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1 Introduction
At RAN#54 plenary, a work item (WI) was started on MIMO with 64QAM for HSUPA (see [1]). The RAN1-part of the WI is planned for completion by RAN#57 (September, 2012). The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.  
Some of the remaining UL MIMO issues from RAN1#68 having an impact on the DL control channel design include:
· Grant handling for rank2 transmissions.
· Secondary stream data control, i.e. how to set the data rate for the secondary stream.

· DL rank signaling.
In [3] we discussed design aspects related to these three aspects. In this contribution, we further elaborate upon design aspects related to these issues with focus on the impact on the DL control channel design.
2 Background
In [3], we discussed design aspects related to grant handling, E-TFC selection and DL rank indication. Based on the discussions a number of proposals were made. A summary of the proposals are given below for completeness:
Proposal: We propose to have a common grant which is shared equally between the streams. Hence, for dual stream transmissions, half the grant is given to each stream.
Here, we notice that it may be convenient to introduce the concept of effective serving grant, Geff . For single stream transmissions, the effective serving grant is the whole serving grant, i.e. Geff = G), while for dual stream transmissions, the effective serving grant is half the serving grant Geff = G/2.
Proposal: The MIMO E-TFC selection mechanism is the same as the legacy E-TFC selection procedures based on the effective grant and with rank dependent reference values.
Proposal: We propose that the secondary stream TBS is based on the MIMO E-TFC selection procedures using the serving grant minus a network signaled SIR offset ∆ (in dB).
3 DL Control Channels and Rank Decision
We need a solution for signalling preferred rank and the SIR offset ∆ to be used to set the TBS for the secondary stream. The design should take the following aspects into consideration:

· No change in the implementation is needed for signalling the grant or the pre-coding choice, i.e. grant is signalled using the E-AGCH and E-RGCH, and TPI is signalled using the F-TPICH.

· The E-HICH is used to convey DL HARQ acknowledgments. Each UE is assigned two signatures in order to acknowledge two HARQs for rank2 transmissions.

· We should avoid coupling the signalling of grant and the signalling of rank and SIR offset since they may be using different time constants. Grant is a system resource controlling the system stability, e.g. RoT, and hence possibly changed on a slow basis. The required SIR offset and the transmission rank are link adaptation parameters. The SIR offset depends on channel characteristics and needs frequent updating. The suitable rank depends on both network characteristics and channel characteristics.
· In our view it is beneficial to leverage on existing control channel structures as much as possible in order to minimize the RAN4 impact, i.e. avoid new tests as fas as possible.
3.1 SIR offset and rank signalling

We propose to introduce a new channel in order to signal the preferred transmission rank and an absolute SIR offset, namely the so-called absolute rank and SIR offset channel (A-ROCH). The A-ROCH uses the same structure (format) as the E-AGCH, i.e. it is a shared channel utilizing ID-specific CRC attachment with in total 6 information bits. By default the E-AGCH and the A-ROCH use different channelization codes configured by the network, and different IDs (UE masks). The UE needs to monitor both these channels. One option is to allow the network to configure the E-AGCH and the A-ROCH to use the same channelization code in order to save code resources (and UE despreader capacity). In this case the E-AGCH and the A-ROCH cannot be transmitted simultaneously. The A-ROCH needs to be transmitted whenever the rank is changing, but it can be transmitted otherwise as well to signal a new absolute SIR offset value. The meaning of the information bits is FFS, but some reflections follow below:

· Since the A-ROCH is CRC protected, it is very likely that the correct information is decoded whenever the channel is detected.

· One bit sequence is used to indicate that rank 1 is preferred (e.g. the E-AGCH values ZERO GRANT or INACTIVE). Alternatively the scope bit can be used to indicate the preferred rank.

·  The scope bit can either be kept or removed. If it is removed a total of 2^6-1 values can be used to signal absolute SIR offset values. If the scope bit is kept 2^5-1 values can be used to signal absolute SIR offset values, and the scope bit can be used to
· Indicate the preferred rank.
· Indicate the sign of the SIR offset value, i.e. whether the SIR offset value is positive or negative. In this case can existing grant tables potentially be re-used to signal the SIR offset.

· Similar as the E-AGCH scope meaning it can indicate whether the rank change targets a specific process or applies to all processes.

Proposal 1: We propose to introduce a new channel (the so-called A-ROCH) based on the same structure as the E-AGCH for signaling the preferred rank and absolute offset values. The exact format of the A-ROCH is FFS.
Proposal 2: As a working assumption we propose that the network assign different channelization codes and identities to the E-AGCH and the A-ROCH, but the network can configure the E-AGCH and the A-ROCH to use the same channelization code.

To signal the relative SIR offset values, we see two main alternatives:
1. Introduce a relative SIR offset channel which uses the same structure (format) as the E-RGCH. This channel will use a new signature sequence.  
2. Extend the existing F-TPICH and use the empty third slot in each sub-frame to signal the relative SIR offset value. 
Alternative 1 allows non-serving cells to influence the SIR offset value. It can be argued whether this is beneficial or not. If the main reason for non-serving cells to affect the SIR offset is to influence the interference situation in the own cell, then it is probably better to decrease the grant using the E-RGCH. Alternative 2 has the benefit that no additional resources need to be consumed since the F-TPICH is anyway transmitted, and the last slot is currently not used. Therefore, this option is efficient in terms of the used resources. Note that relative SIR offsets are only meaningful for rank2 transmissions; hence the UE can ignore any information conveyed in the last slot of the F-TPICH during rank1 transmissions. 
Proposal 3: As a working assumption we propose to use the third slot in each sub-frame of the F-TPICH to signal relative SIR offset values when configured in rank2. Details are FFS.
3.2 UE based rank decisions

In general, the network should make the decision about what rank to use. One question is whether there exists situations where the UE is allowed to override the NodeB indicated rank. Some reflections are:

· Signaling errors. The UE might miss to detect feedback information (e.g. a rank change, an E-HICH response, etc.) which puts the UE in a difficult position if it is not allowed to change the rank autonomously. 

· We need to make sure that the channelization code constraint stating that only 2xSF2+2xSF4 is allowed in dual stream operation is fulfilled. Hence, if the quality of the secondary stream becomes too poor (e.g., a large negative SIR offset signaled), we need to force a rank1 transmission, or freeze/ignore the feedback loop during the period of too poor quality.
· Due to the HARQ retransmission mechanism the UE might need to override the preferred rank.
4 Conclusions
This contribution discussed different design aspects related to the DL control channel layout.
A summary of the proposals are given below:

Proposal 1: We propose to introduce a new channel (the so-called A-ROCH) based on the same structure as the E-AGCH for signaling the preferred rank and absolute SIR offset values. The exact format of the A-ROCH is FFS.
Proposal 2: As a working assumption we propose to assign different channelization codes and identities to the E-AGCH and the A-ROCH, but the network can configure the E-AGCH and the A-ROCH to use the same channelization code.

Proposal 3: As a working assumption we propose to use the third slot in each sub-frame of the F-TPICH to signal relative SIR offset values when configured in rank2. Details are FFS.
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