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1. Introduction

In RAN1#57bis meeting, MIMO adhoc group discussed a joint wayforward on PUCCH TxD schemes[1], which proposes SORTD (Spatial Orthogonal-Resource Transmit Diversity) for PUCCH format 1a/1b.
SORTD requires two (time/frequency/code) resources for transmitting PUCCH. The resource assignment scheme for PUCCH of release 8 was not discussed in the MIMO session but in the main session. Hence, we propose PUCCH resource handling in TxD should also be discussed in the main session before the decision of the actual TxD scheme in MIMO session.

In this contribution, we discuss the classification of the transmission scheme and the need of single-resource based transmission scheme including forward/backward compatibility issue with different releases of UE/eNBs. 
Although the network does not have the “release” in the strict sense, we call eNB with UL-MIMO as rel-10 eNB and call eNB without UL-MIMO as rel-8/9 eNB throughout this document for the ease of the discussion. The eNB with other release 10 functionalities than UL-MIMO should also be rel-10 eNB; however, we don't call it as rel-10 eNB in this document.
2. Discussion
2.1. Classification of the transmission schemes for PUCCH

We would like to classify the transmission schemes for PUCCH as “single-resource based transmission” and “multiple-resource based transmission” schemes, depending on whether it requires multiple code resources or not.

2.1.1 Single-resource based transmission scheme
Single-resource based transmission schemes require only one (time/frequency/code) resource for transmitting PUCCH. Small delay CDD, slot-based PVS, slot-based antenna switching are categorized as single-resource based transmission schemes[2]. Single-resource based transmission schemes may or may not be transparent to rel-10 eNBs.
2.1.2 Multiple-resource based transmission scheme
Multiple-resource based transmission schemes require multiple resources for transmitting PUCCH. These transmission schemes can be referred as rel-10 specific transmission schemes for PUCCH, which can not be used for rel-10 UEs when they connect to rel-8 eNBs. As shown in several contributions, multiple-resource based transmission scheme (e.g., SORTD) generally has better performance than single-resource based transmission schemes due to better diversity gain.
This transmission mode would be configured by rel-10 eNB depending on the availability of PUCCH resources.
2.2. Necessity of the single-resource based transmission schemes for rel-10 UEs
Regardless of the types of eNBs (i.e., rel-8 eNB or rel-10 eNB) where rel-10 UEs camp, single-resource based transmission scheme is necessary for rel-10 UEs because of following reasons.
2.2.1 When rel-10 UEs connect to rel-8/9 eNB
Obviously, the PUCCH transmission scheme in such situations shall be transparent to rel-8 eNB. In other words, rel-10 UEs shall perform as rel-8 UEs in a transparent manner. In this case, rel-10 UEs can utilize only single-resource based transmission schemes as well as rel-8 operation. We call this transmission mode as “rel-8 operation mode” for PUCCH.
2.2.2 When rel-10 UEs connect to rel-10 eNB
As discussed in [2], the single-resource based transmission scheme for PUCCH is also essential even when rel-10 UEs connect to rel-10 eNBs, since eNB can not recognize if the UE supports multiple-resource based transmission schemes before it obtains the capability of the UE. In other words, rel-10 UEs shall also act as rel-8 UEs before eNB recognize the capability of the UEs.

Even after eNB obtains the capability of the UEs, rel-10 UEs shall utilize single-resource based transmission schemes unless multiple-resource based PUCCH transmission is configured by the eNB, since only one PUCCH resource may be available to each rel-10 UE in some situations even when rel-10 UEs connect to rel-10 eNB.
2.3. Discussion on the transparency of the rel-8 operation mode for rel-10 eNBs

Regarding the transparency of the rel-8 operation mode for rel-10 eNBs, there might be several alternatives as shown below.
· Alt.1 : rel-10 eNB can not recognize the actual transmission scheme for rel-8 operation mode

· Rel-8 operation mode of rel-10 UEs is completely transparent to rel-10 eNB. In other words, the actual implementation for the rel-8 operation mode is up to UE vendors.

· Alt.2 : rel-10 eNB can configure  the actual transmission scheme for rel-8 operation mode

· Rel-8 operation mode of rel-10 UEs can be configured by rel-10 eNB based on eNB’s preferences.

· Alt.3 : Only one transmission scheme of rel-8 operation mode for rel-10 UEs is defined by the specification.

Among above alternatives, we prefer Alt.1 because rel-10 UEs anyway have to support a transmission mode which is transparent to eNB as discussed in section 2.2.2. Moreover, we don’t see the merits of defining actual transmission scheme(s) for rel-8 operation mode as in Alt.2 or 3, since it may result in the preclusion of some smart UE implementations.
3. Conclusion

We discussed the rel-8 operation mode for PUCCH of rel-10 UEs. We further noted that the rel-8 operation mode for PUCCH is essential even when rel-10 UEs connect to rel-10 eNB as well as they connect to rel-8(/9) eNBs.
We propose PUCCH resource handling in TxD is discussed in the main session before the decision of the actual TxD scheme in MIMO session.

In addition, we propose not to specify the behaviour of rel-8 operation mode even when the rel-10 UEs connect to rel-10 eNBs, in order not to preclude some of smart UE implementations. In other words, we propose RAN1 to have the same understandings that the actual implementation of rel-8 operation mode for PUCCH is completely left to implementers’ choice.
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