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1
Introduction

In TSG-RAN#50 a new study item, “Uplink MIMO for HSPA”, was approved [1]. In this contribution we discuss two candidate channel coding and multiplexing structures to support Uplink MIMO for HSPA.
2
Summary of Work Item Objective
Study the feasibility and merits of UL MIMO (including improvements in terms of average throughput in a cell, while taking into account the impact on the other aspects such as fairness, cell edge user throughput, etc) taking the closed loop transmit diversity into account for the following configuration

· Up to 2 streams can be transmitted by the UE

· UL MIMO transmission only applies to E-DCH physical channels

· UL MIMO cannot be configured with DC-HSUPA

· UL MIMO is applicable in CELL_DCH only

· Both 2x2 and 2x4 configurations should be considered with 2x2 as the baseline scenario

Furthermore, the following should be investigated:

· Impact on infrastructure implementation

· Impact on UE implementation

· Impact on performance of UEs not supporting UL MIMO (including legacy UEs)

3
Channel Coding and Multiplexing for UL MIMO

3.1 
E-DCH TTI Configuration

In the case when only single stream (rank-1) transmissions are configured i.e. UL CLTD, a key scenario where improvement is expected is at the cell edge. In this case, it is reasonable to assume that a UE could be configured with 10ms TTI and so our assumption is that both 2ms and 10ms TTIs are applicable when single stream transmission is configured.

On the other hand if dual stream transmissions are configured in the UE, the obvious motivation is to increase the data rates. In that case, given that 10ms TTI has a peak data rate limitation of 2Mbps, even if we were to double this data rate via UL MIMO to 4Mbps, it still much lower than the peak rate achieved using 2ms TTI (5.76 Mbps for QPSK capable UEs and 11.32 Mbps for 16QAM capable UEs). Based on this, it can be justified that when rank-2 transmissions are configured, only 2ms TTI configuration for the E-DCH is applicable.
3.2
E-DCH Coding

As per current specifications (25.212):

-
There is only one CCTrCH of E-DCH type per UE;

-
There is only one E-DCH transport channel per CCTrCH of E-DCH type;

-
There is only one transport block per TTI per E-DCH transport channel
A few design options exist with regard to E-DCH transmission

· Single HARQ process per TTI, Single E-DCH transport channel

· Two HARQ processes per TTI, Single E-DCH transport channel

3.2.1
Single HARQ process per TTI, Single E-DCH transport channel

As shown in Figure 1, the processing structure in this option is almost identical to the processing structure as defined today for the non-MIMO case i.e. a single HARQ process and single E-HICH is enough per TTI.  Since the physical channels have doubled due to the introduction of a secondary enhanced dedicated physical channel  (S-EDPDCH), we now have two separate Interleaving/Physical Channel Mapping stages- one for the E-DPDCH physical channels and the other for the S-E-DPDCH channels. Slight modification would be needed at the Rate matching layer to rate match the encoded output to the channel symbols that are sent on both E-DPDCH and S-E-DPDCH.
The thinking here is that due to spatial multiplexing at the physical layer (half the symbols sent on a primary precoding vector and the remaining half of the symbols sent on the secondary precoding vector), one could transmit a larger transport block. However, one key issue is that this scheme does not enable the use of MIMO-SIC receivers at the NodeB which are known to be optimal in the absence of precoding or in the presence of quantized precoding. MIMO-SIC processing relies on transmission of two transport blocks so that the receiver can decode one transport block, reconstruct that block, cancel it and then attempt to process the other transport block. Furthermore (although less important), some changes in specification for some of the stages in the processing structure for E-DCH channels would be required to accomodate such a scheme.
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Figure 1: Single transport block, Single E-DCH transport channel, Single CCTrCH

3.2.2
Two HARQ process per TTI, Single E-DCH transport channel

A straightforward method to support transmission on a pair of precoding vectors at the physical layer across two antennas is to allow for two HARQ processes in the same TTI. In each HARQ process, a single transport block is transmitted as shown in Figure 2. Note that the number of E-DCH transport channels still equals one in this scheme. This scheme also enables the use of MIMO-SIC receivers. Note that this design philosophy is similar to the independent processing of two HS-DSCH transport blocks in DL 2x2 MIMO. 
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Figure 2: Simultaneous transmission of two independent transport blocks; each transport block is sent in a seperate HARQ process; two HARQ processes per E-DCH per TTI

3.3
E-DPCCH Coding
When the UE transmits a single HARQ process per TTI (Figure 1), it is reasonable to assume that there is no impact to the E-DPCCH encoding scheme. In the case when the transmission is limited to QPSK, we could reuse the E-TFCI tables that were introduced for UL 16QAM. In the case when the transmission allows for 16QAM on each stream, then new E-TFCI tables would be needed to cover the TBS beyond 22K bits.
When the UE transmits two HARQ processes per TTI (Figure 2), the E-DPCCH information bits for both streams need to be transmitted in the same TTI on the uplink.

A few candidate structures exist here:

· Option 1: 

· Encode 10 bits of E-DPCCH for each stream independently using the legacy E-DPCCH channel coding scheme. 

· Transmit E-DPCCH for stream 1 using the primary precoding vector and E-DPCCH for stream 2 (S-E-DPCCH) using the secondary or orthogonal precoding vector.  
· Note that in this scheme both E-DPCCH and S-E-DPCCH use the same channelization code index and same branch (I ).
· The channelization code  index of each of the E-DPCCH (SF = 256) as well as whether to transmit on I or Q branch needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 2: 

· Encode 10 bits of E-DPCCH for each stream independently using the legacy E-DPCCH channel coding scheme.  

· Transmit both E-DPCCH for stream 1 and S-E-DPCCH for stream 2 using the primary precoding vector.

· The 60 (30*2) channel bits at the output of the encoder are I/Q multiplexed into a single channelization code (SF = 256).

· The channelization code index of  the E-DPCCH needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 3:

· Same as Option 2 except that each of the E-DPCCHs are transmitted on a separate channelization code (SF = 256).

· The channelization code index of  the E-DPCCHs needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 4: 

· Same as Option 2 except that the spreading factor of the E-DPCCH is reduced by a factor of 2 to accomodate the doubling of channel bits from 30 to 60.

· The channelization code  index of the E-DPCCH (SF = 128) as well as whether to transmit on I or Q branch needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

Option 2 seems attractive for the following reasons:

· Both E-DPCCHs are transmitted on the stronger eigenmode of the MIMO channel.

· Reuse as is both channel coding and physical channel definition of existing E-DPCCH.

· I/Q multiplex both the E-DPCCH on the same channelization code

· UE and NodeB implementation friendly

3.4
E-AGCH
If the UE transmits one HARQ process per TTI (Figure 1), existing E-AGCH design could be reused without any modification. Further investigation is needed on how to map absolute grant values to transport block sizes that get mapped to both E-DPDCH and S-E-DPDCH physical channels
If the UE transmits two HARQ processes per TTI (Figure 2), the MAC i/is architecture can still assume a single E-DCH and hence the UE has a single primary E-RNTI. The E-AGCH is a common channel that masks the 16 CRC bits with the UE’s primary E-RNTI. Hence when the NodeB needs to simultaneouly assign scheduling grants on the primary and secondary transport blocks, the absolute grant information (6 bits per stream) needs to be jointly transmitted in the same TTI.

In this case, a few candidiate structures can be considered:

· Option 1: Configure the UE with 2 E-AGCH channels  (each channel is identical to what is used today) and require the MIMO UE to monitor both E-AGCH channels every TTI.

· Option 2:  Define a new type of E-AGCH channel coding where the 12 AG information bits are jointly encoded and rate matched to 60 channel bits. The legacy E-AGCH physical channel (SF = 256, QPSK) is reused in this case. 

· Option 3: Define a new type  of E-AGCH physical channel where we reuse legacy E-AGCH channel coding to independently encode the 6 AG information bits per stream and then reduce the spreading factor by 2 (SF = 128, QPSK symbols).

Clearly option 2 would be the most atrractive from both UE implementation and NodeB code resource point of view. However, further link analysis would need to be performed to understand better the code/power/UE complexity tradeoff between these options.

3.5
Summary of Channel Coding and Mutiplexing Structures for UL MIMO for HSPA
Some salient points of the candidate channel coding and multiplexing structures for UL MIMO for HSPA discussed in the previous section are as follows:

· Channel Coding and Multiplexing:

· DCH:

· No change

· E-DCH

· TTI  length

· If UE is configured to transmit rank-2 transmissions

· TTI length = 2ms

· Else if UE is configured to transmit rank-1 transmissions

· TTI length = 2ms, 10ms

· Two candidate structures were identified:

· E-DCH Option 1: Single HARQ process per TTI, Single E-DCH Transport Channel

· E-DCH Option 2: Two HARQ processed per TTI, Single E-DCH Tranport Channel 

· The  processing structure for the transport block sent in the secondary HARQ process is identical to the processing structure for the transport block sent in the primary HARQ process

· Minimum E-DCH transport block size = 3988 bits

· Similar to DL MIMO where minimum HS-DSCH transport block size per stream = 4500 bits.

· Setting PLnon-max = 0.66 results in 2xSF2+2xSF4 for all TBS >= 3988 bits

· S-E-DPCCH

· The channel coding structure could depend on the channel coding and multiplexing scheme that is used for E-DCH.

· E-DCH Option 1: Single HARQ process per TTI

· Reuse existing E-DPCCH channel encoding to encode E-TFCI, and RSN

· If transmissions are limited to QPSK, then we could reuse the E-TFCI tables that were introduced for UL 16QAM. 

· In the case when the transmission allows for 16QAM on each stream, then new E-TFCI tables would be needed to cover the TBS beyond 22K bits.

· E-DCH Option 2: Two HARQ processes per TTI

· Reuse existing E-DPCCH channel encoding to encode E-TFCI, and RSN associated with  the secondary E-DCH transport block.

· E-AGCH

· E-DCH Option 1: Single HARQ process per TTI

· Reuse existing E-AGCH design.

· It is FFS how to map absolute grant values to transport block sizes that get mapped to both E-DPDCH and S-E-DPDCH physical channels.

· E-DCH Option 2: Two HARQ process per TTI

· Modify E-AGCH channel coding to jointly encode absolute grant information of both E-DCH transport blocks using the primary E-RNTI of the UE.

· Spreading and Modulation

· E-DPCCH

· E-DCH Option 2: Two HARQ process per TTI:

· I/Q multiplex the E-DPCCH information of each stream on the same channelization code Cch,256,1 as used today. 
· In other words, the E-DPCCH of the primary transport block is sent on the I branch of  Cch,256,1  as is the case today, while the E-DPCCH of the secondary transport block (S-E-DPCCH) is sent on the Q branch of  Cch,256,1.
· HS-DPCCH

· Due to the introduction of additional physical channels (S-DPCCH, S-E-DPDCHs), the channelization code index of the HS-DPCCH may need to be optimized such that cubic metric impact is minimized

· S-E-DPDCH

· When the UE transmit dual streams, the UE transmits four E-DPDCH channels and four S-E-DPDCH channels corresponding to 2xSF2+2xSF4 on each stream. 
4
Conclusions

In this contribution, candidate channel coding and multiplexing structures were introduced for UL MIMO for HSPA. It is proposed to further evaluate the merits of these structures to help establish a baseline channel coding and multiplexing structure for the purpose of link and system evaluation of UL MIMO for HSPA.
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� An UL MIMO UE that is configured to transmit rank-2 transmissions implies that UE can either transmit rank-1 or rank-2 transmissions per TTI.





