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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 provide a text proposal on physical layer structure alternatives due to UL MIMO for HSPA to the Technical Report [2].
2
Text Proposal

*************************************** TEXT START ************************************
5
Physical Layer Structure Alternatives for UL MIMO 

5.1
Signaling Requirements to support UL MIMO

For UL MIMO scheme using two transport blocks, the following signaling channels are required in addition to the baseline channels required for SIMO. Design alternatives for these channels will be presented in Sections 5.2 and 5.3.

For Downlink:

· For the secondary stream, E-AGCH and E-RGCH to determine the payload size, and E-HICH for HARQ Ack/Nack signaling. These channels are not required if the UE supports only UL CLTD but not UL MIMO.
· A channel to signal the PCI bits, which determine the precoder used by UE. UEs supporting UL CL BFTD require such a channel too, and the same channel design can be re-used for UL MIMO.

For Uplink:

· S-DPCCH: Pilot channel for channel sounding of secondary stream. This is already configured for UL CL BFTD capable UEs; the same channel design can be re-used.

· A new channel like the E-DPCCH for signaling the E-TFC on the secondary stream. This channel is not required if the UE supports only UL CLTD but not UL MIMO

For a UL MIMO scheme using a single transport block, some of the above channels become unnecessary and can be eliminated, namely: 
· On downlink, E-HICH for secondary stream is unnecessary since there is only one transport block requiring Ack/Nack signaling.

· On the uplink, the E-DPCCH for signaling the secondary stream E-TFC can be eliminated, since there is only one E-TFC to be signaled.

Note that the UE must signal the rank of the transmission for the single transport block scheme. This was unnecessary in the scheme using two transport blocks, since the Node-B would implicitly determine the rank using separate DTX detection on the E-DPCCH channels associated with the primary and the secondary stream. Also the range of possible transport block sizes (TBS) is doubled, requiring a new E-TFC encoding rule. Either the new E-TFC encoding rule must quantize the range of TBS more coarsely and thus convey the additional information using the same number of bits as currently alloted for the E-TFCI, or the E-DPCCH coding must be modified to accommodate this additional information, for example, by using the happy-bit towards this purpose. Also note that the E-AGCH/ E-RGCH for the secondary stream may be required even though there is only one transport block, to help determine the E-DPDCH transmit power level, which now depends on the channel quality on both the streams, and hence cannot be uniquely associated to the transport block size.

5.2
Physical Channels

5.2.1
Introduction of precoding in the UE transmitter 

Two orthogonal precoding vectors are used for the two spatial streams, just as in the case of  DL MIMO and UL CL BFTD. For CLTD, a channel-sounding pilot is transmitted on each spatial stream, but the data channel is transmitted only on the primary stream. For MIMO, in addition, data is also sent on the secondary stream. Thus a UL MIMO capable UE can readily fall back to CLTD by turning off the data transmission on the secondary stream.

5.2.2
Introduction of new uplink channels

5.2.2.1
Secondary DPCCH (S-DPCCH)

For UL CLTD operation, the S-DPCCH is required for channel sounding for the secondary stream to enable selection of the best possible precoding vector to be used for future transmissions. It may also be used to assist in data demodulation, although the CLTD scheme can be designed such that this is not necessary. For UL MIMO, the S-DPCCH is required both for channel sounding for precoder selection and to act as a phase reference for demodulation of data transmitted on the secondary spatial stream.

The S-DPCCH may be mapped to a separate channelization code or to the same channelization code as DPCCH but using an orthogonal pilot pattern similar to the diversity CPICH on the downlink. The option of using the same channelization code as DPCCH can potentially simplify the NodeB pilot processing by eliminating the need for a separate de-spreader, as well as potentially cause less impact to the cubic metric. This aspect could be further studied in a potential work item.
An important design consideration is the amount of power required on the S-DPCCH. For demodulation of data from SIMO UEs, DPCCH is used as phase reference for low TBS, and in addition, E-DPCCH is also used as phase for high TBS, for which E-DPCCH is ‘boosted’, i.e., sent at a higher power that depends on the TBS used. For UL MIMO, since S-DPCCH serves as a phase reference for data demodulation on the second stream, as the data rates (or TBS) increase on the second stream, the S-DPCCH power will need to be boosted accordingly. A simple scheme is to set the S-DPCCH power to be the same as the total power of the phase references for the primary stream data demodulation (i.e., DPCCH for low TBS and DPCCH, E-DPCCH for high TBS).

5.2.2.2
Secondary E-DPCCH (S-E-DPCCH)

The S-E-DPCCH carries the E-TFC for the transport block transmitted on the secondary stream by a UE configured for UL MIMO using two transport blocks, when it is transmitting dual streams (i.e., rank = 2). It is not required for a UL MIMO scheme that uses only one transport block. One possible design choice for this channel is to transmit it using the secondary precoding vector, and apply the same boosting to E-DPCCH and S-E-DPCCH. However, as shown in Section 5.2.2.1, an effective boosting can be achieved for UL MIMO by directly applying the boost on the S-DPCCH itself. Hence, it is more advantageous to transmit S-E-DPCCH on the primary stream, which usually experiences better channel quality, thus improving reception of the control bits carried by S-E-DPCCH.

5.2.2.2
Secondary E- DPDCH (S-E-DPDCH)

The S-E-DPDCH channels are the new set of channels required by UL MIMO UEs for transmission of the channel bits corresponding to the secondary transport block on the secondary spatial stream, similar to the E-DPDCH(s) that carry the channel bits corresponding to the primary transport block on the primary spatial stream. 

Some key design issues related to S-E-DPDCH are as follows:

· Amount of power to allocate between E-DPDCHs and S-E-DPDCHs

· In theory, asymmetric allocation of total available power on E-DCH between E-DPDCHs and S-E-DPDCHs via the method of waterfilling could achieve higher throughput than symmetric allocation.

· However, in practice, there may be challenges to accurately estimate the relative strengths of the channels experienced by the primary and secondary streams, and to adapt the power allocation fast enough. Also, allowing dynamic and asymmetric power allocation increases the NodeB scheduler complexity to evaluate different combinations of transport block sizes across the two streams such that throughput is maximized.

·  Equal power allocation with rate adaptation per stream is almost as good as the waterfilling solution in the high SINR region.

· As a baseline design, similar to DL MIMO , assume that the the sum total transmit power on the S-EDPDCHs equals the sum total power on the E-DPDCHs

· Channelization code allocation

·  Unlike HSDPA, where the spreading factor is fixed at SF = 16 for HS-PDSCH, HSUPA supports variable spreading factors.

· However in high SNR region (where dual stream transmissions are beneficial), it is most likely that the primary stream runs out of code space (operating in the 2xSF2+2xSF4 configuration). Hence the second stream could be chosen to be a subset of the 2xSF2+2xSF4 codes allocated to the primary stream:

· 2xSF2+2xSF4, 2xSF2, 2xSF4, or 1xSF4

· The analogy of this choice in the downlink would be that of the 15 available OVSF codes for HS-PDSCH, only some of them transmit dual-streams and the others use single stream.

· Restricting the set of channelization codes/SF on the second stream to be a subset of that on the  primary stream can simplify the NodeB receiver implementation with regard to spatial separation of the two streams. 

· If the above subset relationship between the two streams  is violated, it would necessitate use of a successive-cancellation based receiver at the NodeB. For example, suppose stream-1 uses 2xSF2+2xSF4 and stream-2 uses SF8 which is not orthogonal to the 2xSF4 used by stream-1. Then despreading the stream-2 SF8 code produces an estimate of the stream-2 symbol s2 mixed with ISI from two stream-1 symbols s1,1 and s1,2. We could solve the 2x2 system to suppress ISI and estimate s2 and s1,1 + s1,2 separately. However, to individually obtain s1,1 and s1,2, we would have to subtract the effect of s2 on the chip sequence prior to despreading, and then despread stream-1  with the smaller spreading factor (SF4).
· As a baseline design, for sake of simplicity, assume that the second stream is restricted to the 2xSF2+2xSF4 configuration.

5.2.2.3
Which physical channels to precode with primary/secondary precoding vectors?

Based on the discussion so far, it is clear that the E-DPDCH(s) should be transmitted using the primary precoding vector and the S-E-DPDCH should be transmitted using the secondary precoding vector.

The DPCCH and S-DPCCH could be transmitted either unprecoded or using the primary and secondary precoding vectors respectively. An extensive study was made of these two design alternatives for the case of UL CLTD, and the latter choice (i.e., using precoded pilots) was agreed upon. Hence the same precoded pilot design can be used for UL MIMO.

For completeness, the main observations motivating the choice of precoded pilots for UL CLTD is summarized below:

 The demodulation of E-DPDCH data requires an estimate of the effective channel including the effect of the precoder used (since that is the channel experienced by E-DPDCH), while computing the new precoder to be used for future transmissions requires an estimate of the underlying propagation channel that does not include the precoder used. Precoded pilots will readily yield the former estimate, from which the latter must be computed using knowledge of the precoder used. With unprecoded pilots, the reverse is true, i.e., the latter estimate is readily obtained, and the former must be computed based on the precoder used. The precoder is computed by the serving NodeB and is thus difficult to know at the non-serving NodeBs in a soft handoff situation, without requiring additional uplink signaling overhead. Hence, for soft handoff, the preferred solution is the one that avoids requiring knowledge of precoder for data demodulation, i.e., precoded pilots. A design in which the UE uses an additional overhead channel to signal the precoder it uses could justify revisiting of this choice. However, the only possible benefit from this extra overhead would be to allow non-serving NodeBs to participate in precoder selection, and a study of this scheme for CLTD concluded that its benefits are not significant.

Since the primary precoding vector represents the stronger eigenmode of the spatial channel, the other uplink channels, namely DPDCH, E-DPCCH, HS-DPCCH and S-E-DPCCH, should also be transmitted using the primary precoding vector to improve their reception.

Table 5.1 summarizes the proposed uplink physical channel configuration across the primary and secondary precoding vectors.

Table 5.1: Uplink Physical Channel Configuration across both precoding vectors

	Uplink Channel
	Precoding Vector Useed

	DPCCH
	Primary

	DPDCH
	Primary

	HS-DPCCH
	Primary

	E-DPCCH
	Primary

	S-E-DPCCH
	Primary

	E-DPDCH
	Primary

	S-DPCCH
	Secondary

	S-E-DPDCH
	Secondary


5.2.3
Downlink Physical Channels

5.2.3.1
DL Feedback of UL Precoding Information via F-DPCH

A desirable baseline design for the precoder feedback channel is to reuse the design agreed upon for UL CLTD. Further study is required to decide whether the number of feedback bits in this design is also sufficient for UL MIMO. The DL MIMO design seems to suggest that 2 bits of feedback is good enough. For this purpose, the F-DPCH or E-F-DPCH which traditionally carries UL TPC bits could be re-used to carry the precoding feedback information. Further study is needed to evalute the following design options with regard to the usage of F-DPCH:

· Transmit precoding feedback information instead of power control commands in certain slots.

· Allocate more F-DPCH symbols within a slot to one particular UE. 

· Transmit precoding feedback and TPC information on different F-DPCHs.
As rightly pointed out in [2], if the precoding feedback quantization study determines that a larger number of feedback bits are required, then one may need to re-consider if F-DPCH is the appropriate channel to carry these bits and a new physical channel can be justified in accordance.

5.2.3.2
DL Feedback of E-HARQ acknowledgement indicators for both transport block on E-HICH

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. A straightforward extension is to allocate a secondary E-HICH Ack/Nack indicator on the channelization code on which the primary E-HICH Ack/Nack indicator was allocated. In this case the UE still de-spreads a single SF= 128 channelization code as in legacy design, but it needs to monitor/receive another orthogonal signature sequence index to process the secondary E-HICH Ack/Nack indicator.

5.2.3.3
DL Feedback of relative grants for each stream on E-RGCH

Since the E-HICH and E-RGCH follow an identical physical channel structure, the same design principle as proposed for the secondary E-HICH ACK/NACK indicator to the relative grant indicator for the secondary stream can be applied
5.3
Channel Coding and Multiplexing

5.3.1 
E-DCH TTI Configuration

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. 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. However, 10ms TTI has a peak data rate limitation of 2Mbps, even if  UL MIMO was able to double this 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 to assume that when rank-2 transmissions are configured, only 2ms TTI configuration for the E-DCH is applicable.
5.3.2
E-DCH Coding

As per current specifications (TS 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

5.3.2.1
Single HARQ process per TTI, Single E-DCH transport channel

As shown in Figure 5.1, the processing structure in this option is almost identical to the processing structure as defined today for the non-MIMO case. Since the number of physical channels have doubled due to the introduction of S-E-DPDCH, there are now two separate Interleaving/Physical Channel Mapping stages- one for the E-DPDCH physical channels and the other for the S-E-DPDCH channels.

This scheme allows transmission of a larger transport block than the non-MIMO case, due to spatial multiplexing at the physical layer, in which half the symbols sent on a primary precoding vector and the remaining half of the symbols sent on the secondary precoding vector. Compared to the two transport block MIMO scheme, this scheme requires reduced signaling overhead but needs redesign of the E-TFC mapping and/or E-DPCCH encoding rules, as described in Section 5.1. Also, it 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.
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Figure 5.1: Single transport block, Single E-DCH transport channel, Single CCTrCH

5.3.2.2
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 5.2. Note that the number of E-DCH transport channels still equals one in this scheme. As discussed in previous section, 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 5.2: 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

5.3.3
E-DPCCH

When the UE transmits two streams simultaneously, the E-DPCCH information bits for both streams need to be transmitted in the same TTI on the uplink.

A few design options exist here:

· Option 1: 

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

· Transmit E-DPCCH for stream 1 using the primary precoding vector and S-E-DPCCH for stream 2 using the secondary or orthogonal precoding vector, using the same channelization code index and the same branch (I/Q i.e., real/imaginary) for both. The motivation is to save on orthogonal code resource usage, but at the expense of poorer S-E-DPCCH quality (since it is sent on the usually weaker secondary stream) and the need to do MIMO processing to demodulate E-DPCCH and S-E-DPCCH.

· The channelization code  index of E-DPCCH and S-E-DPCCH (SF = 256) as well as the branch 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 information bits 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 common channelization code index of  the E-DPCCH and S-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:

· This is the same as Option 2 except that E-DPCCH and S-E-DPCCH are transmitted on a separate channelization code (SF = 256).

· The channelization code indices need to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 4: 

· This is the 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. Thus, here a separate S-E-DPCCH channel does not exist, instead its bits are transmitted on the E-DPCCH which is modified to accommodate them.

· The channelization code  index of the E-DPCCH (SF = 128) as well as the branch 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 is 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

5.3.4
E-AGCH

The MAC i/is design assumes a single E-DCH even when the UE transmits on two streams 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 streams, the absolute grant information (6 bits per stream) needs to be jointly transmitted in the same TTI.

In this case, a few design options 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 UL 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 the 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) is reused.
Clearly option 2 would be the most attractive from both UE implementation and NodeB code resource point of view. However, a link analysis would need to be performed to understand better the code/power/UE complexity tradeoff between these options.
5.4
Physical Layer Procedures

Due to the introduction of three new physical channels on the uplink to support the UL MIMO operation, the setting of the uplink channel gain factors for these channels is discussed in the following:
5.4.1 
Setting of the uplink S-E-DPDCH powers relative to DPCCH power
The range of power offsets on the second stream is expected to be similar to the range of power offsets on the second stream. As a result, the existing methods defined today for  the power offset computation of  E-DPDCH can be reused for S-E-DPDCH. In fact, the reference gain factors βed,ref  signaled for the reference E-TFCs can be applied to both E-DPDCHs and S-E-DPDCHs i.e. there may be no need to signal a seperate set of reference gain factors for the second stream. 

5.4.2 
Setting of the uplink S-E-DPCCH power relative to DPCCH power
The power of the S-E-DPCCH channel is set to the same level as the E-DPCCH.

5.4.3
Setting of the uplink S-DPCCH powers relative to DPCCH power
In Rel-7, when high data rates were considered on the uplink, the concept of E-DPCCH boosting was introduced. The pilot set point (Ecp/Nt) could differ significantly (as much as 21.4 dB) between low and high data rates. A boosted E-DPCCH serves as an enhanced pilot reference when very high data rates are used.

With UL MIMO, since S-DPCCH serves as a phase reference to the S-E-DPDCHs, the same concept of E-DPCCH can be extended by boosting S-DPCCH when S-E-DPDCH is transmitted. In particular, the formula below (from 25.214) can be reused for the purpose of S-DPCCH power setting where βec is replaced by  βs-c (power setting on S-DPCCH) and βed represents the power on the S-E-DPDCH.
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When a single stream is transmitted, the S-DPCCH can be transmitted at an offset Δsc  relative to the DPCCH instead This ensures that if the UE were configured for single stream transmissions such as in UL CLTD or were primarily transmitting single streams, the additional pilot overhead due to S-DPCCH is minimized.
5.4.4
Uplink power control

Uplink power control for legacy UEs not configured for UL MIMO involves an inner loop and an outer loop. The inner loop compares the receive SNR to a target to issue an up/down power control command, and the outer loop adjusts the inner loop target SNR based on the E-DCH packet decoding status to target a desired BLER level after a desired number of HARQ transmission attempts. For UL MIMO, exactly the same procedures are followed, with the inner loop receive SNR being measured on the primary stream, and the outer loop adjustments made to target a BLER level for the packet sent on the primary stream.

Other possible alternatives involve basing inner and/or outer loops on the secondary stream SNR/BLER respectively, or having two independent loops for the primary and secondary streams. These are undesirable for the following reasons: The secondary stream is usually much weaker than the primary one. Power control attempts to maintain the targeted receive performance by inverting the propagation channel, and inverting the weak secondary stream will result in excessive transmit power overhead. Also, having two independent power control loops complicates the precoder selection, which will then require knowledge of the instantaneous relative power ratios on the two streams. This either needs additional signaling, or needs estimation at the NodeB based on the history of power-control up/down commands issued on the two streams, which is subject to errors due to errors in reception of the up/down commands transmitted on the F-DPCH.

*************************************** TEXT END ************************************
3
Conclusions

It is proposed to agree to and capture the text proposal on the impact to UE and UTRAN implementation due to UL MIMO for HSPA as presented in this document to the UL MIMO TR [2].
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