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1 Introduction

At the last RAN1 meeting in Jeju, a number of agreements related to the operations of UL MIMO in HSUPA were made.  In particular, it was agreed that the serving grant (SG) would be interpreted the same as UL CLTD operations during rank-1 transmission.  It was left for FFS how to interpret the SG for rank-2 transmission (see [1]). 
SG interpretation

· Agreement: With rank1 SG is interpreted as in SIMO/CL-BFTD

· FFS: With rank2 SG for the primary stream is interpreted as in rank1 or if SG is reduced by 3 dB.

It was further agreed that E-TFC selection would be executed in the same ways as SIMO or UL CLTD with rank-1 and a few FFS remains for the rank-2 case.  Of interest to this contribution, it is left FFS how to interpret and signal the secondary stream effective grant:
E-TFC selection

Agreement:
· Rank1, as in SIMO/CL-BFTD

· Rank2

· E-TFC selection for the primary stream operates as with rank 1

· FFS: if an offset to E-DPDCH gain factors is applied to stream 1 E-TFC selection to compensate for inter-stream interference. The actual transmitted power on stream 1 is not affected

· The compensation could be achieved with a single offset, or a rank dependent set of reference E-TFCs used for Bed calculation

· Secondary stream calculated as primary stream E-TFC

· FFS: if the maximum allowed effective grant used by the E-TFC selection algorithm for the secondary stream is signalled relative to the primary stream SG, or as an absolute value relative to DPCCH.

In this contribution we address the interpretation of the serving grant and secondary stream E-TFC selection control.
2 Discussion
In R6 E-DCH operations, the UE E-DPDCH maximum power is controlled by the NodeBs in the E-DCH active set via the serving grant mechanism.  This maximum power controls the E-DCH data rate.  For MIMO operations, due to the nature of the secondary stream, a second parameter to control the secondary stream is needed.  How to interpret and use these parameters are currently being discussed in RAN1.

2.1 Serving grant interpretation 
As discussed in the previous RAN1 meeting (see [2]-[5]), the serving grant may be interpreted in one of two ways for rank-2 transmissions:
Option 1: SG for rank-2 is interpreted as aggregated grant across both streams
In this option, the SG represents the total E-DCH interference the UE is allowed to emit.  When the UE transmits with rank-2, it needs to decrease the SG by half for each stream in E-TFC selection (at least for the primary stream to determine the E-DPDCH transmit power); when the UE transmits with rank-1 the serving grant interpretation is the same as in UL CLTD.  
One of the SG roles in HSUPA is to control the UE’s contribution to the RoT at the NodeB.  With this option, the role of the SG is maintained: when the UE transitions between rank-1 and rank-2 transmissions the total power transmitted by the UE is consistently limited by the UE SG.  This option further has the desirable feature of decoupling the SG from the UE transmission rank.  

To implement this option, the E-AGCH table needs an extra 3 entries (assuming the conventional 1dB per entry); to avoid a re-design of the E-AGCH these 3 entries can be appended to the table while 3 entries in the bottom can be removed.  This approach was already taken in R7 when 16QAM uplink was introduced.  This is further justified for UL MIMO operations as it is unlikely that a NodeB would need to use all lower entries in the table.

Option 2: SG for rank-2 is interpreted as primary stream grant

In this option, the UE uses the SG as a limit for primary stream E-DPDCH/DPCCH ratio and as a result for rank-2 transmission the total E-DCH power is doubled.  As in the case of Option 1, this should not be an issue as the NodeB scheduler can account for this MIMO UE in its noise rise budget.
We note as in [2] that to maintain same level of interference when changing the UE maximum rank, the NodeB needs to re-issue a new grant with the rank-control.

We further make the following observations:

· Both options are feasible from a specifications/implementation standpoint;
· Due to the random nature of the secondary stream propagation characteristics, both options lead to some uncertainty in the noise rise;
· The serving grant is used to control UE transmission power and hence its generated interference levels; the SG is independent of the channel conditions:

· In contrast to the downlink, on the uplink the NodeB scheduler allocates the uplink resources (serving grant) independently of the channel; the allocation is based on loading and headroom;
· The UE may autonomously switch between rank-1 and rank-2 transmission depending on its buffer and headroom; 
Based on these observations, we conclude that it is preferable that the UE total E-DCH power and interference is controlled by a single parameter regardless of the transmission rank.  We therefore propose the following:
Proposal 1: 
For rank-2 transmission, the SG is interpreted as the total E-DCH transmitted power across both streams.

2.2 E-TFC Selection and secondary stream rate control
At a high-level, E-TFC selection for rank-1 operations limits the UE TBS based on power or grant, whichever allows for the smaller TBS.  From 25.321 Section 11.8.1.4 we note that the number of bits that the UE can carry with its Serving_Grant is determined from the E-DPDCH power extrapolation/interpolation as follows:
…

If E-DPDCH power extrapolation formula is configured:
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This maximum number of bits shall be lower than 
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Else if E-DPDCH power interpolation formula is configured:
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…

The purpose of the E-TFC selection for the secondary stream in rank-2 transmission is to determine the transport block size and fill it with data from the buffer.  It would be desirable that a similar procedure to that used for rank-1 transmission is used for determining the TBS for the secondary stream.  We note the following differences for the secondary stream regarding the grant in the E-TFC selection procedure:
· For rank-2 transmission, the S-E-DPDCH power is equal to the E-DPDCH power; thus when executing E-TFC selection for the secondary stream in a rank-2 transmission, it can be assumed that the UE knows the S-E-DPDCH transmit power.   
· Because of a multitude of factors including buffer and multiplexing list restrictions, the resulting primary stream E-DPDCH power from E-TFC selection may be smaller than that allowed by the UE serving grant alone.  
Thus the secondary stream TBS depends on:

a) The gain factor resulting from the TBS selected for the primary stream;
b) The secondary stream channel quality signaled by the NodeB (e.g. secondary stream offset parameter).

The purpose of this secondary stream offset parameter is to account for the difference in SINR (or post-equalizer SINR) between the power-controlled primary stream and the secondary stream (see e.g. [4], [5]).  This SINR difference between the secondary stream post-eq S-E-DPDCH SINR and primary stream post-eq E-DPDCH SINR is determined by the NodeB in an implementation-specific way, possibly taking into account ISI.
Thus to determine the secondary stream TBS, we propose to re-use the formulation in TS25.321 above to account for the fact that the secondary stream power is limited by the E-DPDCH and to account for the additional SINR penalty ((SINR) incurred on the secondary stream.  This can be done using the extrapolation and interpolation formulas by replacing the Serving_Grant variable by the effective grant for the secondary stream, Effective_SG2, which in view of the above discussion would be defined as follows:
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(1)

where (SINR is signaled by the NodeB.
Using this effective grant, the TBS for the secondary stream can be calculated by using the modified formulas in TS25.321 for the extrapolation and interpolation formulas, respectively, as follows:
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In summary, the effective grant for the secondary stream cannot be derived directly from the UE serving grant.  Indeed, the S-E-DPDCH power depends on the E-DPDCH gain factor, which does not only depends on the UE serving grant but also on the headroom, buffer, multiplexing list, etc.  An effective serving grant may be used by the UE for determining the secondary stream TBS; this effective grant depends on the E-DPDCH power and also on a secondary stream SINR offset parameter signaled by the NodeB.  Based on this observation, we propose the following:
Proposal 2: 
The secondary stream maximum TBS is determined by the primary stream E-DPDCH power and a secondary stream SINR offset.
We note that proposed formulation for the Effective_SG2 requires that the SINR offset is signaled by the network (the primary stream E-DPDCH power is calculated during E-TFC selection on a TTI-by-TTI basis).  Since the serving NodeB controls the pre-coding and the UE rank, we further propose the following:
Proposal 3:
The secondary stream SINR offset is signaled by the serving NodeB.
As a final note, we observe that because of its dependence on the primary stream E-DPDCH, it would be un-natural to signal the effective grant directly by expressing it relative to the UE serving grant or relative to the DPCCH power.
3 Conclusion

In this contribution we addressed the interpretation of the serving grant and the control of the secondary stream via the E-TFC selection mechanism.  We propose the following:
Proposal 1: 
For rank-2 transmission, the SG is interpreted as the total E-DCH transmitted power across both streams.

Proposal 2: 
The secondary stream maximum TBS is determined by the primary stream E-DPDCH power and a secondary stream SINR offset.

Proposal 3:
The secondary stream SINR offset is signaled by the serving NodeB.
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