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1 Introduction

Rel-11 SI multiple input multiple output (MIMO) transmission has been approved in RAN#50 [1]. One way to increase the uplink spectral efficiency is to introduce the support for multiple input multiple output (MIMO) transmissions in the uplink. Some initial designs on UL MIMO have been discussed and also some agreements have been achieved in the previous discussion. But with extension from CLTD, further design consideration for UL MIMO should be taken into account since dual streams have been introduced. Besides, the compatibility between CLTD and UL MIMO should draw more attention.
In the previous RAN1#64 and RAN1#65 meetings, some agreements on simulation have been reached: [2]
· A single ILPC loop and a single OLPC loop 

· The serving Node-B is responsible for determining precoding weights and rank. 

· The reference precoder is unquantized and that any quantized precoders should be described. 
· Rate adaptation is applied for both streams targeting a total received Ec/No (RoT).

In this contribution, we will discuss some further issues about UL MIMO in details.
2 HARQ acknowledgement indicators design on E-HICH
With the expansion of CLTD to UL MIMO, UE may communicate with its serving Node B by two streams. As interpreted in [3] and [4], if there are two transport blocks transmitted, there should be 2 ACK/NACK indicators transmitted every TTI in principle. That is, by the concept of HARQ, in order to support the HARQ operation on the transport blocks transmitted in the secondary HARQ processes, an additional HARQ indicator bit would be required. 
However, when UE is conducting dual-stream transmission, sending two indicators will be less-effective since the codeword in downlink are so strained. So a more simplified approach in designing HARQ indicators should be justified, namely sending only one bit ACK/NACK information for one stream. Here we give two alternatives of this approach as follows:
· Allocate only one HARQ indicator for the better channel. If the feedback of HARQ acknowledgement indicator is NACK, UE will start the HARQ progress. Otherwise data transmission for this UE will be considered correctly.
· Allocate only one HARQ indicator for the worse channel. If the feedback of HARQ acknowledgement indicator is NACK, UE will start the HARQ progress. Otherwise data transmission for this UE will be considered correctly.
Comparing the two alternatives, the first option is more effective because only in good channel environments, UE will be configured in MIMO mode. So it may take just a little risk. And for the 3GPP network, this risk can be ignored. The main benefit of the second alternative, in which the UE will start HARQ progress more frequently to confirm data transmit, is more reliable. Its disadvantage includes using more signalling and resources (since the data would be retransmitted as well although the better channel transmits correctly).
For the case of two blocks are viewed as one bigger block, such as the blocks are interweaved before sending on two streams, only one indicator is proper. Since coding for data blocks on two streams are the same, either of HARQ indicators can be used to indicate the condition of transmitted blocks and determine HARQ operation.
Proposal 1: In the case of dual-stream dual-transport-block transmission, only allocate one HARQ indicator for the better channel. 
Proposal 2: In the case of dual-stream single-transport-block transmission, since coding data blocks on two streams are the same, either of HARQ indicators can be used to determine HARQ operation.
3 Grant handling design
3.1
E-AGCH
As interpreted in [5], for legacy single-stream transmissions the serving grant, which figured out by UPH (UE Power Headroom) in SI (scheduled information) transmitted in E-DPDCH, denotes the power ratio between the E-DPDCH and DPCCH physical channel. When dual-stream transmission takes place, the grants are controlled by the scheduler and for uplink MIMO there will be two DPCCHs and (at least) two E-DPDCHs.
Given in [5], when configuring UL MIMO mode, basically there are two schemes for handing grants:
· Alternative 1: Utilize a common grant that is shared between the two streams;
· Alternative 2: Utilize separate grants for each stream.
With the alternative 1, common grant is shared between the two streams. According to the SI (scheduled information), NodeB gets the proper ratio to send serving grant. It should be clear that the serving grant could be defined as the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the P-DPCCH. Its main benefits and drawbacks are as: 
· Main benefits: No change to E-AGCH physical channel definition and encoding progress; more efficiency and consuming less network resources since only single absolute grant for both streams needed to be transmitted; can be easily extended from UPA CLTD channel structure.
· Drawbacks: Need serving NodeB to send addition signalling to tell the UE about transmitting single or dual streams.
With the alternative 2, each stream has its own grant. Through the number of grants, UE can get the information about whether starting dual streams transmitting or operating single steam progress. The main advantages and drawbacks are as:
· Main benefits: Not need an addition bit to tell UE whether operating single or dual streams. It depends on the number of grants NodeB feedbacks.
· Drawbacks: Utilizing separate grants will result in E-AGCH physical structure change, since before 6 bits are used to denote UPH while it will be doubled now. Addition spreading factor (OVSF code), scrambling and puncturing have to be changed to meet these demands. It will bring additional burden on scarcity of downlink codeword resource.
Comparing the two options, the first one has higher efficiency and can be easier implemented. Based on the preceding analysis, we propose that:
Proposal 3: Utilize a common absolute grant that is shared between the two streams in E-AGCH. SG should be defined as the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the P-DPCCH.
3.2
E-RGCH
Same as the E-AGCH, common relative grant for both streams is more suitable. Single relative grant is used to increase or decrease the power in both steams simultaneously.
Proposal 4: Common relative grant is also used in E-RGCH.
4 Rank adaptation in UL MIMO
After configured UL MIMO in UE, rank adaptation in NodeB incurs some discussions. Based on some detailed principles, Node B has to determine the number of streams that UE is allowed to transmit. Besides, single or dual grants feedback methods will have difference on rank adaptation feedback.

If single grant feedback method is used, Node B, after making the decision, should also transmit an additional bit for the number of ranks except pre-coding vector and grant information. The procedure is shown in Figure 1.
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Figure 1: Rank adaptation procedure in single grant mode
If dual-grants are used, NodeB only feedbacks pre-coding vector and grants since UE will get the rank information from the number of serving grant. When receiving dual-grants, UE will boost dual-stream transmission. The procedure is shown in Figure 2.
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Figure 2: Rank adaptation procedure in dual grant mode
From Figure 1 and Figure 2, we can find out rank adaptation decision is important. Several principles and their relevant operations are discussed as follows:

· Based on channel quality. NodeB performs channel quality measurement for a UL MIMO UE. According to the measured channel quality, the Node B can determine whether the UE should boost dual-stream or not. Finally, the number of rank information should be feedback to the UE.
· Based on the size of data in each stream. As interpreted in [6], the relevant operation is that Node B will make decision on the size of data transmitted by UE in dual and single stream by comparing the TBS1 in single stream and the sum of TBS2 and TBS3 in dual stream. If TBS1 is larger than the sum, then Node B will consider that the UE may be in bad channel condition and can’t boost dual stream transmission. Otherwise dual-stream will be permitted.

The first option is the legacy way in system level analysis. It is more accurate and reliable since the CQI can faithfully reflect channel factors. For the second one, it is the simplest way or, on the other hand, more rude way. Besides, the size of data cannot represent actual sending data size but rather figure out the potential data throughput. So comparing TBS is not accepted. What’s more, the actual data sending are mainly affected by real time channel condition. Then rank adaptation based on CQI is proposed.
5 Compatibility with CLTD
Here we first review the structure and operation of CLTD and UL MIMO, as illustrated in Figure 3 and Figure 4 respectively.
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Figure 3: Pre-coded pilot channel structure for UL CLTD
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Figure 4: UL MIMO channel configuration
The channel structure for HSUPA operating TX diversity is shown in Figure 3. All of the channels except the S-DPCCH are mapped to 2 transmit antennas using antenna weights w1 and w2, which are set according to the PCI feedback from the serving Node B. The S-DPCCH is mapped to the 2 transmit antennas using weights w3 and w4, which are orthogonal to the weights w1 and w2. While a proposed MIMO channel structure is depicted in Figure 4. When rank 2 transmissions are deployed, an S-E-DPDCH and possibly an S-E-DPCCH are transmitted using the same pre-coding weights as the S-DPCCH.
With the channel configurations, CLTD is extended to UL MIMO with two introduced channel: S-E-DPDCH and S-E-DPCCH. Transmitted data in UL MIMO is diversity and multiplexing which means technology of transmit diversity is also used. Then configuration in MIMO without reusing structure in ULTD will bring more addition expense. It is highly desirable to ensure as much commonality as possible between CLTD and UL MIMO. So the design and some agreements that have not been reached about UL MIMO should take it into account. 
For the sake of compatibility between CLTD and UL MIMO, the proposed design in this paper should be reconsidered:
· HARQ indicators: For CLTD, using transmit diversity, single data block is transmitted. Then one indicator can meet the demands. While for MIMO, considering the two-stream transmission, to keep the compatibility with CLTD, one HARQ indicator will be more suitable.
· Grant handling: As the preceding analysis, single data block is transmitted. So single grant will be used in CLTD. Considering the compatibility, for MIMO configuration common grant is more attractive.
We propose that:
Proposal 5: Considering compatibility between CLTD and UL MIMO, one HARQ acknowledgement indicator and single common grant in E-AGCH/RGCH are recommended.
6 Conclusions

In this contribution, we have some detail design analysis on UL MIMO configuration. We have the following proposals,
Proposal 1: In the case of dual-stream dual-transport-block transmission, allocate one HARQ indicator for the better channel.
Proposal 2: In the case of dual-stream single-transport-block transmission, since coding data blocks on two streams are the same, either of HARQ indicators can be used to determine HARQ operation.
Proposal 3: Utilize a common absolute grant that is shared between the two streams in E-AGCH. SG should be defined as the ratio between the total transmit power that the UE is allowed to spend on E-DPDCH transmissions and the transmit power of the P-DPCCH.
Proposal 4: Common relative grant is also used in E-RGCH.
Proposal 5: View as compatibility between CLTD and UL MIMO, one HARQ acknowledgement indicator and single common grant in E-AGCH/RGCH are recommended.
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