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1 Introduction
In TSG RAN #32 it has been agreed that 3GPP will move forward with the standardization of MIMO for HSDPA, see [1], Section 9.4. The MIMO scheme to be used for FDD is a dual codeword MIMO scheme based on D-TxAA [2]. Besides other aspects of D-TxAA, it has not yet been discussed or decided how the downlink control information in support of D-TxAA would be structured and transmitted.

In this contribution we present a few possible design choices for transmitting control information in the downlink in support of D-TxAA. A preferred HS-SCCH format is defined to carry that downlink control information. 
2 Downlink control information that needs to be sent in support of D-TxAA
The following pieces of L1 control information would need to be transmitted in the downlink in order to support MIMO based on D-TxAA:

· OVSF code allocation, modulation scheme, coding and H-ARQ parameters for up to two streams in one TTI. 

Since a MIMO capable UE might get scheduled with up to two streams simultaneously, it is necessary now to inform the UE about used OVSF codes, modulation scheme, coding and H-ARQ parameters for each stream within one TTI. Let’s term that piece of information scheduling information word (SIW). So a single or two SIWs would need to be signaled to the UE in one TTI. So far a certain number of bits has been used to signal a SIW on the HS-SCCH. This number might have to change. For instance it might not be sufficient any more to use 3 bits to indicate the H-ARQ process ID.

· Precoding parameters that were actually used in the scheduled transmission for HS-PDSCH need to be signaled to the UE. 

This includes: Selection of precoding matrix (PM), selection of column index for the chosen precoding matrix in case of single stream transmission, mapping between the two signaled SIWs and the colums of the chosen PM. Potentially some indication on code reuse between different UEs (SDMA)
In the following sections we are going to address each of these areas.

3 HS-SCCH Design
3.1 Definition of scheduling information word (SIW)

Since a MIMO capable UE might get scheduled on up to two streams simultaneously, it is necessary now to inform the UE about used OVSF codes, modulation scheme, coding and H-ARQ parameters (TBS, H-ARQ process ID, RV, ND) for each stream within one TTI. Let’s call the set of parameters that the UE receiver needs for successfully decoding a data packet – i.e. OVSF codes, modulation scheme, coding and H-ARQ parameters (TBS, H-ARQ process ID, RV, ND) a scheduling information word (SIW) in what follows. For MIMO operation, the Node B needs to signal up to two SIWs to the scheduled UE.

3.2 Information that needs to be sent on HS-SCCH

In principle this could be done by changing the coding and multiplexing scheme for HS-SCCH such that about twice as many information bits would be carried on the HS-SCCH. 

Furthermore, it has been agreed in 3GPP RAN to also indicate the used precoding for D-TxAA on the HS-SCCH, such that the UE does know which beamforming weights were used at the Node B transmitter. Therefore, some additional information on the selected precoding matrix (PM) and on the mapping between SIWs and column vectors (beams) of the PM needs to be transmitted to the UE. 

Assuming again that only two PMs are available, the following information would need to be signaled to a UE in one HS-SCCH TTI:

· 1 or 2 SIWs (number of bits per SIW might have to change, see below)

· PM index (1 bit)

·  PM column index in case of single stream scheduling (1 bit) or SIW-to-PM-column mapping in dual stream case (might be defined inherently by position of SIW in time or by OVSF code index, see further below)

3.3 Extension of HS-SCCH payload

3.3.1 Control information on HS-SCCH so far
So far a total of 21 bits have been used per SIW as follows:

· 1 bit for the modulation scheme

· 7 bits for the OVSF code usage

· 6 bits for the transport block length

· 3 bits for the H-ARQ process ID

· 3 bits for the redundancy version parameters

· 1 bit for the new data indicator

Due to the possible multiplexing of up to 2 precoded streams this set of parameters is not sufficient any more to operate D-TxAA.

3.3.2 Mapping of additional control information onto the HS-SCCH with a new format
Since we would have to accommodate now the parallel transmission of up two streams with potentially continuous scheduling of a single UE over some period of time, the number of H-ARQ processes that a UE needs to be able to handle so far (up to 8 can be indicated on the HS-SCCH) would not be sufficient. If the minimum spacing between two consecutive transmissions of the same H-ARQ process is staying at 6 TTIs, a total of 12 H-ARQ processes might have to be supported. 
This could be done by either introducing a pair of HS-DSCH “transport streams” that are assigned to the first and second column of the PM and keep up to 8 H-ARQ process IDs separate for each of these “transport streams”. This would, however, be problematic in case that one of the transport streams would wait for retransmission occasions while the channel changed such that only the other transport stream would get scheduled for some extended period of time, i.e. when a single stream transmission with one fixed beam would be used for a while. It is probable easier to increase the number of H-ARQ process IDs that a MIMO capable UE needs to be able to handle. For continuous transmission 12 H-ARQ processes would be sufficient. This would require 4 bits to signal the H-ARQ process ID (HAP-ID). Therefore, it would make sense to expand the number of information bits in one SIW from 21 to 22. 
3.3.2.1 Using a single HS-SCCH

Assuming these 22 bits per SIW, the total number of bits that would need to be carried on a single HS-SCCH to schedule a dual stream transmission would be at least 2x22 (SIWs) + 1 (PM) = 45. Some more bits might be needed depending on how the SIW-to-PM-column mapping is done. This increase of payload would require some significant increase of the needed power allocation to HS-SCCH. On the other hand the increased payload would only be needed when a UE gets scheduled with two streams in the same TTI. However if the HS-SCCH format was already defined such that the two stream case could be handled, the larger payload would not always be used in an efficient manner.

3.3.2.2 Using up to 2 HS-SCCHs at the same time

A more flexible and simple solution than mapping all needed information to schedule a UE into one HS-SCCH would be to only moderately increase the payload per HS-SCCH TTI and use up to two HS-SCCHs in parallel to schedule a dual stream transmission for a UE when needed. This would also simplify the dynamic switching between code multiplexing of multiple UE in the same TTI (multiple HS-SCCHs needed), code-reuse multiplexing of multiple UEs using the same code resources in the same TTI (SDMA), and single UE dual stream MIMO transmission. Since a UE does anyway have to be capable of monitoring up to four HS-SCCHs, it would not impact significantly the monitoring complexity. The difference would just be that a UE could get up to two parallel HS-SCCH transmissions in the same HS-SCCH TTI. Each HS-SCCH transmission would then carry a separate SIW. The mapping between SIW and used PM column could then be done by assigning the SIW carried on the HS-SCCH with lower OVSF code index to the first column of the PM and the other SIW to the second column or vice versa. The actual used PM would still have to be signaled inside the payload of HS-SCCH. Together with the additional bit for HAP-ID signaling, this would increase the payload on the HS-SCCH from 21 to 23. 

In case of single stream scheduling of a MIMO capable UE, the UE would still need to learn what the column index of the scheduled beam would be. This could again be signalled inherently via the OVSF index of the HS-SCCH. If the HS-SCCH used to schedule a single stream transmission to the UE would be in the lower half of the monitored set of HS-SCCH OVSF indices, then column #1 would be used, otherwise column #2. Of course this ordering could also be vice versa. If two UEs would get scheduled with code-reuse (CR) in a SDMA manner on the two columns of a common PM, it would be necessary for the UE to know that another UE got scheduled on a second beam reusing the same OVSF codes. This information could be signaled with one more bit in the payload of HS-SCCH (code-reuse indicator, CRI) increasing the total number of bits in the HS-SCCH payload to 24. Then the two UEs would get separate SIW transmissions on two separate HS-SCCHs and each of them would know (via the OVSF code index) on which beam this single stream transmission was scheduled. Via the CRI bit, each of the SDMAed UE would know that another UE is scheduled with the same OVSF codes on the remaining beam of the PM. 

The way how this HS-SCCH signalling would work is explained in Figure 1. It is assumed that a MIMO capable UE would monitor a set of 4 HS-SCCHs with OVSF codes (128,8), (128,10), (128,13), and (128,15). The MIMO capable UE of interest should be UE #1. In the second TTI depicted in Figure 1, UE #1 gets scheduled with two streams by signalling on two HS-SCCHs on OVSF codes (128,8) and (128,13). Each of the HS-SCCHs on these two OVSF codes will contain one bit of information on the selected PM. The SIW carried on OVSF code (128,8) would then correspond to data packet transmitted using the beamforming vector of the first column of the selected PM and the SIW carried on OVSF code (128,13) would then correspond to data packet transmitted using the beamforming vector of the second column of the selected PM. In the fourth TTI in Figure 1, UE #1 gets scheduled with a single stream transmission in parallel to UE #3 which is re-using the same OVSF codes just on a different beam of the selected PM. The information on the selected PM is part of the payload on HS-SCCH on OVSF code (128,10) in that TTI and by using an OVSF index in the upper half of the monitored set of HS-SCCHs, UE #1 got informed that it got scheduled on the first column of the PM. Since the CRI bit is also set on HS-SCCH (128,10) in this TTI, UE #1 also knows that there was another UE scheduled using the same OVSF codes, just using the other column of the selected PM. The scheduling of UE #1 in TTI #5 and TTI #6 works similar, see the text on top of the green arrows in Figure 1.


[image: image1]
Figure 1: Example for usage of HS-SCCH for scheduling MIMO capable UEs.

The described scheme of using multiple HS-SCHHs in order to schedule multi-stream transmissions to a single UE together with the concept of using the OVSF code index to signal the mapping between SIW carried on the HS-SCCH and the column of the selected PM would allow using the HS-SCCH with only a small increase of payload (going from 21 to 24 bits payload). On the other hand, this inherent signaling of the SIW-to-PM-column mapping will limit to some extend the possibility to combine it with all permutations of code multiplexing of a number of UEs. For instance in the case depicted in Figure 1, it would not allow for simultaneous scheduling of 4 UEs, no code-reuse, and all UEs preferring to use the first column of their preferred PM. If the full flexibility to mix code multiplexing, CR space multiplexing and multi-stream MIMO transmission is needed, there would be two choices:

a) Use the described scheme with a total number of HS-SCCHs of two times the maximum code multiplexing order

b) Use an additional bit in the HS-SCCH (bringing it to a payload of 25) to indicate the SIW-to-PM-column mapping and use only a total number of HS-SCCHs equal to the maximum of (2, maximum code multiplexing order)

Assuming for now that the preferred choice would actually be option b) above, the payload on HS-SCCH would then comprise of the bits summarized in Table 1. The gray shaded fields are new or changed relative to Rel-6.

3.3.2.3 Handling of Part I / Part II split

So far, the coding and multiplexing structure of the HS-SCCH is using two separately encoded parts, see Figure 2. This was decided together with the time staggering of HS-SCCH and HS-PDSCH in order to allow for lower complexity in the UE: If Part I of the SIW can already be decoded before the corresponding HS-PDSCH is received, the UE can make an early decision on whether the data transmitted on HS-PDSCHs needs to be demodulated. Otherwise some more complexity for demodulation and buffering of the signals on codes possibly carrying HS-PDSCH would need to be spent. The price paid for this early decision on whether certain OVSF codes need to be demodulated is a separate encoding and trellis-termination of parts I and II in the SIW plus a suboptimum decision quality as the CRC that spans the whole HS-SCCH TTI cannot be used to confirm the correct decoding of part I.

Since with MIMO the HS-SCCH payload has to be larger, and taking into account that a MIMO capable UE should allow for some more complexity than what was driving the part I/II separation in Rel-5, it would help to decrease the negative impact of increased payload size by jointly encoding part I and II together with the PCI on the HS-SCCH for MIMO capable UEs. That way 8 trellis termination bits could be saved. The overall detection performance of HS-SCCH with higher payload but joint encoding of the complete payload should therefore not be worse than before. 
Table 1: Payload on HS-SCCH

	Field
	# of bits
	description

	MS
	1
	Modulation Scheme (QPSK/16QAM)

	CSS
	7
	Channelization Code Space (OVSF code usage)

	PMI*
	1
	Precoding Matrix Indicator (indicates the precoding matrix used for the scheduled transmission)

	CI*
	1
	Column Indicator (indicates the column of the precoding matrix that was used to transmit the data packet described by this HS-SCCH)

	CRI*
	1
	Code Reuse Indicator (indicates that same OVSF codes are reused on other beam in the same precoding matrix => SDMA)

	TBS
	6
	Transport Block Size

	HAP-ID*
	4
	H-ARQ Process ID

	RV
	3
	Redundancy Version

	ND
	1
	New Data indicator

	Sum:
	25 
	Could be 24 if CI is signaled inherently via HS-SCCH OVSF code index


Note: Fields marked with * are new/different compared to Rel-6.
The fields shaded in gray are PCI, the others are part of the SIW.
The CI field might not be needed (signaling via OFSV code index).

3.3.2.4 Resulting new HS-SCCH format

The resulting coding and multiplexing structure would then be the one depicted in Figure 3.
As shown in Figure 3 there is no UE specific masking other than the scrambling of the CRC. So only the CRC would be scrambled by UE specific information (16 bit UE ID). Therefore the actual payload in a HS-DPCCH could still be decoded by other UEs, just the CRC check could not be performed. But even without doing the CRC check, the information in the SIW could help to assist advanced receivers that are using interference cancellation of other UEs’ signals. Although this property of the suggested HS-SCCH encoding is not in the main scope of defining the L1 structures for MIMO, it could be a useful side effect.

[image: image2.emf]Channel

Coding 1

HS-SCCH

Physical

channel

mapping

Rate

matching 1

mux mux

X

ccs

X

ms

X

ue

X

1

UE specific

CRC

attachment

X

2

X

tbs

X

hap

X

rv

X

nd

mux

C

2

Y

2

Channel

Coding 2

Rate

matching 2

UE

specific

masking

Z

1

Z

2

S

1

R

1

R

2

X

ue

RV

coding

r

s

b

Part I: HS-PDSCH codes

& Modulation: 8 bits

Part II: TB Size & H-ARQ

13 bits

Code 16-bit UE ID into 40 bits, 

scramble part 1

CRC (16 bit) over part I and part II 

followed by scrambling with UE identity

Rate 1/3 convolutional coding

40 bits 80 bits

Channel

Coding 1

HS-SCCH

Physical

channel

mapping

Rate

matching 1

mux mux

X

ccs

X

ms

X

ue

X

1

UE specific

CRC

attachment

X

2

X

tbs

X

hap

X

rv

X

nd

mux

C

2

Y

2

Channel

Coding 2

Rate

matching 2

UE

specific

masking

Z

1

Z

2

S

1

R

1

R

2

X

ue

RV

coding

r

s

b

Part I: HS-PDSCH codes

& Modulation: 8 bits

Part II: TB Size & H-ARQ

13 bits

Code 16-bit UE ID into 40 bits, 

scramble part 1

CRC (16 bit) over part I and part II 

followed by scrambling with UE identity

Rate 1/3 convolutional coding

40 bits 80 bits


Figure 2: Existing coding and multiplexing structure for the HS-SCCH (Rel-6).
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Figure 3: Suggested new coding and multiplexing structure for the HS-SCCH.

3.3.3 Keeping the same coding format on HS-SCCH

If there would be a strong desire to keep the HS-SCCH format totally unchanged, then the bits currently used on the HS-SCCH could be used with some modifications:

· RV and ND fields: Currently there are 3 bits to indicate the redundancy version and whether a new transmission was made. If we could agree to allow only for up to four transmissions of the same packet and define a sequence of redundancy versions at call setup time (or as a semi static parameter), then these to fields could be combined into a 2-bit field that would serve as a counter through the allowed sequence of packet transmissions (0=initian transmission, 1... 3 = retransmissions). This would already safe 2 bits in the HS-SCCH format.

· Another possibility would be reducing the granularity and/or range of transport block sizes for a given combination of OVSF code # and modulation scheme. If the TBS field could be reduced to 5 bits (32 possible data rates for a given # of codes and modulation scheme), we would save one more bit.

With these two measures we would already be able to accommodate three MIMO-specific bits in the HS-SCCH, e.g. the PMI bit, the CRI bit and the additional bit for the HAP-ID. With the indirect signaling of the CI bit via the OVSF code index as described in Figure 1, it would then actually be possible to use the existing HS-SCCH coding and multiplexing with just a change of interpretation of some of the bits in Part II.

4 Conclusions
We have described two possible solutions on how to carry downlink control information on the HS-SCCH in support of MIMO:

a) Adding more bits to HS-SCCH and keeping TBS, RV, ND unchanged, remove Part I and II split, only use a single encoder/decoder and more uniform puncturing across the TTI, allow for potential detection of OVSF code usage and modulation scheme by advanced receivers (not the scheduled UE)

b) Stick with the old HS-SCCH format, change use of TBS, RV, ND fields, restrict usage of up to 4 HARQ transmissions, keep Part I and II split, use already existing bits for PMI, CRI, HAP-ID and map CI bit to the OVSF code index signalling explained above

Due to the more flexible use of the new format [ option a) ] for combining this with a flexible CDMing of UEs supporting the new format and the potential to be useful for advanced receiver UEs that could use IC we are suggesting to use option a) as a baseline for the HS-SCCH in MIMO.
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