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1 Introduction

A the last meeting in Dresden, several agreements were made during the UL MIMO session.  Many of the basic UL MIMO elements/structures were agreed (see [1]).  Of the identified aspect that still needs to be studied by RAN1 consists of the control of the secondary stream.
Issues to be studied:

· How is the Serving Grant (SG) interpreted with rank2?
· Is the βed for an E-TFC recalculated for the primary stream when rank2 transmissions occur?
· How is the second stream E-TFC selection controlled?
· How is the second stream E-TFC selection compensating for the weaker SNR?
In this contribution we provide our view on the secondary stream and grant control for UL MIMO operations.
2 Discussion
At the last RAN1 meeting in Dresden, a number of contribution addressed the control of the serving grant (SG) and the secondary stream data rate (see [2], [3]).  

In dual-stream MIMO operations the UE transmits two E-DPDCHs on separate MIMO streams.  It was agreed that the two E-DPDCHs would be transmitted with the same amount of power, the remaining aspects to control are the date rate of each of the E-DPDCHs and the total power for the E-DPDCH (which is to be divided between the two streams).
A general principle required for compatibility with legacy operations is that boththe serving and non-serving NodeBs have the ability to control the UE transmit power.
Proposal 1: 
The serving and non-serving NodeBs control the UE transmit power.
2.1 Interpretation of serving grant

In single stream E-DCH, the UE E-DPDCH power is controlled via the serving grant (SG).  The purpose of the SG is to allow the NodeBs to dynamically control the noise rise and the resource allocation.  In the context of dual-stream MIMO operations, and as discussed in previous contributions, the SG may be interpreted in different ways:
· SG interpreted as the aggregate E-DPDCH/S-E-DPDCH power (total UE E-DPDCH power) [2];

· SG interpreted as the primary stream E-DPDCH power [3].

SG interpreted as aggregated E-DPDCH/S-E-DPCCH power

In [3] it is observed that if the SG relates to the total aggregated E-DCH (across both streams) then for the same value of SG the NodeB may receive much different power, due to the difference between the primary and secondary stream propagation conditions.  We observe that the same situation arises in single-stream UL CLTD operations.  In UL CLTD operations, the serving NodeB typically chooses the pre-coding weights based on the optimization of the received primary stream SNR.  Together with ILPC, the received power or SNR for the primary stream at the serving NodeB would be relatively constant.  However, for the non-serving NodeBs, significant changes in received power may be experienced due to changes in pre-coding weights, and that even with a constant SG. Thus for non-serving NodeBs, the same value of SG may not be indicative of the total received power due to beamforming, even in single-stream operations.  

SG interpreted as grant for primary stream only

On the other hand if the SG relates to the primary stream E-DPDCH only, then for the same SG the same amount of power can be expected on the primary stream; however when a secondary stream is present, the total received power is as unpredictable (with respect to the set SG) as the case where the SG relates to the total aggregated E-DCH.  
Discussion

Thus for both interpretations, the NodeB has to properly account for this difference or stream imbalance when allocating noise rise and resources.  We further observe that the total amount of power received also depends on the number of streams (single-stream vs dual-stream) or the transmission rank and the channel gain difference between the two streams.  Thus provided the serving NodeB has tight control of the rank and has a good estimate of the channel gain difference between the two streams, then the serving NodeB can have full control of its noise rise regardless of how the SG is interpreted.  However when the serving grnat is interpreted as a grant for the primary stream only, we note that the UE total interference control relies not only on the serving grant but also on the UE transmission rank.  This is somewhat undesirable as the existing mechanisms for noise-rise control only rely on a single parameter (the serving grant).
Further, from the non-serving cell or NodeB point-of-view the total UE interference needs to be controlled.  Since pre-coding is directed towards the serving cell, there is no correlation between the chosen pre-coding weight and the received power at the non-serving cell.  Thus for the non-serving cell, what matters in terms of noise rise control is the total received power.  Further, for non-serving NodeBs, the rank and the channel gain difference between the two streams may not be known or controllable.  
Thus from this discussion, it seems to be more appropriate to interpret the SG as the aggregated UE E-DPDCH and S-E-DPDCH power as suggested in [2]:
Proposal 2: 
The UE serving grant provides the aggregate E-DPDCH and S-E-DPDCH power limit.
2.2 Secondary stream control
For E-DCH, the relation between the number of bits and the transmit power is essential to the E-TFC selection/E-TFC restriction functions.  It is thus essential that this relation is established for the secondary stream as well.  At the last RAN1 meeting in Dresden, it was agreed that the secondary E-DPDCH (S-E-DPDCH) would be transmitted at the same power as the E-DPDCH.  For dual-stream operations, the power of secondary stream is linked to the power of the primary stream.  Thus the only remaining variable is the number of bits on the secondary stream, which must be adapted to the secondary stream radio conditions.  
As proposed in other contributions and during the SI phase, an offset parameter indicating the difference between the two streams post-received SNR ((SNR) can be signaled by the NodeB to control the secondary stream.  In practice this offset can then be applied as a penalty in the power interpolation/extrapolation formulas to determine the required power for each TBS for the secondary stream.  This approach would establish the necessary power-TBS relationship required for the secondary stream.  This approach is very similar to how the HARQ offset is used today ((HARQ) in the specifications, as it can be observed via the modified extrapolation and interpolation formulas shown below:
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(2) 
The same offset can also be used to calculate the number of bits is supported on the secondary stream given the pre-determined transmit power.  In that case the following equation may be used (extended from the 25.321 specifications) for the extrapolation and interpolation, respectively:
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Thus as it can be seen, the proposed approach lends itself quite naturally to the E-DCH.  We also note that as an equivalent alternative the Serving Grant could also be scaled to account for the difference in SNR; however since the Serving Grant scope is limited to the MAC specifications, this approach would be challenging to incorporate in the 25.133 specifications (if needed), where E-TFC restriction part is specified.  We therefore propose the following:
Proposal 3: 
The NodeB controls the secondary stream via a power offset parameter that the UE applies to the power extrapolation or interpolation formula in determining the number of bits supported on the secondary stream.

The requirements on the rate and quantization of the (SNR parameter may be obtained from simulations.  At the high level, it would be reasonable to assume that this parameter would not vary faster than the channel and thus it could in be signaled via an E-AGCH-like channel.

2.3 Rank control

Another aspect that needs to be discussed is how the UE transmission rank is controlled.  Since the serving NodeB has knowledge of the channel conditions, it would be natural for the serving NodeB to control the UE transmission rank.  In practice, the channel conditions and NodeB receiver dictate the UE transmission rank; since the channel varies dynamically, the NodeB should also be able to control the rank dynamically.

The UE should also have some control over its transmission rank; more specifically, the UE should be allowed to transmit with rank-1 even when it is allowed to transmit with rank-2.  This is justified by the fact that current UE buffer and headroom information may not be available at the NodeB.  There are several additional factors which support the UE choosing the tranismission rank: the delay between SI transmissions, the long averaging time of the UPH (100 ms), and the fact that the UE may also have high priority control data to transmit which may not require rank-2 transmission.  
Thus the basic requirements for rank control could consist of the following:

1. The NodeB should have the capability of dynamically configuring the UE maximum transmission rank;

2. The UE should be allowed to transmit with rank-1 even when its maximum transmit rank is rank-2 depending of the nature of the UE transmission and E-TFC seclection..
We thus make the following proposals:

Proposal 4:
Introduce NodeB capability to dynamically control the maximum UE transmission rank.
Proposal 5:
The UE is allowed to transmit with rank-1 when its maximum transmit rank is rank-2.

The requirements on the update rate for the rank control and the reliability may be obtained from simulations.  Again we note that the rank may not need to change more rapidly than the channel.  The rank could also be controlled directly from secondary stream (SNR offset (e.g. as transmitted on a E-AGCH) for example by reserving a special “INACTIVE” value.  

2.4 High-level E-TFC selection procedure
At a high-level, the purpose of the E-TFC selection procedure function is to determine the transport block size to transmit in the upcoming TTI, based on the UE power headroom (via E-TFC restriction), serving grant, and buffer.  The E-TFC selection also determines the order in which the data is obtained from the buffer based on the logical channel priority and the multiplexing rules.

For dual-stream operations, the E-TFC selection procedure has the additional task of handling the secondary stream.  To this end, the following decisions need to be taken by the E-TFC selection procedure:

· Determine whether or not to transmit with rank-2 based on configured maximum rank, power headroom, serving grant and buffer;

· Determine how many bits to transmit on the secondary stream based on the signaled offset and primary stream power for example by applying the signaled (SNR offset as in equations (3) or (4).

These two decisions points should not be too difficult to incorporate in the existing procedure.  To further simplify, the existing flow prioritization rules should be re-used.
3 Conclusion

In this contribution, we discussed the secondary stream control and proposed the following:
Proposal 1: 
The serving and non-serving NodeBs control the UE transmit power.
Proposal 2: 
The UE serving grant provides the aggregate E-DPDCH and S-E-DPDCH power limit.

Proposal 3: 
The NodeB controls the secondary stream via a power offset parameter that the UE applies to the power extrapolation or interpolation formula in determining the number of bits supported on the secondary stream.

Proposal 4:
Introduce NodeB capability to dynamically control the maximum UE transmission rank.
Proposal 5:
The UE is allowed to transmit with rank-1 when its maximum transmit rank is rank-2.
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