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1. Introduction

In RAN1#67 the following options and preferences for PUCCH format 1b with channel selection were observed:
For open-loop TxD transmission in FDD

· Alt 1: SORTD for 2bits. E-SORTD2 (LGE’s proposal) with mapping table defined for both data and RS.

Support: RIM, LGE, Nokia, NSN, Huawei, Hi-Silicon

· Alt 2: PVS for 2-4 bits (assuming no RAN1 impact) 

Support: Qualcomm, CATT, Nokia, NSN

· Alt 3: PVS for 2-4 bits (assuming some minimal RAN1 impact)

Support : Qualcomm, CATT, Nokia,  NSN

· Alt 4: SORTD for 2bits. Spatial bundling on the 3-4 A/N bits and apply SORTD on the resulting 2 bits

Support: ZTE, Samsung, Ericsson, ST-Ericsson, Qualcomm, Huawei, Hi-silicon 

For open-loop TxD transmission in TDD

For M=1 case, same as the solution in FDD

For M>1 case

· PVS – same as FDD

Support: Qualcomm, CATT, Nokia, NSN

· SORTD – requires more than 4 PUCCH resources for M>2 case

Support: LGE, Huawei, Hi-silicon, ZTE, Samsung, Ericsson, ST-Ericsson

· E-SORTD2

Support: RIM,  Nokia, NSN, 

In order to reduce the number of alternatives, this contribution investigates BLER performance of SORTD, E-SORTD2, PVS, and transmit antenna selection, in comparison with single antenna transmission (1Tx).

Additionally, some simulation results are presented on the impact of DL HARQ-ACK spatial bundling.

The purpose of a transmit diversity scheme is to split the transmit power to multiple antennas to statistically average out single link fast fading effects so that the receiver experiences a less varying receive power. Each transmitted single symbol subject to diversity is orthogonalized between the multiple links to enable the receiver to obtain independent estimates for the diversity transmissions and weight them according to their received SNRs.
SORTD achieves this orthogonalization by means of different resources for the transmit antennas. E-SORTD2, compared to SORTD comes with a decreased resource requirement by introducing reference symbol resource selection independent from data symbol resource selection.

Strictly speaking, PVS and transmit antenna selection achieve transmit diversity in the time domain.

2. Discussion of the FDD case
2.1 PUCCH format 1b with channel selection BLER performance
For the purposes of this analysis, we provide block error rate results with a block being comprised of a PUCCH format 1b with channel selection codeword. Since no DTX transmission is the vast majority case, for simplicity we excluded DTX detection from the study. So the receiver here simply has to detect a transmission alphabet of size 16.

We use the detector type A [R1-113906, LGE] since we found this one to be the best performing.
On top of considering the mandatory uncorrelated transmit antenna case, we consider the correlated transmit antenna case with correlation coefficient 0.9 according to the 3GPP reference channel [2] chapter B.2.3 high correlation case. While it is clear that transmit diversity techniques rely on uncorrelated transmit antennas, investigating the correlated case reveals the robustness properties of the presented schemes. In this regard, we also introduced a simulation parameter introducing a random inter antenna phase constant over a subframe (RandPhase ( {0,1}) to account for possibly unsynchronized RF oscillators, which is expected to be effective for the correlated case, as if not applied, the phase between the two antennas would be nearly the same.  

From the simulation results presented in Annex 4.1, we observe the following: 

Observations:
· For the uncorrelated transmit antenna case for BLER target 0.1%

· E-SORTD2 obtains ~1.6dB gain over 1TxAnt

· E-SORTD2 tends to perform slightly worse (~0.2dB) than SORTD

· PVS tends to obtain small gains (~0.25dB) over 1TxAnt

· TxAntSelection outperforms all schemes by a gain of ~3.6dB over 1TxAnt
· For the correlated transmit antenna case for BLER target 0.1%
· PVS is vulnerable to correlated antennas with aligned phase

· Independent phase puts PVS in a similar class as SORTD & E-SORTD2 with slight underperformance (~0.9dB)

· SORTD & E-SORTD2 tend to perform worse than 1TxAnt (~1dB)

· TxAntSelection tends to perform better than 1TxAnt (~0.3dB)

Note that these findings regarding PVS are aligned with the findings made by [R1-112305, Renesas].

Proposals:

· Exclude PVS from further study, due to its minor performance gain in uncorrelated antenna case and its sensitivity to antenna correlation
· For FDD, focus decision on E-SORTD2 for A={3,4} 
2.2 Impact of DL HARQ-ACK spatial bundling
By spatially bundling the DL HARQ-ACK bits in case of spatial multiplexing on at least one carrier, the three or four A/N bits would be mapped to a two bit alphabet enabling usage of [36.213, Table 10.1.2.2.1-3], which only consumes two PUCCH resources rather than three or four for the respective non-bundling cases. 

As up to four resources for PUCCH 1b w\CS TxD are seen as acceptable by RAN1, SORTD would be employable, which appears attractive as SORTD is also the chosen technique for all other PUCCH TxD formats, thus limiting standardisation effort and complexity.

Nevertheless, care needs to be taken about the impacts of this bundling to DL spatial multiplexing throughput performance. 
In [R1-113758, ZTE], DL system level impacts are obtained indicating throughput losses of 1.8% for cell average and 1.33% (3km/h) and 2.15% (30 km/h) for cell edge due to HARQ-ACK spatial bundling. As the assumed initial BLER target is not specified in that contribution, one could assume 10% BLER target. It should be further noted, that 4 Tx antennas are assumed for the eNodeB.
As those results appear promising, we performed link level with MCS adaption simulations as presented in Annex 4.2. 

Observation:

These results indicate that DL HARQ-ACK spatial bundling gives a 7% throughput loss for two layer transmission over the practical range of SNRs for 10% initial BLER target.
It is expected that the average cell throughput and edge throughput will have less degradation, because only UEs with a sufficiently good radio link can perform two-layer transmission and experience such loss. However, the trade-off consideration should not be based on the average cell/edge throughput loss. If the UE’s radio link conditions do not allow two-layer transmission, spatial bundling will not be performed, so that the DL HARQ-ACK spatial bundling does not have an advantage over SORTD without spatial bundling. Therefore, a fair statement for the spatial bundling scheme is that it results in 7% throughput loss (for 10% initial BLER) whenever it is applied. 
We consider 7% DL throughput loss to be rather significant given the limited benefit associated with spatial bundling (mostly simplicity), especially if the system is DL limited. We also note that increased DL initial BLER targets could result even higher throughput losses due to spatial bundling of DL HARQ-ACK and we do not want to preclude application of those higher BLER targets.

Concluding observation and proposal:
While DL HARQ-ACK spatial bundling accompanied by enabling straightforward SORTD application for PUCCH format 1b with channel selection TxD appears attractive in terms of standardization effort and complexity, our results indicate significant impact to DL throughput performance due to the bundling.

At the current state of discussion and contributions, we cannot agree to DL HARQ-ACK spatial bundling for the FDD case. Further study is needed to potentially change this position.
3. Discussion of the TDD case
As observed in 2.1, transmit antenna selection with ideal channel state information can obtain significant gains over single transmit antenna in the case of uncorrelated antennas. For TDD, it may be assumed that channel state information for antenna switching may be obtained by exploiting channel reciprocity.

We note that up to now no real progress has been made in RAN1 in obtaining resource efficient SORTD-like schemes suitable for the M>1 TDD codebooks.

Although as a working assumption it was agreed to try to find common solutions for FDD and TDD, this seems challenging due to the fundamental differences of the two duplex modes.

For M=1, in principle both approaches (E-SORTD2 and Tx Antenna Selection) would be possible. Some companies already put M=1 into the same class as FDD with regard to transmit diversity. However, due to the attractive performance antenna selection with ideal channel state information provides, if it is agreed to be feasible for TDD M>1, it appears straight forward to enable it also for the TDD M=1 case.
As Transmit Antenna Selection is Layer 1 transparent to a large extent, no RAN1 impact is expected for this approach. 

Proposal
· Consider transmit antenna selection for TDD 
4. Conclusion
On PUCCH format 1b with channel selection transmit diversity, we conclude the following:

· For FDD

· E-SORTD2 is a valid approach with close to SORTD performance but with halved resource requirements
· PVS does not appear to show significant gain in uncorrelated antenna case  and is shown to be vulnerable to antenna correlation and thus should be excluded from further study

· DL HARQ-ACK spatial bundling seems simple and straight forwards, but initial study shows significant impact on DL throughput performance; further study would be required to conclude on DL HARQ-ACK spatial bundling

· For TDD

· Transmit antenna selection is shown to have potential to provide superior link level performance, given the UE can obtain a channel estimate exploiting channel reciprocity; it might such be further considered, if consensus on other approaches especially on M>1 cannot be made 
5. Annex

5.1 Simulation parameters and results for 2.1

	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	{1,2} Tx, 2Rx
If  the parameter RandPhase is set to 1, add additional phase to second antenna constant over subframe after to statistical correlation; this will reflect non synchronized RF parts between the two Tx antennas

	Tx/Rx antenna correlation
	Uncorrelated and correlated 0.9

	Channel estimation
	Practical (Averaging of 12 subcarriers and 3 symbols)

	CP type
	Normal CP

	Timing & Frequency offset
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	2

	A/N bits
	4 bits

	Statistics
	Mean BLER over N=100,000 subframes

	SORTD
	Use Rel’10 mapping table for first antenna, use Rel’10 mapping table with an offset of four to the PUCCH resource index for second antenna

	PVS
	Use Rel’10 mapping table, apply spatial precoding [1 1] for first slot and [1 -1] for second slot

	E-SORTD2
	Apply mapping table as given by [R1-113183]

	Tx Antenna selection
	Ideally obtain instantaneous power per transmit antenna’s channel and use the one with higher power

	1 Tx
	Use Rel’10 mapping table
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5.2 Simulation parameters and results for 2.2

	Carrier Frequency 
	2.6 GHz

	System Bandwidth
	10 MHz

	Antenna configuration
	2x2 uncorrelated

	Receiver
	MMSE

	Channel estimation
	ideal

	Channel profile
	EPA 5Hz

	Transmission mode
	Closed loop 2 layers (TM4), no rank adaption

	Allocation
	15 PRBs

	Initial BLER target
	10%

	HARQ retransmissions
	3

	CSI
	1/20 ms, ideal reception, no rank adaption 

	PDCCH, PCFICH decoding
	ideal
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