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1 Introduction
After the agreements at RAN1#58 on the multiple antenna for PUCCH topic [1] ,  there were two topics left as FFS :
· The resource allocation for Rel-8 PUCCH format 1/1a/1b SORTD transmission

· Multiple antenna transmission scheme for Rel-8 PUCCH format 2/2a/2b
These two open issues are discussed in this contribution under the assumption of a single component carrier and to summarize our findings:

· For format 1/1a/1b with SORTD, we prefer the straightforward extension of the implicit resource allocation principle in Rel.8, i.e. implicit mapping from two CCEs to two orthogonal resources, including the possibility to dynamically fall back to single antenna port mode if there is only one CCE

· For format 2/2a/2b, we propose the same transmit diversity scheme as for format 1/1a/1b, i.e. SORTD

· For format 2/2a/2b, sequence keying is proposed since it can increase the CQI payload size by 50% compared to Rel-8.
In section 2 and 3 below we give the details that motivate these proposals for the cases of format 1/1a/1b and 2/2a/2b respectively. 

2 Resource allocation for Rel-8 PUCCH format 1/1a/1b SORTD transmission in Rel-10
The agreed 2Tx SORTD for format 1/1a/1b transmission requires two different orthogonal resources to be allocated to the UE. As the resource allocation for ACK/NACK with carrier aggregation is a large topic discussed under another agenda item, we focus on the resource allocation for SORTD without carrier aggregation in this document. 

For the transmission of format 1 scheduling request (SR) and also for format 1a/1b ACK/NACK (A/N) in the case of semi-persistent scheduling (SPS), the resource is in Rel-8 explicitly allocated by higher layer signaling and the SPS activation field in the DCI. Therefore for these two cases the principle of explicit allocation scheme can be extended in Rel.10, to allocate two orthogonal resources for SORTD . 
Moreover, for format 1a/1b A/N transmission in the case of dynamic scheduling, the principle of Rel-8 A/N resource reservation for dynamic scheduling by implicitly mapping the CCE index of the corresponding PDCCH to an A/N resource in the PUCCH can be straightforwardly extended to two resources by utilizing the multiple CCE indices of a PDCCH due to the one-to-one correspondence between CCE and orthogonal resource. We thereby keep the backward compatibility with Rel-8 UEs since there is not any impact on the PUCCH transmission format.
The only corner case that needs to be further clarified is if the PDCCH is using only one CCE and SORTD is configured for the PUCCH. Although not very common and under the control of the eNB, this may nevertheless be the case if the DCI format has a small payload and if the SNR is very high since then a high code rate can be selected and the PDCCH can therefore be fitted into a single CCE. 
The reminder of this section will discuss some alternatives on how to solve the case when the eNB finds that a single CCE is sufficient for the PDCCH but SORTD is configured so two resources must be allocated for A/N feedback: 
1. Avoid this situation by control channel scheduler decision. In this alternative, if a UE is configured in SORTD, at least two CCEs are always allocated to the PDCCH to this UE. This may appear to a severe scheduling restriction but note that when SORTD mode is configured for a UE to improve its A/N reliability, the channel condition is normally poor as if the UE face large interference and/or is at the cell edge. So in most cases, it is reasonable that a SORTD configured UE also require multiple CCEs to improve robustness of its PDCCH and therefore this enforcement of using two CCEs for the PDCCH may not in practice have any significant impact on the control channel overhead.

2. To dynamically fall back to single antenna port mode for PUCCH. Since we have single antenna port mode defined for PUCCH, which require only a single A/N resource, this mode can be used if there is only a single CCE in the PDCCH. The TxD transmission scheme will thus dynamically vary depending on the CCE aggregation level and it was argued in [2] that this will increase UE implementation complexity. However, this is the same as the dynamic rank adaptation for spatial multiplexing, which already is supported. Note that with this alternative, also alternative 1 can be used if the eNB for some reason want to avoid the single antenna port mode fallback for a UE.  

3. Reserve additional A/N resources for second antenna. To solve the drawbacks of alternative 1 and 2, the UE may use the orthogonal resource reserved by the single CCE and then obtain the second resource from an additional pre-allocated resource set through explicit or implicit signaling. For this option, some additional explicit signaling or an implicit mapping relation is needed which increases the signaling and resource overhead compared to the above two options.
As there are drawbacks and benefits of all three alternatives, we suggest to minimize the standardization effort and to keep the backward compatibility and a simple scheme. Therefore we prefer that Alternative 2 (and 1 which is an implementation issue) is adopted.  To summarize this section, the following resource allocation scheme for SORTD is thus proposed:
·  For PUCCH format 1 and format 1a/1b in the case of semi-persistent scheduling
·  Explicit signaling resource allocation is used.
·  For PUCCH format 1a/1b in the case of dynamic scheduling,
· When PDCCH payload and coverage require more than one CCE

· The two orthogonal resources for SORTD are implicitly decided by two CCEs in the PDCCH
· When PDCCH payload and coverage require only one CCE

· Dynamic fallback to the single antenna mode in which case only one resource is needed, obtained from the single CCE as in Rel-8 and as a complement, the eNB scheduler may decide to use more than one CCE in the PDCCH in which case we have the same situation as in the previous bullet point.
3 Multiple antenna transmission for Rel-8 PUCCH format 2/2a/2b in Rel-10
Regarding the transmit diversity for PUCCH format 2/2a/2b, i.e. containing CQI, it is desirable to have the same or similar requirements as for format 1/1a/1b, such as preserving the single carrier property (low cubic metric), flexible multiplexing with Rel-8 UEs (backward compatibility) and promising performance gain compared to Rel-8 SIMO case. Furthermore, it is motivated to also look at capacity enhancing schemes since it is believed that Rel-10 CQI payload will increase compared to Rel-8. Hence, there may be a need to define new formats as well, but the scope of this section is how to transmit the existing CQI formats 2/2a/2b from two UE antennas.

Under the mentioned requirements, SORTD and STBC are two candidates for format 2/2a/2b. Comparing these two, SORTD is preferred because,
· The promising performance gain of SORTD compared to SIMO has been shown in a number of contributions [3][4][5]
· The same transmit diversity scheme for all Rel-10 PUCCH formats since SORTD has already been accepted for format 1/1a/1b, which reduce UE complexity.
· STBC requires an even number of SC-FDMA symbols for paring, but in practice unpaired symbols exist due to cyclic prefix length, frequency hopping and sounding reference signal. For the pairing problem of STBC, two different transmit schemes are needed during one sub-frame which will increase the UE/eNB complexity and degrade the performance of STBC.
Although the cost for SORTD is two orthogonal resources, it does not mean that the overhead of required resources will be increased two times compared to Rel-8 because SORTD is not mandatory for PUCCH. It was agreed that PUCCH can be independently configured to be uplink single antenna port transmission [6], so the use of SORTD can be controlled by eNB depending on system load, channel condition of UEs, etc. 

Therefore:
· SORTD is proposed as transmit diversity scheme for Rel-8 PUCCH format 2/2a/2b 
3.1 Increasing the CQI payload size

The CQI payload size can be further increased if a generalization of the concept of spatial modulation [7] is adopted where information bits select which of the multiple antennas is transmitting a given modulated and in this case a sequence spread symbol. 

Since there are two orthogonal sequences used for SORTD and these two sequences can be mapped to the two antenna in two different ways, we can convey one more bit per symbol by letting the encoded information select the permutation. For example, two antennas (ports) are defined by two demodulation reference signal sequences, and the two sequences are associated with the two defined antennas in the form of (s1, s2) or (s2, s1) which is illustrated in Figure 1. We denote this sequence keying. 

[image: image1]
Figure 1 Illustration of the orthogonal sequence keying for SORTD and how one additional bit b can be transmitted
If QPSK modulation and Rel-8 CQI transmission structure
  is assumed, thirty coded bits can be conveyed by the PUCCH, which is ten more bits (or 50% increase) compared to Rel-8. 
Hence, the sequence keying can be used to transmit a 50% larger CQI payload size.  Therefore we propose that:

· Sequence keying of SORTD is proposed to increase the payload size for Rel-8 PUCCH format 2/2a/2b 

4 Conclusion
In this contribution, PUCCH transmission with multiple antennas has been discussed and the open issues from previous meeting [1] has been addressed. 

For the support of Rel-8 PUCCH format 1/1a/1b SORTD, the following resource allocation scheme is proposed,
· For PUCCH format 1 and format 1a/1b in the case of semi-persistent scheduling

· Resource allocation by explicit signalling is used.

·  For PUCCH format 1a/1b in the case of dynamic scheduling,

· When PDCCH payload and coverage require more than one CCE:
· The two orthogonal resources for SORTD are implicitly signaled by two CCE indices in the PDCCH

· When PDCCH payload and coverage require only one CCE:
· Fallback to the single antenna mode in which case only one resource is needed, obtained implicitly from the single CCE as in Rel-8. As a complement, the eNB scheduler may decide to use more than one CCE in the PDCCH in which case we have the same situation as in the previous bullet point.

For the Rel-8 format 2/2a/2b multiple antenna transmission, the following is proposed:

· SORTD is selected as the transmit diversity scheme 

· Sequence keying of SORTD is proposed to increase the payload size 

References

[1] R1-093704, “Way forward for PUCCH transmit diversity scheme”, RAN1#58, Aug. 2009.
[2] R1-093471, “Discussion on the application of SORTD for PUCCH”, Panasonic, RAN1#58, Aug. 2009.
[3] R1-093052, “Performance of UL multiple antenna transmission for PUCCH”, Huawei, RAN1#58, Aug. 2009.

[4] R1-093124, “PUCCH Transmit Diversity”, Qualcomm, RAN1#58, Aug. 2009.

[5] R1-093254, “PUCCH TxD Schemes for LTE-A”, LG Electronics, RAN1#58, Aug. 2009.

[6] R1-093698, “Way Forward on Uplink Single Antenna Port Mode for UEs with Multiple Transmit Antennas”, RAN1#58, Aug. 2009.
[7] R.Mesleh, H.Haas, S.Sinanovic, W.W.Ahn and S.Yun, “Spatial modulation”, IEEE Trans. On Vehicular Technology, p.2228-2241, Vol.57, No.4, July 2008.






















Antenna 1





Antenna 2





s1 if b=0  (s2 if b=1)





s2 if b=0 (s1 if b=1)





Modulation symbol a

















� Where there are five symbols for CQI transmission and two symbols for demodulation reference signal within one slot





