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MIMO Impacts to L2 and L3
1 Introduction

It was decided in TSG RAN #32 to standardise MIMO for UTRA based on D-TxAA scheme. In this document we discuss some of the potential impacts to the RAN2 specifications of a scheme.
2 Discussion

In very basic terms, MIMO can be seen as a scheme where the transmitter paths are duplicated to achieve higher data rates than with a single path.

Under the current UTRA MIMO scheme (D-TxAA), higher data rates are considered only for the DL and affecting HSDPA.
This can be seen from RAN2 as a parallel HS-DSCH stream transmission to the same UE. This would mean that the streams carry independent data from each other, thus achieving twice the HS-DSCH data rates available in Rel-6. A similar description has been provided to RAN2 previously in R2-061491. Note that only two streams are considered.
It is somewhat up for debate whether 2x14Mbps is a realistic assumption. But this has little bearing on the general analysis of L2/L3 impacts. Therefore, we will not concentrate on this issue at this point.
2.1 RRC Impact

The RRC is not impacted directly by the user plane L1/L2 changes. It would however have to support the necessary signalling for parameterisation of the scheme. This would require critical extensions to various RRC DL messages. In addition, various procedures need to be addressed taking into consideration which scenarios apply for the configuration of the MIMO scheme.
The scenarios that need to be covered in further discussions are:

· direct setup from connection setup: RRC Connection Request

· direct setup from CELL_FACH state: Cell Update Confirm, Physical/Transport Channel Reconfiguration, Radio Bearer Reconfiguration

· direct setup from another RAT: Inter-RAT Handover to UTRAN

· Handover from R99/4/5/6 to MIMO and vice-versa: Physical/Transport Channel Reconfiguration, Radio Bearer Reconfiguration
· SRNS Relocation: Inter-RNC relocation container
· UE capability handling : Inter-RAT Handover Info, RRC Connection Setup Complete, RRC Connection Request (dependent on direct setup from connection setup)
Although the scenarios seem extensive, it must be pointed out this nothing beyond the normal impact of RRC when new radio features are introduced (e.g. E-DCH). Therefore, in that sense we would not expect an impact beyond the support of signaling and handling of the IEs in the relevant scenarios, as it was done with other features and previous releases.

2.2 PDCP Impacts

As already pointed in a previous contribution to RAN2 (R2-061491), no impacts to PDCP are expected.
2.3 RLC Impacts
The rates being considered for MIMO are significantly higher than 14.4Mbps. This means that RLC-AM window must be taken into consideration when introducing MIMO in the specification.

In order to keep window sizes of 2047 PDUs and allow a similar RLC RTT as in Rel-6, the natural choice would be to increase the RLC PDU size. If we assume an RLC RTT close to 100ms, the RLC payload size could have to be increased to 1280 bits (960 bits payload would probably mean an RLC RTT closer to 75ms).
The current RLC-AM relies on a fixed PDU size. If we take the value of 1280 bits, it is possible to see that this would generate unworkable data rates at cell edge (minimum data rate would be 640kbps per HS-DSCH stream). Addition the HSDPA link adaptation for each stream would need to work on 1280 bit granularity.
Using RLC payload sizes greater than 640 bits also means the L2 overhead per IP packet (1500 bytes) is increased when compared to using say 640 bit RLC payload. Our initial estimations indicate a MAC/RLC combined overhead of approx. 10% per 1500 bytes. To counterbalance this higher overhead, SDU concatenation would have to be used.
As seen above, the current working of RLC will cause an inefficient working of MIMO. Therefore, some improvements to L2 will have to be made.

One option would be to have a flexible RLC-AM. This has been discussed in R2-052508 and R2-061389.

This would improve the situation, but it would have some limitations due to an inefficient link adaptation mechanism. Furthermore, allowing RLC sizes to be aligned with IP packet sizes would mean that a loss of part of an RLC PDU would trigger the re-transmission of 1500 bytes.
One more efficient manner of overcoming the limitation of the Rel-6 L2, is to have a segmentation mechanism in the MAC layer. This would mean the MAC-hs in the Node B would require extra functionality in handling the segmentation of RLC PDUs, according to the radio conditions. This would also affect the MAC-hs PDUs, as they would need to be modified such the receiver (MAC-hs on UE side) can concatenate the transport blocks into RLC PDUs.
Our proposal would be for RAN2 to investigate the possibility of introducing segmentation/concatenation of RLC PDUs at the MAC.
This optimisation of the L2 would also need to be reflected in fallback operation (i.e. Non-MIMO) since it is not realistic to expect the current Rel-6 operation to work with RLC payload sizes in the order of 960/1280 bits. We would therefore, recommend that the MAC segmentation is able to work also in a fallback state.

2.4 MAC impact

It is currently not decided if a dual-stream transmission would require separate ACKs. One of the options being considered, is to have a single ACK that is sent on the UL only when both streams have been received correctly. In this case, the separate transport blocks arriving at the same HARQ process, would be passed on to the re-ordering qeue when both streams had been correctly received. In this case, the HARQ would have to be modified to handle two parallel HS-DSCHs and handle two separate streams of combining, although the positive acknowledgement of one would be dependent on the other.

Another possibility is to have a separate generation of ACKs for each stream. In this case we could duplicate the HARQ processes. With MIMO, these processes would be active in pairs and generating separate ACKs. 

It is expected that this decision will be taken based on the merits of each option, and will be driven more from RAN1 than RAN2.

Nevertheless, independent of either possibility, it the re-ordering queue memory, window sizes and TSN may have to be adapted to handle the higher number of MAC-hs PDUs being received.

If an alternative dual stream HARQ mechanism was agreed whereby the HS-DSCH transport blocks were combined into a single MAC-hs PDU, then the MAC-hs PDU sizes would be affected.

3 Proposal

A general overview of the issues RAN2 needs to address for the introduction of MIMO in the specification. We would propose that in upcoming meetings RAN2 discusses the impacts to MAC/RLC/RRC as described above so that standardisation of MIMO can be completed.
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