCH Format 1a UEs and PUCCH Format 1b with channel selection UEs are shown in Appendix.
Figures ‎2 and ‎3 show outage ratio as a function of number of UEs per PRB when PUCCH Format 1a UEs are multiplexed to same PRB with UEs using PUCCH Format 1b with channel selection. Results are shown in Figures ‎2 and ‎3 for 1 and 2 UEs using PUCCH Format 1b with channel selection, respectively. In the figures, total number of UEs is shown on x-axis containing both PUCCH Format 1b with channel selection and PUCCH Format 1a UEs.
Based on the results it can observed that RSTD scheme improves performance slightly by reducing outage or improving practical multiplexing capacity by allowing to multiplex one additional Format 1a UEs per PRB. However, system level gain of RSTD reduces to zero when there are more than 2 UEs using PUCCH Format 1b with channel selection. This can be seen from Figure ‎14 which shows that it is possible to serve 6 PUCCH Format 1a UEs and 3 UEs using PUCCH Format 1b with channel selection per PRB already with single antenna transmission. In this case, use of RSTD cannot increase the number of multiplexed UES as that is limited by the maximum multiplexing capacity of PUCCH format.  
Furthermore, it can also be seen that SORTD provides smaller system level benefit than RSTD. The maximum number of Format 1a UEs is limited to 10 UEs when there is one SORTD UE on the same PRB. In that case, SORTD and RSTD can provide comparable outage performance based on results in [5]. But already with two SORTD UEs using PUCCH Format 1b with channel selection, the maximum number of Format 1a UEs on the same PRB is limited to 2.
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Figure 2 Outage as function of number of UEs per PRB.  Combination of 1 PUCCH Format 1b channel selection UE and 9-12 PUCCH Format 1a UEs per PRB is shown
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Figure 3 Outage as function of number of UEs per PRB.  Combination of 2 PUCCH Format 1b channel selection UEs and 9-11 PUCCH Format 1a UEs per PRB is shown.
2. Discussion
The obvious observation is that Tx diversity provides gain over single antenna port transmission, and that there are TxD schemes available that do not increase the PUCCH overhead significantly. Bearing in mind that PUCCH format 1b with channel selection is the only PUCCH format not benefiting from multiple Tx antennas in Release 10, we are see that a TxD scheme should be specified for it in Release-11, i.e., working assumption from RAN1#66bis should not be reverted.
Proposal: Keep the working assumption from RAN1#66bis to specify a TxD scheme for PUCCH format 1b with channel selection.
Regarding the selection of the TxD scheme for PUCCH format 1b with channel selection, the main candidates on the table are SORTD, and E-SORTD2 or RSTD. SORTD achieves full diversity at price of considerably increased UL resource usage. The increased UL resource usage limits the system level benefits achievable with SORTD. 

In E-SORTD2 ‎[4], the problem of increased UL resource usage is avoided by using the RS and data portions of a PUCCH resource separately to increase the number of possible codewords. Transmit diversity is achieved with mapping of the codewords on the antenna ports. The link level results in Figure 1 show that the available spatial diversity gain for 4 bits can be obtained by using the same number of resources as with single antenna transmission without need to perform e.g. spatial bundling to reduce the effective number of A/N bits. 

The limitation with respect to E-SORTD2 and RSTD is that the paired PUCCH resources in practice need to be allocated on the same physical resource block (PRB). Otherwise the performance degrades due to channel estimation inaccuracy especially in the case when there is antenna gain imbalance.  This can be handled with appropriate PDCCH scheduling restrictions in eNB implementation or with a standard modification on PUCCH resource mapping ensuring that PUCCH resource pair remains on the same PRB.  We see that implementation of PDCCH scheduling restrictions is rather complicated as it requires CCE assignment behaviour specific for UEs configured with transmit diversity. Hence we prefer a simple modification on the PUCCH resource mapping. 
Among transmit diversity schemes our preference is E-SORTD2 because of its reasonable PUCCH resource consumption and link level performance comparable to SORTD.
3.  Conclusions
In this contribution, we discussed transmission diversity methods for the PUCCH format 1b channel selection. We presented link level results as well as system level results that take into account the maximum multiplexing capacity of PUCCH format. From the presented results, we observe that:

Observation: Transmit diversity can provide gain over single antenna port transmission for PUCCH Format 1b with channel selection

We also note that there are TxD schemes available that maintain acceptable PUCCH overhead. Given this and also the fact that PUCCH format 1b with channel selection is the only PUCCH format not benefitting from TxD, we propose:

Proposal: Keep the working assumption from RAN1#66bis to specify a TxD scheme for PUCCH format 1b with channel selection.
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Appendix
Table 1 Simulation assumptions

	Parameters
	Value

	Scenario
	3GPP 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 PC

	CP type
	normal CP

	Number of UEs per PRB
	1-18

	Number of PRBs for PUCCH
	1

	Receiver
	MLD (frequency domain)


In the following figures, SINR distribution is presented for PUCCH Format 1a UEs (blue) and UEs using PUCCH Format 1b with channel selection (red). Dashed lines represent PC SINR target and solid lines the realised SINR distribution. Figures are grouped into 3 sets according to the number of UEs per PRB using PUCCH Format 1b with channel selection.
Set of figures related to Figure 2: 1 UE per PRB using PUCCH Format 1b with channel selection.
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Figure A‑1   1 UE using PUCCH Format 1b with channel selection and SAP transmission and 12 PUCCH Format 1a UEs per PRB

[image: image5.emf]-10 -8 -6 -4 -2 0 2 4 6

10

-2

10

-1

10

0

SINR

CDF


Figure A‑2 1 UE using PUCCH Format 1b with channel selection and SAP transmission and 11 PUCCH Format 1a UEs per PRB
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Figure A‑3  1 UE using PUCCH Format 1b with channel selection and SAP transmission and 10 PUCCH Format 1a UEs per PRB
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Figure A‑4 1 UE using PUCCH Format 1b with channel selection and SAP transmission and 9 PUCCH Format 1a UEs per PRB 
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Figure A‑5 1 UE using PUCCH Format 1b with channel selection and RSTD and 12 PUCCH Format 1a UEs per PRB
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Figure A‑6 1 UE using PUCCH Format 1b with channel selection and RSTD and 11 PUCCH Format 1a UEs per PRB
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Figure A‑7 1 UE using PUCCH Format 1b with channel selection and RSTD and 10 PUCCH Format 1a UEs per PRB
Set of figures related to Figure 3: 2 UE per PRB using PUCCH Format 1b with channel selection.
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Figure A‑8 2 UEs using PUCCH Format 1b with channel selection and SAP transmission and 11 PUCCH Format 1a UEs per PRB
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Figure ‎A‑9 2 UEs using PUCCH Format 1b with channel selection and SAP transmission and 10 PUCCH Format 1a UEs per PRB 
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Figure A‑10  2 UEs using PUCCH Format 1b with channel selection and SAP transmission and 9 PUCCH Format 1a UEs per PRB
[image: image14.emf]-10 -8 -6 -4 -2 0 2 4 6

10

-2

10

-1

10

0

SINR

CDF


Figure A‑11 2 UEs using PUCCH Format 1b with channel selection and RSTD and 11 PUCCH Format 1a UEs per PRB 
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Figure A‑12 2 UEs using PUCCH Format 1b with channel selection and RSTD and 10 PUCCH Format 1a UEs per PRB
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Figure A‑13 2 UEs using PUCCH Format 1b with channel selection and RSTD and 9 PUCCH Format 1a UEs per PRB
 Figure for 3 UE per PRB using PUCCH Format 1b with channel selection.
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Figure A‑14 3 UEs using PUCCH Format 1b with channel selection and SAP and6 PUCCH Format 1a UEs per PRB 
