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1. Introduction

In RAN1#68 meeting, the discussions were given with regard to S-E-DPCCH design on UL MIMO [1-4]. In last meeting, UL MIMO comes to the following agreements:

· The S-E-DPCCH is introduced for rank2 transmissions

· Two independent transport block structure, no interleaving across streams
· One ACK/NACK per TB – double the number of HARQ processes

· DPCCH, HS-DPCCH, E-DPCCH and E-DPDCHs sent as in UL CLTD using the primary precoding vector

· S-DPCCH is sent as in UL CLTD using the secondary precoding vector

· DPDCH, if sent and allowed to coexist with MIMO is sent on the primary precoding vector

· S-E-DPDCHs sent on the orthogonal precoding vector

· S-E-DPDCHs can only be present when E-DPDCHs are sent with 2xSF2+2xSF4

· S-E-DPDCHs can only be sent with 2xSF2+2xSF4, can be revisited if a motivation for other configurations is identified

· S-E-DPCCH used to indicate the format used on S-E-DPDCHs

· Precoding vector of S-E-DPCCH is FFS

· The Node B signals the TPI to be applied by the UE using the F-TPICH as in UL CLTD

· Single inner power control loop as in UL CLTD and UL SIMO, a possible modification to the power control, where the power changes at TTI boundaries only is FFS

· The E-DPDCHs and the S-E-DPDCHs are sent with equal power
In this contribution, we give some discussions on the details of S-E-DPCCH design, including that the usage of S-E-DPCCH, the transmission of S-E-DPCCH and the channelization code of S-E-DPCCH.

2. Discussion on S-E-DPCCH design
In the section, we discuss several current S-E-DPCCH designs on the basis of the UL MIMO agreements. 

2.1 The Usage of S-E-DPCCH
The E-DPCCH should have 10 information bits, which consists of the E-TFCI field (7 bits), the RSN field (2 bits) and the Happy Bit (1 bit) as shown in Figure 1. The S-E-DPCCH would be encoded to 10 bits of UL control information for secondary stream by using the legacy E-DPCCH coding scheme. In fact, since there is already happy bit on E-DPCCH, we can reuse the happy bit on S-E-DPCCH to do other application.


[image: image1.emf]HB(1bit) RSN(2 bits) E-TFCI(7 bits)


Figure 1: E-DPCCH slot format.
Hence, a few possible usages of S-E-DPCCH present here:
· Transmission control information : 
· It is normal application. Similar to the usage of E-DPCCH, S-E-DPCCH could signal control information related to the S-E-DPDCH.
· Rank indication in the UL: 
· Implicit indication. The NodeB could obtain rank indication information by detecting S-E-DPCCH and E-DPCCH, since the S-E-DPCCH would be transmitted when rank2 transmission in UL. For example, rank1 for existing only E-DPCCH, and rank2 for existing both E-DPCCH and S-E-DPCCH. The advantage of this design is that it avoids the transmission of rank indications. The drawback is that the NodeB would detect the S-E-DPCCH all the time.
· Explicit indication. The happy bit on S-E-DPCCH might be reused to rank indication. For example, a happy bit indicates rank1 transmission, and an un-happy bit indicates rank2 transmission. The advantage of this design is that NodeB could directly obtain rank indications and it might be good for performance in the case of secondary stream retransmission alone. The drawback is that the NodeB would detect the S-E-DPCCH all the time.
· Channel estimate, demodulation and etc.:

· If S-E-DPCCH is agreed to boost in UL MIMO, the S-E-DPCCH should be used to channel estimate, demodulate and etc. as the usage of the E-DPCCH in UL CLTD boosting schemes. 
Proposal 1: S-E-DPCCH coding reuses legacy E-DPCCH channel coding.
Proposal 2: The happy bit on S-E-DPCCH used for rank indication is FFS.
2.2 Transmit S-E-DPCCH Schemes
In Section 2.2, there are two schemes on the transmission of S-E-DPCCH, including it is transmitted using the primary precoding vector and using the secondary precoding vector. 

[image: image2]
Figure 2: Option 1, S-E-DPCCH is transmitted using the primary precoding vector in UL MIMO.
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Figure 3: Option 2, S-E-DPCCH is transmitted using the secondary precoding vector in UL MIMO.
It compares two options as follow:
· Option 1, S-E-DPCCH is transmitted using the primary precoding vector: 

· E-DPCCH and S-E-DPCCH are transmitted using the primary precoding vector for each stream independently. 
· In no boosting mode, S-E-DPCCH using the primary precoding vector is more reliable. 
· On the other hand, boosting mode might be a likely operating mode since there would be high data rate in UL MIMO. The power of E-DPCCH is larger than that of S-E-DPCCH when E-DPCCH and S-DPCCH boost. The decoding performance of E-DPCCH is obviously different from that of S-E-DPCCH, so that it is a large impact on the switch decision between single stream and double streams. At the same time, S-DPCCH transmitted on the secondary precoding vector has high power.
· Option 2, S-E-DPCCH is transmitted using the secondary precoding vector: 

· E-DPCCH is transmitted using the primary precoding vector for primary stream and S-E-DPCCH is transmitted using the secondary precoding vector for secondary stream. 
· In no boosting mode, the performance of S-E-DPCCH is not garanteed being transmitted on the secondary precoding vector. Hence, it would be necessary to verify the performance of S-E-DPCCH using the secondary precoding vector, and compare it to that using the primary precoding vector.
· On the other hand, UL MIMO boosting is taken into account. The S-E-DPCCH could boost instead of S-DPCCH and S-DPCCH can be transmitted at lower power. When E-DPCCH and S-E-DPCCH are both boosted, the switch decision between single stream and double streams in Option 2 might be more reliable. Therefore, it should be evaluated the amount of power influence on both E-DPCCH and S-E-DPCCH boost, and the performance impact between using the primary precoding vector and using the secondary precoding vector.
Proposal 3: S-E-DPCCH design needs to consider boosting scheme. 
3. Conclusion
In this contribution, we provide some discussion on several aspects of S-E-DPCCH design. According to the analysis, the possible usages of S-E-DPCCH are presented and the S-E-DPCCH design is related to the boosting scheme, so we propose:  
Proposal 1: S-E-DPCCH coding reuses legacy E-DPCCH channel coding.

Proposal 2: The happy bit on S-E-DPCCH used for rank indication is FFS.
Proposal 3: S-E-DPCCH design needs to consider boosting scheme. 
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