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1 Introduction
At RAN1#66, some guidelines for selection of transmit diversity (TxD) scheme(s) were given, which are

· PUCCH overhead as close as possible to single antenna case

· Performance significantly improved compared to single antenna and as close as possible SORTD

· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP 
In addition, a number of candidate TxD schemes for format 1b with channel selection proposed by different companies has been initially discussed [1]~[8], and it was proposed to compare these schemes using the agreed guidelines. These candidate TxD schemes include SORTD[1]

 REF _Ref304455857 \r \h 
[2]

 REF _Ref304455859 \r \h 
[5], PVS[3], Antenna Port Selection [4], E-SORTD (Enhanced SORTD)[5], RSTD (Resource Selection Transmit Diversity)[6], M-SORTD2 [7] and SCBC(Space Code Block Coding)[8]. 
In this document, we discuss and compare all these candidate TxD schemes according to the guidelines, which will reflect the requirement doing the tradeoff analysis for CA topic. Based on the discussion, the following is proposed
· Four resources are used for 2/3/4 bits TxD scheme
· SORTD is the TxD scheme for 2 bits case
· E-SORTD is the TxD scheme for 3 and 4 bits case 
2 Guidelines for format 1b with channel selection  
Although the agreed guidelines are for both format 1b with channel selection and PUCCH format3, due to the different transmission structure of these two formats, it is needed to first identify the major guidelines for selecting the TxD scheme of format 1b with channel selection. 
According to the discussion at the last meeting, the last bullet of the guidelines is mainly for PUCCH format 3 because the type of CP will impact on the number of available DM-RS and the multiplexing capacity of PUCCH format 3 in case of using TxD. However, for format 1b with channel selection, there is no such impact, and therefore this guideline needs not be considered.
Regarding the case of antenna gain imbalance (AGI), it was considered during Rel-10 uplink spatial multiplexing design for PUSCH and the precoding vector with antenna selection element is adopted for power saving. As the AGI can be measured by eNB based on sounding reference signal (SRS), the eNB can also configure to use single antenna port transmission as Rel-8 for PUCCH instead of TxD when AGI occurs. Furthermore, it is expected that AGI would have the same impact on the performance of all the TxD schemes using two antennas for transmission simultaneously because the antenna with large degradation will not contribute to TxD gain. Hence, our understanding is that AGI has no serious impact on the TxD scheme selection and it will not be taken into account during the TxD scheme discussion in this contribution. 
3 Discussion on TxD scheme for format 1b with channel selection
3.1 Performance comparison
As the basic motivation introducing TxD scheme is to guarantee the coverage in low geometry or power limited scenario, the selected TxD scheme shall provide promising gain at least. In Rel-10, there is no TxD scheme defined for format 1b with channel selection, and therefore single antenna port (SAP) transmission is the baseline and the TxD scheme should show significant gain over SAP.

In this section, link level simulation is performed for all these candidate TxD schemes and SAP. In the simulation, the first case is without inter-cell interference (ICI) modeling and the second case considers the existence of ICI. For the ICI modeling, it is assumed that single interfering UE in an adjacent cell transmitting with the same transmit diversity scheme as the desired UE [9], and the desired UE and interfering UE use different base sequence and cyclic shift for transmission. To compare the performance of all the candidate TxD schemes in the case with ICI, the simulation is only done for the case of 4 bits ACK/NACK transmission. In the simulation with ICI, it is assumed that the power ratio of interfering and desired UE is -3dB and -6dB. 
According to the current proposal for these candidate schemes[1]~[8], SORTD, PVS and Antenna Port Selection can be applied for 2/3/4 bits, E-SORTD is applied for 3/4bits, and the remaining schemes including RSTD, M-SORTD2 and SCBC are only for 4 bits. It is noted that Antenna Port Selection is related to power amplifier (PA) configuration. Here we consider that two PAs are configured as 23dBm or 20dBm which is up to UE implementation. 
The simulation assumptions are listed in Table 6. Three cases Pr(DTX->ACK), Pr(ACK->NACK/DTX) and Pr(NACK-ACK) are simulated for each scheme. The required SNR shall fulfil the following requirements

· Pr(DTX->ACK)≤10-2 
· Pr(ACK->NACK/DTX) ≤10-2   
· Pr(NACK->ACK)≤10-3
The required SNR [dB] for each scheme are summarized in Table 1 and 2. 
Table 1: Required SNR [dB] for SAP and different TxD schemes without ICI 
	TxD schemes
	Number of ACK/NACK bits

	
	2
	3
	4

	SAP
	-7.5
	-7.0
	-6.2

	SORTD
	 -8.7
	-7.8
	-7.2

	PVS
	-7.9
	-7.3
	-6.4

	Antenna Port Selection with 23dBm PA
	-9.5
	-8.6
	-8.0

	Antenna Port Selection with 20dBm PA
	-6.6
	-5.6
	-4.9

	E-SORTD
	-
	-7.5
	-6.5

	RSTD
	-
	-
	-6.9

	M-SORTD2
	-
	-
	-5.0

	SCBC
	-
	-
	-6.0


Table 2: Required SNR [dB] for SAP and different TxD schemes with ICI in case of 4 bits

	TxD schemes
	ICI 

	
	-3dB power offset
	-6dB power offset

	SAP
	-
	-2.8

	SORTD
	-4.8
	-6.4

	PVS
	-
	-4.0

	Antenna Port Selection with 23dBm PA
	-2.5
	-6.0

	Antenna Port Selection with 20dBm PA
	0.7
	-3.1

	E-SORTD
	 -2.8
	-5.3

	RSTD
	-3.0
	-5.6

	M-SORTD2
	-
	-3.0

	SCBC
	-2.3
	-5.0


Based on the simulation results, there are the following observations：
For the case without ICI                                                           

· Antenna Port Selection with 23dBm PA has 1.6~2.0dB gain over SAP and it provides the best performance among these candidate schemes. However the configuration with 20dBm PA has the worst performance and it is even worse than SAP because of 3dB transmit power reduction. 

· PVS provides 0.2~0.4dB gain over SAP which aligns with the observation in [10].
· SORTD gives 0.8~1.2 dB gain over SAP, which is better than other schemes except for Antenna Port Selection with 23dBm PA.

· E-SORTD  provides 0.5dB and 0.4dB gain over SAP in case of 3 and 4 bits respectively
· RSTD provides 0.7dB gain over SAP in case of 4 bits,
·  M-SORTD2 and SCBC is worse than SAP 
For the case with ICI
· SORTD provides the best performance regardless of 3dB or 6dB interference power offset. The reason is that eight channels (or sequences) are defined for each of the two cells in the simulation, and two channels are selected for each transmission which can achieve better interference randomization.
· PVS and M-SORTD2 have error floor when the power ratio of interfering UE and desired UE is -3dB. 
· Antenna Port Selection with 23dBm PA is worse than E-SORTD and RSTD in case of -3dB dB power ratio, but it is better than E-SORTD and RSTD in case of -6dB power ratio. As the selected antenna port is based on SRS and it cannot accurately reflect the ICI in PUCCH, Antenna Port Selection does not work well in case of serious ICI.

· E-SORTD is slightly worse than RSTD, and they provide significant gain over SAP and are better than SCBC.
As there are several possible PA configurations in case of uplink multiple antenna transmission and the PA configuration is up to UE vendor[11], it may happen that both 20dBm and 23dBm PA configuration UEs coexist in practical system. Due to the worse performance in case of 20dBm PA configuration, Antenna Port Selection is not preferred as the TxD scheme for format 1b with channel selection.
Thus, from performance improvement perspective, SORTD, E-SORTD and RSTD can be considered. 
3.2 Overhead comparison 
As the overhead of TxD scheme impacts on the multiplexing capacity in the system, it is desired to have PUCCH overhead as close as possible to SAP.  The number of required resource for each scheme is shown in Table 3. According to Table 3, there are the observations

· PVS and Antenna Port Selection have the same resource overhead as SAP

· E-SORTD, RSTD, M-SORTD2 and SCBC have the same overhead as SAP in case of 4 bits
· E-SORTD requires one more resource than SAP in case of 3 bits 
· The number of resource for SORTD is doubled compared to SAP
As there is the concern on the resource overhead of SORTD especially for 3 and 4 bits based on the previous discussion, the number of required resources in case of 3 and 4 bits should be less than 6 and 8 respectively. Furthermore, considering the overhead of the remaining schemes in Table 3 and the performance comparison in Section 3.1, it is reasonable to assume there are four resources for 3 and 4 bits when TxD is applied. 
For 2 bits case, SORTD is the only one scheme which can provide significant and robust performance gain over SAP, and therefore it is proposed that SORTD is the TxD scheme for 2 bits and the number of required resource is 4 as well.
Table 3: Number of required resource for SAP and different TxD schemes 
	TxD schemes
	Number of ACK/NACK bits

	
	2
	3
	4

	SAP
	2
	3
	4

	SORTD
	4
	6
	8

	PVS
	2
	3
	4

	Antenna Port Selection 
	2
	3
	4

	E-SORTD
	-
	4
	4

	RSTD
	-
	-
	4

	M-SORTD2
	-
	-
	4

	SCBC
	-
	-
	4


3.3 Specification impact 
Regarding the specification impact, the main issues are whether the Rel-10 ACK/NACK mapping tables and resource allocation scheme can be reused. In other words, a new ACK/NACK mapping table and/or resource allocation scheme needs to be specified or not. Regarding the specification impact from ACK/NACK mapping table, it is observed that the Rel-10 ACK/NACK mapping tables can be basically reused for the first antenna port of all the candidate schemes, and therefore the concrete specification impact is whether a new ACK/NACK mapping table needs to be defined for the second antenna port. The specification impact from different schemes is shown in Table 4. 
Table 4: Specification impact from different TxD schemes 
	TxD schemes
	Specification impact

	
	New ACK/NACK mapping table is needed for 2nd antenna port? 
	New resource allocation scheme is needed?

	SORTD
	No
	Yes

	PVS
	No
	No

	Antenna Port Selection 
	No
	No

	E-SORTD
	Yes
	Yes (3 bits)  
No (4 bits)

	RSTD
	Yes
	No (4 bits)

	M-SORTD2
	Yes
	No (4 bits)

	SCBC
	Yes
	No (4 bits)


New ACK/NACK mapping table for the second antenna port needs to be defined for E-SORTD, RSTD, M-SORTD2 and SCBC. For E-SORTD and M-SORTD2, the ACK/NACK mapping table for the second antenna port is a trivial extension of the first antenna port by permuting the channels (e.g. channel 0/1/2/3 is replaced by channel 3/2/1/0 respectively for E-SORTD), which can inherit the properties of Rel-10 ACK/NACK mapping table. However, for RSTD and SCBC, the structure of ACK/NACK mapping tables for two antenna ports is less relevant, and it is expected to have more specification impact. In addition, for RSTD (the index of Data and DMRS sequence may be different) and SCBC (slot level channel remapping), some change on the Rel-10 ACK/NACK mapping table is also needed for the first antenna port.
The current resource allocation scheme needs to be extended for SORTD and 3 bits E-SORTD. For 2 bits SORTD and 3 bits E-SORTD, the required new resource(s) can be obtained by nCCE+1 of PDCCH on the primary cell or ARI of PDCCH on the secondary cell. Hence, for these two cases, the specification impact from the resource allocation extension is trivial.  
For PVS and Antenna Port Selection, the Rel-10 defined ACK/NACK mapping tables and resource allocation scheme can be reused. However, for Antenna Port Selection, it needs to define how to signal the selected antenna port in UL or DL grant. Also it requires that the number of configured SRS port shall be same as the number of PUCCH port for measurement, which is against the independent SRS and PUCCH port configuration in Rel-10. 
3.4 Summary of the discussions 
Table5: Summary of the discussions
	TxD Schemes
	Performance gain
	Overhead
	Specification impact

	SORTD
	Good
	High
	Resource allocation extension

	PVS
	Marginal
	Low
	No

	Antenna Port Selection 
	Good (23dBm PA)

Worse(20dbm PA)
	Low
	Antenna port signaling
SRS port configuration

	E-SORTD
	Medium
	  Low (3/4 bits)
	Resource allocation extension(3 bits)
ACK/NACK mapping table definition for 2nd antenna port

	RSTD
	Medium
	Low (4 bits)
	ACK/NACK mapping table definition for 2nd antenna port

	M-SORTD2
	Worse
	Low (4 bits)
	ACK/NACK mapping table definition for 2nd antenna port

	SCBC
	Worse
	Low (4 bits)
	ACK/NACK mapping table definition for 2nd antenna port


According to the above discussion from different aspects, E-SORTD is preferred as the TxD scheme for 3 and 4 bits case. For E-SORTD and RSTD, RSTD has slightly better performance than E-SORTD in case of 4 bits, but the ACK/NACK mapping for the second antenna port is more complicated than E-SORTD and more specification impact is needed. 
4 Trade-off analysis

Based on the discussion in section 3, the trade-off analysis of all these candidate schemes is shown in Figure 1.
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Figure 1: Trade-off analysis for all the candidate schemes
5 Conclusion

In this contribution, the candidate TxD schemes for format 1b with channel selection are discussed from the aspects of performance, overhead and specification impact. Based on the discussion, we propose,
· Four resources are used for 2/3/4 bits TxD scheme

· SORTD is the TxD scheme for 2 bits case

· E-SORTD is the TxD scheme for 3 and 4 bits case 
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Appendix I
      Table 6: Simulation assumptions

	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	ETU/5MHz

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1×2/2×2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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Note: One error for each falsely generated ACK bit

	Noise estimation
	Ideal

	Number of UEs
	1 (without ICI), 
2 (there is one interfering UE)

	Number of PRBs for PUCCH
	1

	Antenna port selection delay
	4 ms
SRS measurement to select the best antenna port is based on ideal channel
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	Receiver Type
	 Joint ML detection using data and DM-RS


Note: For the simulation of Antenna Port Selection, it is assumed that the same DTX detection threshold is used for both 20dBm and 23dBm PA configuration because the eNB can not know the PA configuration of different UEs.
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