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1. Introduction
In RAN2 #56 a liaison statement from RAN1 summarized the status of the MIMO discussions and agreements. The main points that impact RAN2 specifications can be summarized as follows:
1. A MIMO capable UE can be signalled to operate in “MIMO mode” by RRC. When not in MIMO mode it would operate as a regular non-MIMO UE

2. A MIMO UE category supporting 15 codes and 28 Mbps peak data rate will be defined (doubling existing Rel-5 category 10 peak capability).

3. One more UE category will be defined for Rel-7 FDD MIMO: Support for 15 codes and 2x10 Mbps (doubling existing Rel-5 category 9 peak capability). Non-MIMO category of MIMO UEs will be signalled independently. MIMO capable UEs will use one of the existing Rel-5 categories supporting 15 codes when not operating in MIMO mode.
4. The existing transport block sizes shall be reused without changes

5. In MIMO mode dynamic scheduling of single and dual stream transmission is possible.

6. The UE will ACK/NACK each transmitted transport block separately. Note that in the two stream case two separate transport blocks would be transmitted simultaneously on different beams.

These agreements have impacts on different parts of the RAN2 specifications. In the following subsections we provide a description of how each specification impact. The actual CR to each impacted TS can be found in [4], [5], [6] and [7].
2. Discussion

In this section we describe the impact on each RAN2 TS.
2.1. Impact on 25.306
2 new HSDPA categories, 9m and 10m, based on the existing categories 9 and 10.  The only difference is a doubling in each case of the “Total number of soft channel bits” field.
2.2. Impact on 25.308

The changes to the legacy HSDPA operation introduced by MIMO are captured in the HSDPA Stage 2 document.
2.3. Impact on 25.321
The impact of the MIMO feature on the MAC specification has been investigated in the past ([2], [3] and earlier contributions as well) and the general view has been that a UE operating in MIMO mode can be seen from the user plane perspective as a UE potentially receiving two parallel HS-DSCH transmissions in the same TTI. Each stream carrying independently encoded and modulated legacy HS-DSCH transport blocks. 
This view is further confirmed by points 4 and 6 of the RAN1 agreements listed above.

Following this perspective on MIMO, we can derive the various impacts on the MAC specification, namely the MAC architecture and modelling, the HS-DSCH HARQ operations and the reordering entity.
2.3.1. MAC Architecture and Modelling

During RAN1 MIMO discussion, it has been usually agreed that operating in MIMO mode would be modelled as configuring a single HS-DSCH transport channel which can carry zero, one or two MAC-hs PDUs per TTI.
An alternate interpretation which models the MIMO operation as configuring two HS-DSCH transport channels which can each carry zero or one MAC-hs PDUs per TTI would be interesting if it was possible to associate each HS-DSCH with a particular MIMO stream. Point 5 of the RAN1 agreements allowing dynamic switching from single to dual stream however makes this association difficult to maintain. It is indeed possible that an initial HARQ transmission performed on a single stream is retransmitted on the other stream or on two streams. 
Because of this limitation we propose that MIMO mode be modelled as configuring a single HS-DSCH transport channel which can carry zero, one or two MAC-hs PDUs per TTI. 
The impact on the specification is limited to a single section describing the UTRAN side MAC-hs entity.

Proposal: Model MIMO mode of operation as a single HS-DSCH transport channel which can carry zero, one or two MAC-hs PDUs per TTI.

2.3.2. HS-DSCH HARQ operations

As a result of the proposed interpretation of the MIMO mode of operation, it is straightforward to note that a UE operating in MIMO mode must be able to maintain and operate twice as many parallel HARQ processes as in the legacy HS-DSCH HARQ operation. Since the current HARQ entity contains a configurable number of HARQ processes, we observe this would still be the case in the MIMO mode of operation and thus propose to not change the legacy principle.
Furthermore, taking into account the point 6 of the RAN1 agreements, the operation of each individual HARQ process is identical to the legacy operation and thus we propose to not change the existing principle of HARQ process operations.
The impact on the HARQ operations is therefore nil.
Proposal: The existing model for HARQ operations (configurable number of HARQ processes in a single HARQ entity, independent feedback of each HARQ process) supports the agreed MIMO mode of operation.
Some optimizations proposed in [2] to reduce the HS-SCCH signalling may be interesting to support and RAN2 may be interested in discussing the proposed enhancements. However, the resulting changes would impact the RAN1 specifications rather than RAN2’s. We therefore propose to treat this issue separately.
2.3.3. Reordering Layer operation

The MIMO mode of operation potentially doubles the data rate by doubling the number of MAC-hs PDU that may be received in a single TTI. Since the reordering layer is characterized by a semi-statically configured window and timer operation which was designed with the assumption that at the most one MAC-hs PDU may be received at a time, there are concerns that the existing parameters would need to be changed. 
In the following two subsections we look into more details at each parameter.

Reordering Release Timer (T1)

This timer dictates how long the reordering entity waits for a missing MAC-hs PDU. Since the MIMO mode of operation only changes the number of packets that are received per TTI, it does not impact how long a packet can be retransmitted for and thus the existing functionality applies.

In a previous meeting, some concerns were raised that a MAC-hs PDU may start to be transmitted during a dual stream transmission and then retransmitted using a single stream transmission. Although this case correctly points out a scenario which results in a large delay, it is in principle not different from the existing HS-DSCH operation where HARQ being asynchronous, UE can wait for a retransmission for an arbitrary amount of time.
Proposal: The existing functionality and parameter range for T1 Timer is kept identical.
Reordering Window

The current 6-bit field TSN yields a 64 bits sequence space and a maximum window size of 32. In principle, in order to maintain the same window utilization, the sequence number space should be doubled in order to accommodate reception of twice as many packets.

In practice however, it appears the maximum value 32 is very seldom used which indicates network can easily operate with a smaller window. This is understandable considering the existing value 32 is very conservative. It would indeed allow for a single MAC-hs PDU to be retransmitted 5 times (i.e. 6 transmissions) while all other HARQ processes succeed in a single transmission before being blocked by the window size.
In practice, with the help of link adaptation, DL transmissions never require so many retransmissions (typically, the first transmission success rate is 90% on the DL). Also, if an HARQ process requires a large number of retransmissions, it is very likely that other HARQ processes will also require large numbers of retransmissions, slowing down the advance of the window all together. 
Proposal: The existing functionality and parameter range for the reordering window is kept identical.
We note that some changes to the MAC-hs PDU header have been proposed as part of a separate WI on L2 improvements. We propose to discuss these changes separately and simply note that the MIMO mode of operation does not require an increase of the reordering window.
2.4. Impact on 25.322
The MIMO mode of operation has the potential to double the peak data rate at the RLC level. RLC must be improved to efficiently support the increase of data rate provided by MIMO. This is the subject of a separate WI and is proposed to be treated separately.

Proposal: The necessary RLC changes are treated in a different WI.
2.5. Impact on 25.323

No impact on PDCP is foreseen.
2.6. Impact on 25.331

The RRC impact can be divided into two general categories: (1) description of MIMO parameters for over-the-air transmission (including addition of the new HS-DSCH UE categories to the appropriate enumerated fields), and (2) procedural text for activating and deactivating MIMO mode.
The following parameters need to be provided:

· “M” and “N” parameters governing the pattern of CQI reporting
· Pilot configurations

Although M and N are described as separate parameters in the RAN1 work, from the signalling perspective it makes sense to signal them as a single enumerated parameter.  The semantics are that N of every M CQI reports should be of type A, with N/M running from 1/2 to 1 in some reasonable number of steps.  The final numbers need to be agreed upon by RAN1, but for the draft CR we suggest the range (1/2, 2/3, 3/4, 4/5, 5/6, 6/7, 7/8, 8/9, 9/10, 1/1).

These parameters could be signalled to the UE without actually starting operation in MIMO mode, so that the UTRAN can set them once and then decide to switch MIMO on and off as conditions permit, without needing to repeat the parameters every time.  RAN1 are studying the potential benefits of this sort of “casual” switching, but whether it is beneficial in practice may not be known until MIMO is in deployment.  It is safest to provide the signalling functionality.

Further, RAN1 have suggested the possibility of starting CQI reporting on the MIMO pattern even when a UE is not operating in MIMO mode; the reports would be used to support a decision at the Node B on when it would be useful to switch MIMO mode on.  Of course, such a decision would need to be negotiated between the Node B and RNC, and the work is ongoing to determine whether the benefits justify the complexity—however, the signalling support for this possibility is not difficult, and the draft CR leaves the possibility open by decoupling the trigger for CQI reporting from the trigger for operation in MIMO mode as such.
MIMO can be activated and deactivated as part of the following procedures:

· Reconfigurations

· RB Setup/Release

· Cell update
It is not deemed useful to turn MIMO on and off with the RRC CONNECTION SETUP or ACTIVE SET UPDATE messages, since neither operation would affect the HSDPA serving cell.
3. Conclusion
In this contribution we described in details the impact of the MIMO mode of operation on the relevant RAN2 TSs. The corresponding CRs to introduce MIMO can be found in [3], [4], [5], [6] and [7].
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