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1. Introduction
At RAN#54 meeting the work item of UL MIMO with 64QAM was approved [1]. At RAN1#68 meeting, several agreements were achieved the SG interpretation, E-TFC selection, and rank management for rank1 transmission. However, SG interpretation for rank2 transmission, E-TFC selection for the secondary stream in rank2 transmission, as well as operation on the E-TFC selection for rank 2 hasn’t been decided yet. 
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.

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.

Rank management:

Agreement:
· The Node B signals the UE with a maximum rank
· The UE is able to autonomously fall back from rank2 to rank1 if it does not have sufficient data or power headroom to transmit
Operation when the E-TFC selection for rank 2 is transmit power limited rather than grant limited:

Working assumption:

· As long as the E-TFC selection does not fall back to rank 1, the equal power of E-DPDCHs and S-E-DPDCHs is maintained

· The point in which the UE would fall back to rank 1 is FFS
This contribution will present the SG interpretation for rank2 transmission, E-TFC selection for the secondary stream in rank2 transmission, and fallback scheme in case of UE power limited. 
2. Discussion
Based on the agreed architecture, two independent transport blocks are transmitted on two orthogonal pre-coding vectors in rank2 transmission. In rank1 transmission, the structure is the same as CLTD, only E-DPDCH is sent on the primary pre-coding vector. Rank adaptation is adopted to keep the maximal throughput. 
In legacy scheduling the UE maximal scheduling grant (SG) is calculated based on the estimated DPCCH SIR and UE acquired load. The SG is calculated in the form of ratio of total power on the traffic channel and the pilot channel. The SG is carried on E-AGCH and signalled from Node B to UE, or its related grant ‘up’ or ‘down’ to the former scheduling period on the same HARQ process is carried on E-RGCH and also signalled from Node B to UE.  
2.1 E-TFC Selection
In legacy E-TFC selection, UE will determine the gain factor 
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 defined in [2] and the corresponding TBS using E-DPDCH extrapolation or imploration equation of which total power don’t exceed the SG if it is not power or buffer limited. 
When MIMO is introduced, it is reasonable that the legacy scheduling and E-TFC selection is reused.
2.1.1  E-TFC Selection for primary stream
In case of rank1 transmission, the SG determination is almost done in the same way as for SIMO except for the power of S-DPCCH that should be taken into account when calculating the load of the control channels. Besides, the legacy E-TFC selection procedure is reused. 
For rank2 transmission, since E-DPDCH and S-E-DPDCH are sent with equal transmit power all the time, so only E-DPDCH power is needed to calculate the SG. Node B needs to calculate the T/P of the primary E-DPDCH taking into account the power of all physical channels. For example, if only E-DPDCH/S-E-DPDCH, E-DPCCH/S-E-DPCCH, and DPCCH/S-DPCCH for primary and secondary stream are sent, and the power for the primary and secondary pilot is the same, T/P satisfying the following equation is calculated. 
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In above equation, 
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is the noise rise target, 
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is the chip-level SNR for primary or secondary DPCCH. 
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stands for the SG that the UE can obtain. According to 
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 the UE selects the TB size and E-TFC for the primary stream transmission.
It is noteworthy that E-TFC selection should take the inter-stream interference into account, and this will be taken into account in the E-TFC selection for the secondary stream.
Proposal 1: Using legacy E-TFC selection for primary stream E-TFC selection.
2.1.2  E-TFC Selection for secondary stream
In order to keep the BLER of the secondary stream at a certain level, a CQI-like table which contains the mappings between TBS and signal-to-noise ratio (SNR) is used.
The TBS for the secondary stream should be decided by both the transmit power and channel quality. Two methods mentioned in [2] are used for the secondary TBS determination. The first method is an explicit method in which a post-equalization TBS~SINR mapping table is used. This method has some disadvantages such as hard fallback if UE is power or buffer limited, more signalling bits for a TBS determination. In addition, the secondary stream follows a different principle from the primary stream for the E-TFC selection.
The second method considers that the E-TFC selection for the secondary stream is done using an offset that takes into account the inter-stream interference. The powers of S-E-DPDCH and E-DPDCH are the same, but the TB sizes of the primary and secondary streams should not be the same because they undergo different channels. The power for secondary data stream used for determining the secondary stream, is calculated by scaling the power of the primary data stream as in the following equation:
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where SR is the post-equalizer SINR. The resulting power of the secondary stream is then used by the E-TFC selection procedure. The E-TFC selection is the same as for the primary stream and legacy cases, and uses the same TBS tables. .
Proposal 2: Adopting SR as the method for secondary E-TFC selection.
2.1.3  E-TFC restriction in case of rank fallback
Node B determines the rank according to the maximal grant that UE can obtain. However, when power limited or buffer limited UE can fall back from 2 to 1 automatically if rank1 has better throughput than rank2. In this situation, UE should fallback to rank1 transmission using rank1 grant calculated by the UE since rank2 grant was received from Node B. 
Using the second method for secondary TBS determination, UE can readily calculate rank1 grant through rank2 grant and SR in case of rank fallback. Assuming only E-DPDCH/S-E-DPDCH, E-DPCCH/S-E-DPCCH, and DPCCH/S-DPCCH are sent, E-DPDCH, E-DPCCH, S-E-DPCCH and DPCCH are sent using the primary precoding vector, and S-E-DPDCH, and S-DPCCH are sent using the secondary precoding vector. In case of fallback, the rank1 grant can be calculated through the following equation.
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The expression on the left side of the inequality represents the total received power for rank-1 transmission, and the one on the right is the total received power for rank 2 transmission. 
[image: image9.wmf]gle

DPCCH

DPDCH

E

P

P

sin

)

(

-

 is the rank-1 SG, and 
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 is the rank-2 SG.
Using this equation, the rank-1 transmission in case of fallback will not only exceed the UE permitted load, but also exploit the load from the largest extent. 
In addition, it is obvious that using SR method for secondary TBS determination makes it convenient and accurate that UE calculates rank1 grant in case of fallback.
2.2 Grant signalling 
As described above, for rank2 transmission, since E-DPDCH and S-E-DPDCH are sent with equal transmit power,  Node B needs to calculate only the primary E-DPDCH grant. This value can then be scaled appropriately at the UE. 

Another advantage of signalling the primary SG is that the legacy E-AGCH table can be reused without new design because the T/P is lower than that of the SIMO under the same noise rise target (
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).  Even though higher noise rise targets are introduced, the T/P can be totally covered.
A common T/P of both E-DPDCH and S-E-DPDCH was also considered in [4]. UE will reduce the common T/P by 3dB as the primary SG, and this is equivalent with primary SG method. However, this total T/P scheme makes it possible that the T/P exceeds the power range considered in the legacy design, consequently a new table design is needed. Moreover, since there exists a difference between primary and secondary streams, the resulting common T/P does not represent the exact load that primary and secondary E-DPDCH can support.
Proposal 3: Only one SG based on the primary stream is signalled.
The grant should be signalled with the same period as rank indication, since the grant should be consistent with rank. If Node B indicates rank1 it would signal rank1 grant correspondingly, likewise if Node B indicates rank2 it would signal the primary grant in rank2. If the rank and SR vary frequently, the grant signalling would be a large overhead for the downlink signalling.
An optional method to reduce the signalling overhead is to extend the grant update period, and during such period if the rank changes, the UE can automatically calculate the required grant corresponding to the current rank. Specifically,  when UE gets a grant which is updated by Node B UE will maintain a self-variable SGlocal as follows:
· If rank = 1, SGlocal = SGrank1;
· If rank = 2, SGlocal = SGrank2*(1+SR);
Between two consecutive SG signals, if the rank changes, the UE can calculate the corresponding grant based on the following equations:
· If UE obtains rank2 indicator but does not obtain the corresponding rank2 grant, then UE calculates the rank2 grant as follows:
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· If UE obtains rank1 indicator but does not obtain the corresponding rank1 grant, then UE calculates the rank1 grant as follows:
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The benefit of this method is that the RoT can be kept relatively stable. Since SGlocal is derived from the target RoT, these conversions of grants can avoid large fluctuations of the RoT. 
Proposal 4: Introducing UE based calculation mechanism to determine a new grant associated with a rank change in case no new grant was signalled. 
3. Conclusion
In this contribution, we describe the E-TFC selection method for the primary and secondary streams. The questions mentioned in Sec.1 Introduction regarding the procedure for SG and E-TFC selection for the primary and secondary streams are addressed.. 
Proposal 1: Using legacy E-TFC selection for primary stream E-TFC selection.
Proposal 2: Adopting SR as the method for secondary E-TFC selection.
Proposal 3: Only one SG based on primary stream is signalled.
Proposal 4: Introducing UE based calculation mechanism to determine a new grant associated with a rank change in case no new grant was signalled.
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