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1.
Introduction
RAN1 has recently progressed the work on MIMO for HSPA in Rel-7. In this document we discuss how the MIMO concept agreed in RAN1 affects the RAN2 specifications, with a focus on MAC impacts.
2.
MIMO agreements for Rel-7
The MIMO concept agreed in RAN1 [1] is a dual-codeword MIMO scheme based on D-TxAA. It supports dynamic switching between 1 and 2 streams and the peak rate with 2 streams is twice the peak rate of HS-DSCH in Rel-6. When 2 streams are transmitted, one transport block per stream is used and it has been agreed to reuse the same transport block sizes as in Rel-6. 

It has been agreed that one HARQ ACK/NACK per stream shall be transmitted, which allows for independent HARQ retransmissions on the two streams.

On the downlink control channel signalling it has been agreed to use a single HS-SCCH for a UE with a division into a  part I and a part II similar to Rel-5.
· Part I one will have a fixed format containing information on 
Channelisation 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).
Thus two formats for part II will exist where the format is dependent on the information in part I.

3.
MIMO impact on MAC
The high peak rates introduced by MIMO lead to that the Layer 2 protocols need to be modified. These modifications have been discussed in earlier contributions e.g. [2] and include flexible RLC sizes and MAC segmentation. These modifications to increase the supported peak rates are not discussed further here. However, there are also more specific impact on MAC from MIMO related to the HARQ protocol and reordering. These impacts are discussed in the following.

3.1

HARQ process indication
Since it has been agreed to transmit one ACK/NACK per stream and use one transport block per stream it is natural to transmit one MAC-hs PDU per stream.  In principle it would be possible to segment a MAC-hs PDU over the two streams (two transport blocks) but that would lead to problems e.g. when the radio resources have changed such that a retransmission needs to be done with only one stream.
It is natural that the HARQ protocol should support individual HARQ retransmissions on the two streams even if that is not explicitly captured in the RAN1 agreements. In HS-DSCH a maximum of 8 HARQ processes can be configured even if 6 processes would be sufficient for most Node B implementations. One obvious way to extend the HARQ protocol would be to double the number of HARQ processes to 16 such that 8 processes per stream could be used. That however requires a HS-SCCH of 4 bits per stream, i.e. in total 8 bits to indicate the HARQ processes.

A more efficient solution is to imagine 8 processes where each process 1..8 has two sub-processes a and b. When two streams are transmitted the sub-process "a" and "b" can be coupled to the first and second stream respectively and does 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.  
One could imagine to optimize 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.

[image: image1]
Figure 1 Illustration of HARQ protocol operation with two sub-processes
In the example in Figure 1 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

Reordering
According to the reasoning in the previous section two MAC-hs PDUs are transmitted per TTI in the two stream case. This means that two TSNs are "consumed" per TTI and the 6 bit TSN may potentially need to be extended to handle reordering.
If we assume that 6 processes (where each process has 2 sub-processes) this results in a total of 12 sub-processes which should be sufficient to allow continuous transmission if the processing requirements in the UE remain unchanged. If 4 HARQ transmission attempts (3 retransmissions) are considered one can do the following worst case calculation:

If one process is continuously failing (e.g. containing the MAC-hs PDU with TSN=0) and all other processes are received correctly, this gives a maximum reordering depth of (12-1)*(4-1) = 33 PDUs. This is just barely supported by the current TSN of 6 bits if a receiver window of 32 is configured.

It should be noted that this is a worst case calculation  and the scenario with a single continuously failing process while other processes are received correctly is unlikely. We therefore believe that it would be possible to keep the TSN to 6 bit
4.
Discussion and conclusion
It is proposed to agree on the following bullets
· One MAC-hs PDU is transmitted per stream (code-word)

· The HARQ protocol shall support individual retransmissions of the streams

· The HARQ protocol is extended by applying two sub-processes for each process id, resulting in a maximum of 16 sub-processes, to minimize control channel overhead

· It should be possible to start a transmission with two streams and perform retransmissions with a single stream in two TTIs 
· As a working assumption, the current reordering mechanism can be kept unchanged

We propose to adopt the agreeable points as working assumption and capture the results by notifying RAN1 
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HS-SCCH part 2 (two stream case)


HARQ process: 3 bit�Sub process id (a or b): derived from stream id and not explicitly indicated








HS-SCCH part 2 (one stream case)


HARQ process: 3 bit�Sub process id (a or b): 1 bit
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