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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#68bis 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.
Design issues related to these issues were discussed in [3]. In this contribution, we further elaborate upon these aspects 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 presented. For completeness the proposals are repeated below:
Proposal: We propose that the grant is shared equally between the streams. Hence, for dual stream transmissions half the power is given to each stream.
Proposal: The MIMO E-TFC selection mechanism is the same as the legacy E-TFC selection mechanism operating on the rank modified serving grant and with rank dependent reference E-TFC selection values.

Proposal: We propose to decide the secondary stream TBS based on the MIMO E-TFC selection mechanism using the scaled serving grant (SG/2) minus a network signaled offset ∆ (in dB).
3 DL Control Channel Design Principles
We need a solution for signalling preferred rank and the secondary stream E-TFC offset ∆. The design should take the following aspects into consideration:

· Preferably no change should be 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 secondary stream 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 far as possible.
3.1 SIR offset and rank signalling

We propose to re-use the E-AGCH channel structure in order to signal the preferred transmission rank and the secondary stream E-TFC offset ∆. The E-AGCH is a shared channel utilizing ID-specific CRC attachment with in total 6 information bits. A reasonable design choice would be to configure a primary E-AGCH and a secondary E-AGCH (S-E-AGCH) using different channelization codes and different IDs (UE masks) for an UL MIMO user. The E-AGCH would convey grant information (as for legacy) and the S-E-AGCH would signal the preferred transmission rank and the secondary stream E-TFC offset ∆. The UE then needs to monitor both these channels. One option is to allow the network to configure E-AGCH and S-E-AGCH to use the same channelization code in order to save code resources (and UE despreader capacity). In this case, however, the E-AGCHs cannot be transmitted simultaneously, i.e. grant information and rank and the secondary stream E-TFC offset ∆ cannot be conveyed simultaneously. Two main alternatives to indicate the rank can be envisioned:
1. The presence of the S-E-AGCH (second UE id) is an indication that rank2 is preferred. This would mean that the S-E-AGCH always needs to be transmitted during rank2. Hence, if both E-AGCHs use the same channelization code it is impossible to change the grant during rank2 transmissions. Furthermore this might lead to unnecessary rank changes if the UE misses to detect the S-E-AGCH and hence thinks it is a rank1 transmission.
2. There is a special bit in the S-E-AGCH that informs the preferred rank. In this case the S-E-AGCH needs to be transmitted whenever the preferred rank should be changed. 

The latter approach is preferred due to many reasons. For example, it seems reasonable to avoid having to transmit the S-E-AGCH continuously during rank2, and instead let conveyed information be valid until new information becomes available. For example, the rank will remain fixed until an explicit command to change the rank has been received. This means e.g. that if the UE misses to detect a rank change (missed to detect the S-E-AGCH) the NodeB will need to issue a new command to change the rank. This is very similar to the existing operation of signaling a new absolute grant. Similarly, the secondary stream E-TFC offset ∆ value will remain fixed until it is updated or a rank change occurs.

The meaning of the information bits for the S-E-AGCH is FFS, but some reflections follow below:

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

· One bit sequence can be used to indicate that rank 1 is preferred (e.g. the existing E-AGCH values ZERO GRANT or INACTIVE), for all other bit sequences the preferred rank is 2. Alternatively the existing scope bit can be used to indicate the preferred rank. In the latter case, the existing grant (power) values might be re-used as is. One question is whether existing grant tables offer a suitable granularity. It seems reasonable to assume that the secondary stream E-TFC offset need to be in the range of zero to ten or fifteen dB.
· 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 secondary stream E-TFC offset values. If the scope bit is kept, 2^5-1 values can be used to signal secondary stream E-TFC offset values, and the scope bit can be used to, for example, indicate the preferred rank.
Proposal 1: We propose that a primary E-AGCH and a secondary E-AGCH (S-E-AGCH) using different channelization codes and different IDs (UE masks) are configured for a UL MIMO user. The primary E-AGCH conveys absolute grant information (as of today) and the S-E-AGCH signals the preferred transmission rank and the secondary stream E-TFC offset.

Proposal 2: Optionally the network may configure both the E-AGCH and the S-E-AGCH to use the same channelization code.
Proposal 3: The preferred rank is conveyed using the S-E-AGCH. Either by having a specific rank bit or by having a specific message (one bit sequence) in the S-E-AGCH to indicate that the preferred rank is one, whereas all other messages correspond to rank2.
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 that a primary E-AGCH and a secondary E-AGCH (S-E-AGCH) using different channelization codes and different IDs (UE masks) are configured for a UL MIMO user. The primary E-AGCH conveys absolute grant information (as of today) and the S-E-AGCH signals the preferred transmission rank and the secondary stream E-TFC offset.

Proposal 2: Optionally the network may configure both the E-AGCH and the S-E-AGCH to use the same channelization code.
Proposal 3: The preferred rank is conveyed using the S-E-AGCH. Either by having a specific rank bit or by having a specific message (one bit sequence) in the S-E-AGCH to indicate that the preferred rank is one, whereas all other messages correspond to rank2.
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