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1. Introduction 

At RAN WG1 #46bis it was agreed that ‎[1];

· A single HS-SCCH is used for single stream and dual stream scheduling of a MIMO UE.

· The UE is still monitoring up to 4 HS-SCCHs

· The HS-SCCH will have the part I/ part II structure.

· Part I one will have a fixed format containing information on 
Channelization code set; 
Modulation scheme(s);
Antenna Weights;
Number of streams;
UE ID (used to scramble Part I).
· Part II will have two possible formats (depending on the number of scheduled streams) containing information on
Transport block size(s);
Redundancy version(s);
New data indicator(s);
H-ARQ process(es);
CRC (masked with UE ID).
· No additional information for optimization of SDMA is put on HS-SCCH.
It was further agreed to use ‎[2] as a starting point. In this document we present details of the description of the HS-SCCH used in MIMO mode.

2. MIMO HS-SCCH Part I

It has been suggested that the channelization code set (CCS) should be reused symmetrically over the two transmitted streams since this anyway have to be assumed by the UE for CQI estimation. This will also minimize the needed signalling, since the same channelization code set is used on both streams. However, it has also been pointed out that this implies some restrictions on the scheduler and the range of transport block sizes which can be transmitted on one stream relative to the other ‎[2]. It is noted that if full flexibility of code allocation between streams are needed, this will increase the amount of bits in Part I of HS-SCCH significantly. Currently (Rel-6) 7 bits are allocated for signalling the channelization code set (CCS). Doubling the number of bits allocated for CCS would dramatically increase the needed power on HS-SCCH and might therefore be prohibited. Partial reuse of the channelization codes have also been suggested ‎[2], which will lead to a less excessive increase in the needed transmit power on HS-SCCH.

The main argument for adopting asymmetric code allocation is that this provides better support for the case when the size of the transport blocks on the two streams differ significantly. That is, the two transport blocks can not be transmitted on the same number of codes with the current TBS tables. There are several cases when this might happen:

1. The CQI between the two streams differ significantly

2. There could be a retransmission of a large TB on one stream and at the same time a much smaller amount of data in the HARQ buffer to be sent over the other stream.

3. There could be a retransmission of a small TB on one stream and at the same time a much larger amount of data in the HARQ buffer to be sent over the other stream.

However, one could claim that 100% utilization of the HS-DSCH resource is not required for the cases above when there are several users sharing the HS-DSCH resource. For case 1, if the CQI differs significantly, then it might be more economical to do single-stream transmission and use the other stream for serving another user (SDMA) with better channel quality. For case 2, the loss induced by delaying the smaller TB is negligible. Note that in this case the buffer is emptied anyway. Similarly for case 3, the loss is negligible if there is one TTI delay.

It can also be argued that asymmetric code allocation would put less constraint on the scheduler, and therefore make the implementation easier. The reason for this is that the two streams can be scheduled more or less independently, since the transport format of the latter scheduled stream is not restrictive by the code allocation made on the first stream. This is, however, only the case in very specific situations, namely when the two streams are independent. Normally, the allocation of the first stream will affect the second stream and vice versa. Note that the UE has assumed symmetric code allocation when estimating the CQI. Hence, if a larger or smaller amount of codes are used for the second stream, this will induce more or less interference on the first stream. Therefore, this will affect the transport format used for the first stream, which indicate that independent scheduling of the two streams is, in general, not possible.

If we make provision for 64QAM symmetric code allocation would lead to a Part I consisting of 13 bits according to:

· Channelization code set stream 1 (CCS)


7 bits

· Modulation scheme (MS1 + MS2) + number of streams
4 bits

· Antenna weight indicator




2 bits
If partial asymmetry is allowed, the HS-SCCH Part I would consist of  e.g. 16 bits while full asymmetry would need ca 20 bits in Part I. The exact number of bits, depends on the exact bit allocation and how much asymmetry that is allowed. For example, the same starting code could be used, hence only the number of codes need to be signalled for the second stream.

To investigate the power needed to keep the same quality as HS-SCCH Part I in Rel-6, simulations have been performed in AWGN.  Figure 1 and shows the miss rate and message error rate when 13, 16 or 20 bits are allocated to HS-SCCH Part I. For comparison, we also show the performance for the Rel-6 counterpart. For all cases, the detection threshold of part I is set such that the false alarm probability is 1%. It is noted that to maintain 1% false alarm rate,0.5% Part I miss rate and 0.5% message error rate, 0.93dB more power is needed if 13 bits are allocated to Part I compared to the 8 bits in Rel-6. The corresponding numbers for 16 and 20 bits are 2.15 and 3.42dB, respectively. 
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Figure 1: Miss probability and message error rate for different sizes of Part I.
3. MIMO HS-SCCH Part II

Part II of the MIMO HS-SCCH will consist of two different formats depending on the number of streams transmitted. In the case of single stream transmission a similar format as in Rel-5 can be used, except one bit is added for HAP as described below. For the case with dual stream transmission, the transport block size (TBS) has to be signalled per stream. Similarly, if the redundancy version (RV) and new data indicator (NDI) are sent per stream this results in TBS(2x6) + RV(2x3) + NDI(2x1) = 20 bits. The number of bits required for the HARQ process (HAP) depends on what restrictions are applied. If full flexibility is needed, this requires 2x4 bits (this also adds one bit for the single stream HAP which then require 4 bits). This means that in total 20+8+16(CRC) = 44 bits are needed for dual-stream transmission. For single-stream transmission, 30 bits are required. 
3.1. HARQ process indication

It is noted that full HARQ processing flexibility may not be needed ‎[3]. Next we describe a scheme which will result in only 3-4 bits for HAP, depending on the number of streams. We assume that 8 processes are needed for continuous transmission in the single stream case. Next we define the sub-processes "a" and "b" of each HARQ process, 1a, 1b, …, 8a, 8b. This means that addressing a process (including its sub-process) needs 3+1=4 bits. When two streams are transmitted the sub-processes "a" and "b" can be coupled to the first and second stream, respectively, and do not have to be explicitly indicated. When only one stream is transmitted the sub-process needs to be indicated with a single bit. Thus 4 bits are needed in the one stream case and 3 bits in the two stream case. This leaves the size of the part II message unchanged at 30 bits for single-stream transmission. However, for dual-stream transmission the number of bits is reduced from 44 to 39 — a significant savings.

One could imagine optimizing this even further by specifying that one of the sub-processes is always used in case of single stream transmission. That would however be too restrictive since a transmission in two streams may need to be retransmitted in two single-stream transmissions in two different TTIs.  In that case it would be necessary to be able to indicate which of the sub-processes that are transmitted in the single stream case.
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Figure 2: Illustration of HARQ protocol operation with two sub-processes.

In the example illustrated in Figure 2 the first transmission in process 1 and 2 is done with two streams (two sub-processes per TTI). When the retransmission occurs HARQ process 1 is still transmitted with two streams but HARQ process 2 is transmitted with one stream in two consecutive TTIs due to changed radio conditions.

3.2. Power Control Targets

The various options for encoding the Part II message are as follows:
· For single-stream transmission, the 30 information bits are encoded by a rate 1/3 WCDMA convolutional code and rate-matched to 80 bits.  The net coding rate is 0.375.

· For dual-stream transmission with the proposed HARQ process indication, the 39 information bits are encoded by a rate 1/2 WCDMA convolutional code and rate-matched to 80 bits.  The net coding rate is 0.49.

· For dual-stream transmission with the full-flexibility HARQ process indication, the 44 information bits are encoded by a rate 1/2 WCDMA convolutional code and rate-matched to 80 bits.  The net coding rate is 0.55.
The AWGN channel performance for the various options is plotted in Figure 3
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.  To maintain a miss probability of 0.5%, the power control target for MIMO HS-SCCH part II should be raised by 0.2 dB for single stream transmission compared to Release 6.  For dual-stream transmission with 39 information bits, the target should be raised by an additional 1.45 dB. Dual stream transmission with 44 information bits requires another 0.72 dB on top of this. In other words, adopting the proposed HARQ process indication method results in a savings of about 0.7 dB compared to the full-flexibility approach.
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Figure 3: AWGN performance of HS-DPCCH Part II.
4. Conclusions

We propose to include signalling for 64QAM and to restrict the code allocation to be symmetric. We further propose to restrict the HARQ processing flexibility and thus save several bits in Part II for the dual stream case.
The proposed numbers of bits for HS-SCCH are:

Part I: 

· Channelization code set 




7 bits

· Modulation scheme (MS1 + MS2) + number of streams
4 bits

· Antenna weight indicator




2 bits
Thus in total 13 bits.

Part II:

Single stream

· Transport block size 


6 bits

· HARQ process  info + sub-process indicator
4 bits

· Redundancy version


3 bits

· New data indicator


1 bit

· UE ID




16 bits

Total of 30 bits.

Dual stream

· Transport block size x 2


12 bits

· HARQ process info 


3 bits

· Redundancy version x 2


6 bits

· New data indicator x 2


2 bits

· UE ID




16 bits

Total of 39 bits 
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