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1. Summary and recommendation
Two basic approaches have been considered for W-CDMA MIMO downlink signaling [
,
,
]: those that change the HS-SCCH to enable dual stream transmission using 1 HS-SCCH and those that maintain the current HS-SCCH structure and use 2 HS-SCCHs.  We prefer the latter approach for the following reasons:
· It allows the best MIMO performance, since the downlink TRFI for each stream can be set independently.

· Existing TFRI formats can be reused, saving redesign efforts.

· The HS-SCCH channel coding can be identical to R6, saving design time.  This is consistent with the modified HS-SCCH for retransmission recently agreed for CPC [
,
].
· The UE does not need to blindly detect new HS-SCCH formats; existing decoding requirements can be maintained.

· HS-SCCH overhead is automatically proportional to throughput: the second HS-SCCH is only transmitted when the second stream is active.  (This does not require that additional HS-SCCH be decoded.)  Based on initial simulations, we find the additional overhead relative to an R6 HS-SCCH from the use of 2 HS-SCCHs can be around 10% or 30% depending on if the cells are “isolated” or not.
· The part1 / part2 split is kept, maintaining the HS-SCCH / HS-PDSCH reception timing that is beneficial to receiver complexity.

While it is possible to achieve all of these benefits except the HS-SCCH channel coding backward compatibility with a single HS-SCCH design, it seems less natural to do so.  
· The benefit of a single HS-SCCH would seem to be that such a redesign would allow optimization of the HS-SCCH signaling overhead, which will naturally come from some tradeoff of performance against signaling overhead.  A careful study of these optimizations may complicate an expeditious completion of the R7 W-CDMA work.
· HS-SCCH overhead is principally driven by code multiplexing.  At present, 4 HS-SCCH may be transmitted simultaneously for smaller user payloads than MIMO provides, meaning the relative overhead is greater for code multiplexing than for TDM.  Given that code multiplexing is used to improve cell throughput, it therefore seems inconsistent to be concerned with overhead if multiple HS-SCCHs may be targeted to a UE.

· Dual stream operation requires more overhead than single stream operation. If HS-SCCH overhead is to be optimized, then there should be some dynamic switching between single and dual stream HS-SCCH formats.  This would likely require blind detection of both HS-SCCH formats.  Even if this is used, our initial simulations show the benefit in total overhead is probably not sufficient to merit overhead (probably less than 1%).
We therefore recommend that:

· The HS-SCCH channel coding and the use of a 2 part structure should not be changed.

· Each HS-SCCH be used to signal 1 MIMO stream; that is that 2 HS-SCCH be used for dual stream operation.
· The HS-SCCH payload be redefined to support the additional signaling for MIMO.
2. discussion
As has been observed in earlier contributions, two types of information need to be added to support W-CDMA MIMO: antenna weight verification information and additional HARQ process signaling.  We consider each of these requirements in turn:
2.1 Antenna weight verification

Two bits are needed to signal the array weights for D-TxAA.  In order to maximize the timing benefit for the UE, we feel they should be included in part 1 of the HS-SCCH.  Since we would prefer to leave the HS-SCCH channel coding unchanged, we must redefine some existing bits (as was done for CPC). The channelization code set (CCS) bit field is the only one large enough in part 1 to fit 2 bits, and so we propose that the two bits come from that field.
If the full flexibility is desired, the HS-SCCH OVSF code can be used to indicate the lost CCS bits.  Since the UE is required to decode up to 4 HS-SCCHs, the two lost bits can be recovered by identifying each HS-SCCH with one the 4 possible states of the lost bits.  This requires the node B to have 4 HS-SCCHs configured and to transmit control messages to the UEs whose missing bits’ state match the HS-SCCH index.  It is also possible to use 2 HS-SCCHs to replace only one of the lost bits.  

The support of dynamic signaling for 64QAM modulation in MIMO mode may be considered in the future, permitting the solutions here or others to be used.  At any rate, these decisions should be taken after the study 64QAM have been completed.
2.2 HARQ process ID signaling

As pointed out in [1,2,3] another bit of HARQ process information will be needed.  This additional bit can implicitly signaled by assigning two UE IDs to each UE, each associated with a MIMO stream.  Each UE ID is associated would indicate either a “0” or a “1” for the additional HARQ process bit.  The UE covered CRC check in HS-SCCH part 2 would then have two possible values, meaning that the UE would have to do two CRC checks per HS-SCCH when configured in MIMO mode.  This is expected to have negligible impact on decoding complexity.  Note that this signaling approach does not constrain the Node B scheduler: any of the 16 HARQ processes can be associated with either of the MIMO streams.  This aspect is beneficial e.g. when the number of streams can vary.

Note that only one of the IDs associated with the UE is proposed to be the same as the one used for UE specific scrambling that is applied to part 1 of the HS-SCCH.  Part 1 could be scrambled with the same ID as in part 2, but then the UE would have to decode part 1 with a UE ID hypothesized for each stream, which seems unnecessarily complex.

3. feedback overhead

The second MIMO stream is turned on and off dynamically in the 2 HS-SCCH solution, so the amount of overhead it introduces depends on how often it is used. We performed some link level simulations at various geometries to determine the fraction of time the second stream is on.  We then examined the geometry distribution of an SCM urban microcell [
] to find how frequently each geometry occurs.  The geometry distributions are shown below.  Given the number of streams used at each geometry and the probability of each geometry, we then determined the mean amount of time each stream was used.
[image: image1.wmf]For the non isolated and isolated cases, we found about 10% and 30% usage of the second stream on average over the cell.  This is because the second stream is not turned on with high frequency until geometries are greater than 10 dB and these high geometries are only a fraction of the cell even in the isolated case.  Therefore, we observe that the ability to turn off the second stream can bring substantial reductions in HS-SCCH usage, and find that even in isolated cells 2 HS-SCCHs do not bring too much overhead.

Since combining the two HS-SCCHs could reduce downlink overhead, we briefly consider some approximate gains of the 1 HS-SCCH solution.  Using the approximate message sizes from [
], a dual stream HS-SCCH takes about 59 bits, which is 59/37=1.6 times greater than the R6 HS-SCCH message size.  Therefore, unless the 1 HS-SCCH solution is switched to a single stream format, it will not have the same overhead as the 2 HS-SCCH solution backward compatible solution.  

We can calculate the approximate benefit of the 1 HS-SCCH solution using the second stream usage statistics above along with the 1 stream single HS-SCCH messages size of [7].   The additional overhead for a 1 HS-SCCH approach for MIMO operation in the isolated cell compared to R6 HS-SCCH is: (0.3*59+0.7*40)/37=1.23.  Similarly for the non isolated cell case, we have (0.1*59+0.9*40)/37=1.13.  Comparing these to the 30% and 10% additional overhead from the 2 HS-SCCH solution, we find that when 2 transport formats are blindly detected with the 1 HS-SCCH solution, the differences are fairly small (differences of 3-7%).  Assuming that we estimate HS-SCCH to be on the order of 10% for the sake of argument (note that only 5% is used in the UTRA R6 reference configuration [
]), then the net difference in overhead between the two solutions would be 0.3% to 0.7%.  So it is probably not a factor when deciding between the 1 and 2 HS-SCCH solutions.
4. ReferenceS

Appendix: simulation assumptions

	Parameters
	Value
	Remarks

	Number of Tx Antennas
	2
	

	Number of Rx Antennas
	2
	

	Overhead Channel Power per Antenna
	5%
	10% total out of both antennas

	Pilot Power per Antenna
	5%
	10% total out of both antennas

	Pulse Shaping
	Sqrt. Raised Cosine, alpha=0.22
	

	Sampling Rate
	2x3.84x106
	2X sampling

	HS-PDSCH Code space
	12 of 16
	

	Channel Models
	Vehicular A
	

	UE Speed
	3 km/h
	

	Antenna Correlation
	Uncorrelated
	

	Slots between TTIs allocated to a UE
	9 slots
	i.e. 1 in 4 TTIs allocated to a UE

	CQI Feedback Delay
	7 slots
	Measure at n-th apply at (n+7)-th

	FBI Delay
	2 
	Measure at n-th apply at (n+2)-th  

	FBI Bits / Slot
	2 bits
	

	Weight Vector Update Rate
	Once per TTI 
	

	HARQ Feedback Mode
	Per Stream
	Independent

	Antenna Feedback Quantization
	Mode 1
	As agreed for D-TxAA

	Receiver Type
	Linear Space-Time MMSE
	33 Taps per receive antenna

	Channel Estimation
	Ideal
	

	System Level Channel Model
	SCM Urban Microcells [6]
	For Geometry Calculation

	Site-Site Spacing
	500m
	

	Cell Isolation
	0 or 6 dB
	All non serving cells attenuated
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