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1. Introduction
At RAN#53, a new work item for HSDPA 4-branch MIMO was agreed in [1], in which the following objectives were included:
· Specify 4-branch MIMO transmission scheme for HSDPA for the following scenarios:

a. Simultaneous transmission of up to four layers to one UE in CELL_DCH should be possible.

i. It should be possible to operate 64QAM on all layers simultaneously.

ii. Specific transmission modes with two layers and single layer shall be supported.

b. All layers shall be transmitted from the same HS-DSCH cell

c. Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

d. The benefits of supporting 4-branch MIMO in combination with multi-carrier operation should be assessed during the work item. If benefits are deemed sufficient, enable operation of 4-branch MIMO in combination with downlink multi-carrier operation over 1-4 carriers.

e. It shall be possible to operate 4-branch MIMO in combination with a single uplink carrier if applied with downlink multi-carrier operation. 

f. The design should ensure that the impact on non-MIMO UEs and 2x2 MIMO UEs is minimized. Whether or not this needs to be handled explicitly in the specifications should be determined during WI.

· Introduce the functionality in the relevant specifications of

a. UL and DL control channel structure

i. The work should focus on reusing existing structures as much as possible. 

b. L2/L3 protocols

c. UTRAN network interfaces

d. UE RF core requirements with the work task breakdown 
Some initial considerations and analysis on the impacts to MAC layer will be discussed in this contribution.
2. RAN1 Agreements
In RAN1 #68 meeting, candidate transmission schemes for HSDPA 4-branch MIMO were discussed and the following agreements and working assumptions were made:
Agreements:

· Adopt a scheme with up to two codewords

· A codeword is mapped to up to 2 layers
· Single ACK/NACK per codeword
Working assumption:
· Keep separate encoding and CRC for each TB if two TBs are multiplexed in one codeword.
The general transmission procedure of 4-branch MIMO operation is shown in Figure 1 [2]. The transport blocks (TBs) selected by MCS control function are processed by TrCH processing and Layer mapping, and the output data are then spread/scrambled. There may be several data layers which will be pre-coded and summed at the antenna ports before transmission. 
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Figure 1: General procedure of 4-branch MIMO operation
Figure 2 shows a possible Transport Blocks -> Codewords-> Layers mapping scheme based on the latest RAN1 agreements, where two transport blocks with the same TB size are concatenated into one codeword, the codeword will then be mapped onto 2 layers. The codeword can be constructed by concatenating the two original transport blocks or interleaving them (FFS in RAN1).
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Figure 2: Block diagram of 4TB-2CW-4Layer mapping scheme
3. Discussion
3.1. MAC Architecture
According to the RAN1’s agreement and working assumption, it is apparently there is no impact on MAC architecture which is shown in Figure 3, see [3], e.g. it is still one HARQ entity per HS-DSCH serving cell, and no transport blocks concatenation/de-concatenation entity will be introduced in MAC.
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Figure 3: UE side MAC architecture/MAC-ehs details.

Proposal 1: MAC architecture does not need any change.

3.2. HARQ Process
Regarding the number of HARQ processes for 4-branch MIMO operation, two options exist as below:
· Option 1: one HARQ process per TB (up to 4 HARQ processes, two HARQ processes share one ACK/NACK feedback);

· Option 2: one HARQ process per codeword (up to 2 HARQ processes);

Option 1 is more flexible from Node B scheduling point of view, especially for the scenarios where HARQ retransmission are required however rank fallback occurs (e.g. fallback from rank4 to rank1 or rank3). In these scenarios, with option 1 Node B could freely choose to schedule one of the two TBs within the Codeword to fit the rank fallback, however with option 2 Node B have to postpone the retransmission, or anyway do the retransmission but results in increased TB error probability.
Considering the HARQ process number for 4-branch MIMO operation is closely connected with the downlink control signaling (HS-SCCH) design, therefore, it should be discussed and determined together with RAN1.
Note that the total size of HARQ soft buffer will be doubled comparing to 2-branch MIMO no matter which option is adopted.
Proposal 2: discuss and decide the number of HARQ processes together with RAN1.
3.3. Number of reordering SDUs per TTI
The reordering SDUs in one TTI can belong to at most 3 priority queues. For 8C-HSDPA, if the TSN field extension for MAC-ehs entity is configured, then MAC-ehs PDU(s) received during one TTI can not contain more than 64 reordering SDUs, see [3]. Since 64 reordering SDUs per TTI can satisfy the peak data rate of 8C-HSDPA, it should also be able to satisfy the peak data rate of 4-branch MIMO over 4 carriers, therefore it doesn’t need to increase the number of reordering SDUs per TTI for 4-branch MIMO.

Proposal 3: the number of reordering SDUs per TTI does not need to increase.
3.4. MAC Reordering
Currently, in order to achieve the required peak data rate of 336 Mbps for 8C-HSDPA, the maximum configurable MAC-ehs window size is 256. For 4-branch MIMO, since the same number of TSNs might be consumed per TTI (i.e. 16) comparing to 8C-HSDPA, in order to maintain the same MAC reordering depth, it seems reasonable to also configure the MAC-ehs window size to 256.
Proposal 4: the MAC-ehs window size does not need to increase.
3.5. TB Size Table
In order to reduce the complexity of signalling design and simultaneously ensure the downlink transmit data rate, RAN1 was agreed that two TBs with the same size are multiplexed (after the CRC and encoding) into one codeword. By this way, from MAC perspective, the TB can keep the current size and does not need to design a new TB size table.
Proposal 5: the TB size table does not need to change.
4. Conclusion

In this contribution, we made a general discussion on the potential MAC impacts brought by the introduction of 4-branch MIMO, RAN2 is kindly asked to discuss and agree on the following proposals:
Proposal 1: MAC architecture does not need any change.

Proposal 2: discuss and decide the number of HARQ processes together with RAN1.

Proposal 3: the number of reordering SDUs per TTI does not need to increase.
Proposal 4: the MAC-ehs window size does not need to increase.
Proposal 5: the TB size table does not need to change.
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