3GPP TSG RAN WG1 Meeting #56
R1-090690
Athens, Greece, 09 – 13 February, 2009

Source:
Panasonic
Title:
Views on TxD schemes for PUCCH
Agenda Item:
12.3 UL MIMO extension up to 4x4
Document for:
Discussion and decision
1. Introduction

In LTE-Advanced, depending on the UE capabilities, it is expected that some UEs have multiple transmitting antennas and PAs for improving the peak spectrum efficiency by utilizing SDM in uplink. Although SDM for PUSCH is the main motivation for the UE to have multiple transmitting antennas, such antennas would also be useful for PUCCH where SDM is most likely unused.
In this contribution, we discuss the TxD schemes for PUCCH from the performance and complexity perspectives.
2. Discussion

2.1. Merits of TxD schemes for PUCCH
As mentioned in [4], the TxD for PUCCH doesn’t contribute for enhancing the cell coverage for LTE-Advanced, since Rel 8 UEs are also supported within the same spectrum band. However, we see some merits of having TxD for PUCCH as follows.

· Improve the performance at range

· Similar format as PUCCH formats 2/2a/2b in Rel 8 might be used for carrying multiple ACK/NACKs in carrier aggregation case
· ACK/NACK signals requires lower BLER performance than CQI

· Higher order modulation might be supported by PUCCH in LTE-Advanced
· Reduce the required power per antenna

· TxD using multiple antenna could contribute to reduce the required power per antenna
· It would be useful for simultaneous transmission of PUCCH and PUSCH when MIMO transmission is configured for PUSCH, since the power stolen by PUCCH for each antenna would be constant throughout the subframe.
2.2. Classification of the TxD schemes for PUCCH

Before discussing specific TxD schemes for PUCCH, we would like to classify the TxD schemes as “single-resource based TxD” and “multiple-resource based TxD” schemes, depending on whether it requires multiple code resources or not.
2.2.1 Single-resource based TxD schemes

Single-resource based TxD schemes require only one (time/frequency/code) resource for transmitting PUCCH. Following are some candidates for this category.
· Slot-based antenna switching
· Pros : low PAPR,  transparent to the receiver

· Cons : low diversity gain

· Slot-based PVS

· Pros : low PAPR,  transparent to the receiver

· Cons : low diversity gain

2.2.2 Multiple-resource based TxD schemes

Multiple-resource based TxD schemes require multiple resources for transmitting PUCCH. Following are some candidates for this category.
· STBC
· Pros : high diversity gain, low PAPR, multiple code resources are required only for RS
· Cons : SC-FDMA symbol pair is required

· SFBC

· Pros : high diversity gain

· Cons : high PAPR, severe orthogonality loss in cyclic shift domain

· CDD
· Pros : low PAPR, transparent to the receiver
· Cons : lower diversity gain than Alamouti schemes
· SCTD [1]

· Pros : high diversity gain, low PAPR

2.3. Discussion on TxD schemes for PUCCH
In the following discussion, we separate the discussion of TxD schemes for large PUCCH payload formats like PUCCH formats 2/2a/2b and for small PUCCH payload formats like PUCCH formats 1/1a/1b, since the required performance improvements and resource indication schemes for these signals would be different.

2.3.1 TxD schemes for large PUCCH payload formats
As discussed before, the performance improvements for large PUCCH payload formats would be useful, since higher order modulation and multiple ACK/NACK transmission using these formats might be applied in LTE-Advanced. In addition, it is relatively easy to apply multiple-resource based TxD for PUCCH formats 2/2a/2b compared to small PUCCH payload formats like PUCCH formats 1/1a/1b, since resources for large PUCCH payload formats are always semi-statically configured by RRC. Therefore, Alamouti and CDD schemes as well as slot-based antenna switching/PVS should be carefully studied for large PUCCH payload formats.
Among above mentioned TxD schemes, slot-based PVS seems to have a good tradeoff between performance and complexity. Although slot-based antenna switching has similar performance aspects as slot-based PVS, PVS would be better for the possible simultaneous transmission of PUCCH and PUSCH as discussed in section 2.1.

SCTD would also be considered as another candidate, since SCTD would achieve good performance as well as it can significantly reuse the Rel 8 large PUCCH payload format structures.
2.3.2 TxD schemes for small PUCCH payload formats 
The performance improvement for small PUCCH payload formats like PUCCH formats 1/1a/1b doesn’t contribute to improve the cell coverage, and it would increase the scheduler’s complexity significantly if multiple-resource based TxD schemes are applied for these formats, since these formats are regularly utilized by dynamic ACK/NACK signals. Hence, a single-resource based TxD scheme is preferable for small PUCCH payload formats.
In addition, since uplink dynamic ACK/NACK transmission using PUCCH format 1a occurs before eNB completes the capability exchange with the UE, eNB sometimes has to receive PUCCH format 1a without knowing the number of transmitting antennas at UE side. Thus, it would be better to have transparent TxD schemes commonly for small PUCCCH payload formats.
Therefore, slot-based PVS would be a good candidate for TxD scheme for small PUCCH payload formats.
2.4. Necessity of the unification of TxD schemes for PUCCH
As discussed in the previous sub-section, preferred TxD schemes for small PUCCH payload formats and large PUCCH payload formats would be different. However, from the simplification perspective, to have unified TxD schemes for these PUCCH formats is better.
Whether to have unified TxD schemes depends mainly on the requirements for the performance enhancement of large PUCCH payload formats in LTE-Advanced. If large PUCCH payload formats support multiple ACK/NACK transmission or higher order modulation etc., then it would be better to consider the optimization of the TxD scheme for large PUCCH payload formats without having a unified TxD scheme.
3. Conclusion

In this contribution, we discussed the TxD schemes for PUCCH.
We first discussed the use-cases where TxD schemes for PUCCH are useful. Then we classified TxD schemes as single-resource based TxD schemes and multiple-resource based TxD schemes. We further discussed the desired properties for TxD schemes for large PUCCH payload formats like PUCCH formats 2/2a/2b and small PUCCH payload formats like PUCCH formats 1/1a/1b.
Based on above considerations, we pointed out that we should focus on the discussion of TxD schemes for large PUCCH payload formats, taking the unification of TxD schemes for large and small PUCCH payload formats into account.
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