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1 Introduction

At the RAN plenary #54 in December 2011, a WI on UL MIMO + 64QAM operations was approved (see [1]).  Since then, RAN1 has been specifying the feature, making a large number of agreements.  In this contribution, we discuss the impacts of UL MIMO on the E-TFC selection procedure from a RAN2 perspective.  We first describe the relevant RAN1 agreements and requirements (see LS in [2]) and then provide our view on how these requirements can be implemented in the specifications.

2 Discussion
In UL MIMO operations, two transport blocks may be generated for transmission in a single TTI and on the same uplink frequency.  The UE E-TFC selection mechanism must be adapted to support this new case.  We first provide an overview of UL MIMO operations concepts and requirements as currently agreed in RAN1 in Section 2.1.  We further describe our views on how these requirements could be implemented in the RAN2 specifications in Section 2.2.
2.1 Overview of UL MIMO concepts and RAN1 agreements

In UL MIMO operations, the UE transmits up to 2 E-DCH transport blocks simultaneously, one per stream.   The UE transmits one E-DPDCH on the primary stream and a secondary E-DPDCH (S-E-DPDCH) on the secondary stream.  The power of the S-E-DPDCH is the same as the E-DPDCH, and dual-stream transmission can only occur with 2SF2+2SF4 transport format.
The NodeB signals a maximum rank to use (e.g. rank-1 or rank-2) and the UE is allowed to fallback to rank-1 under power-limited, grant-limited or buffer-limited situations (see below for details).  The rank-1 mode of UL MIMO consists of the same mode of operations as UL CLTD also specified during Release 11.  Note that RAN1 is also considering the possibility of imposing a minimum TBS on the secondary stream for dual-stream transmission.
In UL MIMO operations, the NodeB controls the UE pre-coding weights the same way as in UL CLTD operations.  Further, a single power-control loop is used on the DPCCH, which also serve as a reference power for transmission of the signals on the secondary stream.  Since the secondary stream is not power-controled independently, the S-E-DPDCH is typically received at the NodeB with a lower quality than the E-DPDCH.  The NodeB measures this quality difference and signals an offset to the UE so that this quality difference is accounted for during the E-TFC selection procedure for the secondary stream.  In addition, the UE further applies a configurable scaling factor to the reference E-TFCIs power offsets to account for potential inter-stream interference during rank-2 transmission.

2.2 E-TFC Selection for UL MIMO

In performing E-TFC Selection for UL MIMO, the UE must consider the following:

· Power headroom;

· Serving Grant;

· Maximum rank;

· Buffer.

E-TFC selection is carried out whenever a new TB is requested from the HARQ entities.  In general, the following requirements must be met for UL MIMO E-TFC selection:

· the primary stream must not exceed the Serving Grant and non-scheduled grant and available power;

· the same power is applied to the secondary stream S-E-DPDCH;

· the UE total power headroom must not be exceeded;

· dual stream is only permitted for the primary stream transport format 2SF2+2SF4;

· dual stream is only permitted when the secondary stream transport format is 2SF2+2SF4.

In the context of UL MIMO, for each TTI the following cases need to be considered and specified:

1. Two new transmissions in the upcoming TTI;

2. Primary stream is retransmitting;

3. Secondary stream is retransmitting;

4. Both stream are retransmitting.

RAN1 has discussed the high-level details of how the E-TFC selection procedure for UL MIMO for these cases and has agreed to most cases (see LS in [cite LS]).
In the following, we provide some details of how the E-TFC selection mechanism could be implemented in the specifications to satisfy RAN1 requirements.

2.2.1 Case 1: two new transmissions
In the case where there are no retransmission on any stream, the UE may transmit up to 2 TB if the NodeB has activated rank-2 transmission.  
We see two families of approaches for determining the TBS on each stream: 
· Sequential approach : the UE determines the TBS of the primary stream first based on the legacy E-TFC selection algorithm where the Serving Grant, non-scheduled grant and available power on the primary stream assuming dual stream transmission takes place.   Once the E-TFCI is determined, the UE then determines the corresponding E-TFCI in the secondary stream based on the parameters of the primary stream (e.g. power).   

· Parallel approach: the UE determines the TBS of each stream independently.  The UE would perform E-TFCI on the primary stream based on the serving grant and available power for the primary stream and for the secondary stream based on the a virtual serving grant (e.g. serving grant – signaled power offset) and available power for the secondary stream.  
Both approaches are feasible from a specification standpoint.  However, we note that the parallel approach may not be optimal in cases where the primary stream does not maximize its serving grant or headroom due to e.g. multiplexing list restrictions or other buffer-related limitations.  In such cases, the UE may end-up choosing a TBS for the secondary stream that requires more transmit power than what the primary stream requires.  Equalizing the power would require unnecessary power scaling on the second stream.  The sequential approach does not suffer from this limitation and the UE would always ensure that the E-TFCI on the secondary stream is chosen such that the power on each stream is equalized.  This is due to the fact that the UE would determine the E-TFCI of the secondary stream according to the parameters of the primary stream.  

Proposal 1: Adopt a sequential E-TFCI selection approach between primary and secondary stream. 

If the sequential approach is adopted in RAN2 the following impacts to specifications are foreseen for primary stream and secondary stream E-TFC selection.

2.2.1.1 Primary stream:

When a rank-2 transmission is signaled by the Node B, the primary stream E-TFC selection performs E-TFC selection assuming it will transmit in two streams.  As in legacy R6 E-TFC selection mechanism, in the UL MIMO E-TFC selection procedure the UE executes E-TFC restriction to determine the set of supported E-TFCs for the primary stream (from which it determines Maximum Supported Payload) for each MAC-d flow configured based on the HARQ offset.  Note that in the sequential approach, the UE only need the set of supported E-TFCs for the primary stream.  We also note that for rank-2 transmission, the UE requires twice the E-DPDCH power and thus the NRPM calculation in [4] must also account for this.    
Proposal 2: UE determines set of supported E-TFCI on the primary stream assuming rank-2 transmissions and accounting for the fact that twice the E-DPDCH power is required in the NRPM calculations
In addition to determining the set of supported E-TFCIs on the primary stream the UE also determines the maximum granted payload on the primary stream according to the serving grant via the E-DPDCH extrapolation or interpolation formula using the existing mechanism.   

Proposal 3:  The UE determines the maximum number of bits allowed to be transmitted in the primary stream using the existing extrapolation or intrapolation formula

Before carrying out E-TFC selection and filling up the transport block the UE should ensure that dual stream transmission is allowed based on the supported E-TFCIs and the maximum number of bits according to the serving.    If the maximum supported E-TFCI and the maximum number of bits according to the serving grant are sufficiently large to support rank-2 transmission (i.e. it has at least transport format 2SF2+2SF4 or if it is above a minimum configurable TBS [TBD in RAN1]) then the UE can carry on E-TFC selection and determine the final primary stream E-TFCI.  Otherwise the UE should fallback and perform single stream E-TFC selection

Proposal4:   The UE should carry on and determine the final primary stream E-TFCI if the maximum supported E-TFCI and serving grant are sufficiently large to support rank-2 transmission otherwise single stream E-TFC selection should be performed
If the conditions above are met, using the legacy  rules, based on the set of supported E-TFCIs, maximum number of bits allowed from the serving grant, allowed non-scheduled grant, and multiplexing restrictions, the UE determines and fills up the primary stream E-TFC.  

Before performing E-TFC selection on the secondary stream the UE should determine if the resulting primary stream TB is sufficiently large to support rank-2 transmission (i.e. it has at least transport format 2SF2+2SF4 or if it is above a minimum configurable TBS [TBD in RAN1]).  If the resulting E-TFCI meets the criteria the UE may perform E-TFC selection on the secondary stream.   

Proposal 5: E-TFC selection on the secondary stream should be performed if the selected E-TFCI on the primary stream meets the rank-2  requirement (i.e. it has at least transport format 2SF2 + 2SF4).
2.2.1.2 Secondary stream:

If the UE has determined that according to the primary stream E-TFCI it can support rank-2 then the UE may proceed with E-TFC selection in the secondary stream.  

As the data availability from different MAC-d flow has changed the UE should determine the highest priority MAC-d flow, the multiplexing list and HARQ profile to use according to this highest priority MAC-d flow. 

The UE calculates the power required to transmit the selected E-TFCI on the primary stream (E-DPDCH power) according to the legacy formula in [5].  Since E-TFC selection on the primary stream has accounted for the serving grant and the available rank-2 power headroom, the only requirement we have to consider  is the fact that the secondary stream E-DPDCH power should be the same as the power of the primary stream E-DPDCH.  The power of the S-E-DPDCH should be set to the power of the E-DPDCH.  Once this restriction is applied on the secondary stream, the UE only has to determine the equivalent maximum allowed number of bits that can be transmitted on the secondary stream.  This is carried out using the selected S-E-DPDCH power using the extrapolation or interpolation formula along with the secondary stream offset signaled from the Node B.   
More specifically, this can be achieved by replacing the Serving_Grant variable in the existing interpolation and extrapolation formulas by a new power offset calculated from the resulting primary stream power and the secondary stream offset (labeled here as 
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).   For convenience of presentation we define this new power offset as the virtual secondary stream serving grant (Virtual_SS_SG); Virtual_SS_SG can be defined as:
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where the numerator corresponds to the primary stream power ratio (w.r.t. the DPCCH) and the denominator corresponds to the penalty due to the secondary stream offset signaled by the NodeB.  Then the number of bits on the secondary stream may be calculated in the extrapolation formulas for example as follows:
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and as follows for the interpolation formula:
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Proposal 6: The UE determines the maximum number of bits allowed to be transmitted on the secondary stram using the intrapolation or extrapolation formula based on the power used for the primary stream and the signaled secondary stream power offset.  

The results of equation (2) or (3) provide the UE with the maximum number of bits that can be transmitted by the UE according to available power and the maximum number of scheduled data that can be transmitted according to the serving grant.  Therefore, the maximum supported E-TFCI and maximum number of scheduled bits should be set to this calculated value.  
Using these two values, then the UE can fill the secondary stream TB by executing the existing E-TFC selection procedure.  The UE should again verify that the secondary stream TBS is sufficiently large and allows rank-2 transmission.   If the selected E-TFCI on the secondary stream meets the rank-2 requirements the UE can proceed with dual stream procedure.
Proposal 7: The UE perform dual stream transmission using the selected E-TFCIs if the secondary stream selected E-TFCI meets the rank-2 requirements.
2.2.1.3 Rank-1 fallback

In the case where the primary stream transmission parameter (TF or TBS) or secondary stream transmission parameter does not allow rank-2 transmission, the UE falls back to rank-1 transmission.  In terms of the E-TFC selection, we see two approaches for the UE to carry out the fallback.

1. Use the legacy (rank-1) E-TFC selection procedure:

The UE stops the rank-2 E-TFC selection procedure and restart “from scratch” with the legacy E-TFC selection procedure.  This approach is motivated by the fact that the UE transmission parameters are different for rank-1 and rank-2.  Indeed, a special power offset may be configured for rank-2 transmission which typically results in a smaller number of bits for the same transmit power.  Additionally, the supported set of E-TFCI may change for rank-1 transmission as the available power in the UE will be fully used for one stream rather than split across the two streams.  
2. Continue with the selected primary stream TBS:
This approach applies to the case where the UE secondary stream does not satisfy the rank-2 transmission parameter requirements and the UE has already selected an E-TFC for the primary stream.  In this approach, the UE uses the selected primary stream E-TFC for rank-1 transmission, even if it was selected under rank-2 transmission assumption.  The motivation for this approach is mainly to save UE computations and is justified by the fact that the rank-2 parameters would in practice be more conservative than the rank-1 transmission parameters.
Again, both approaches are feasible from a specification perspective, however, the first approach seems to be more optimal and allow the UE to take full advantage of the available power and grant.  
Proposal 8: The UE executes the legacy rank-1 E-TFC selection procedure when the rank-2 procedure does not lead to allowable rank-2 transmission parameters.
2.2.2 Case 2: Primary stream is retransmitting

In the case where the primary stream is retransmitting, the UE has the opportunity to create a new TB for the secondary stream.  RAN1 has agreed to the conditions under which a UE should create a new TB for the secondary stream:
· NodeB preferred rank is rank-2;
· UE has sufficient power headroom to transmit rank-2;
· UE has data to transmit in its buffer;

· The resulting TF for the secondary TB is at least 2SF2 + 2SF4 (or TBS is above a configured threshold – TBD in RAN1);

If any one of these conditions is not met, the UE only retransmits the primary stream and does not create a new TB for the secondary stream.
We note that RAN1 has not discussed the case where the serving grant decreases between the orginal transmission and the retransmission.  The UE may be in the situation where the serving grant has decreased quite significantly and does not allow for rank-2 transmission with the current retransmitting primary stream TB.  In such case, our view is that the UE should obey the serving grant and thus transmit with rank-1.

Proposal 9: When retransmitting the primary stream, if the serving grant does not allow rank-2 transmission the UE does not request a TB for the secondary and transmits with rank-1.

2.2.2.1 Secondary stream E-TFC selection procedure

The following steps for the secondary stream E-TFC selection in this case should be executed:

E-TFC Restriction

In this scenario the UE already has a primary stream E-TFCI selected that is retransmitting and the E-TFCI is known.  To determine if it has sufficient headroom to transmit with rank-2, the UE has to verify whether or not this E-TFCI is supported for rank-2 transmission following the rank-2 NRPM rules as described above.  If it is not supported, the UE should retransmit the first stream and not generate a new transmission for the secondary stream.
SG restriction

As discussed above, the serving grant may be too low to allow for a rank-2 transmission.  The UE verifies that the current serving grant is equal to or larger than the actual primary stream transmission power, more specifically if
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then the UE can be allowed rank-2 transmission according to the SG.  Otherwise the UE does not generate a TB for the secondary stream and retransmits with rank-1.

E-TFC Selection

In case the UE is allowed to generate a secondary stream TB (according to headroom and grant), the same procedure as outline for Case 1 above in Section 2.2.1.2 can be used here for the secondary stream.  Note that the UE should use the latest value of the secondary stream power offset (SSO and not the value used for the original transmission.  The UE should also verify that the secondary stream TBS is sufficiently large and allows rank-2 transmission (it meets the TF requirement of 2SF2+2SF4 or min TB -- TBD in RAN1).

Proposal 10: When the primary stream is retransmitting, the UE transmits with rank-2 if it has sufficient headroom, if the serving grant allows it, and if the secondary stream min TF or min TBS criteria is met.  
Proposal 11: E-TFC selection for the secondary stream is performed the same way as for the two new transmission case using the most recent value of the secondary stream offset.
2.2.2.2 Rank-1 fallback

In the case where the UE does not transmit with rank-2, the UE simply retransmits the primary stream with the same gain factors as the orginal transmission.
2.2.3 Case 3: Secondary stream is retransmitting

While this case is still being discussed in RAN1, a number of agreements were made.  In particular, it was agreed in RAN1 that the UE retransmits the secondary stream data on the primary stream when the power headroom or the data buffer does not allow for a rank-2 transmission.  In such cases, the UE performs the retransmission with the gain factors re-calculated for the primary stream.  
The actual detailed mechanism for rank-2 transmission however has not yet been agreed.  One of the potential issue with this retransmission case is when the UE selects a much different TB on the primary stream than the previous TBS; this results  in a power imbalance between the primary and secondary stream.  Since the power of the E-DPDCH and S-E-DPDCH have to be equal, then the UE is forced to tradeoff data rate, efficiency and reliability.
2.2.4 Case 4: Both streams are retransmitting

When both streams are retransmitting, there is no need for E-TFC selection to be executed.  So as agreed in RAN1, in such cases both streams are retransmitted using the same gain factors as the original transmission.
3 Conclusion

In this contribution, we have described our views on the E-TFC selection mechanism for UL MIMO operations.  We have proposed the following:
Proposal 1: Adopt a sequential E-TFCI selection approach between primary and secondary stream. 

Proposal 2: UE determines set of supported E-TFCI on the primary stream assuming rank-2 transmissions and accounting for the fact that twice the E-DPDCH power is required in the NRPM calculations

Proposal 3:  The UE determines the maximum number of bits allowed to be transmitted in the primary stream using the existing extrapolation or intrapolation formula

Proposal 4:   The UE should carry on and determine the final primary stream E-TFCI if the maximum supported E-TFCI and serving grant are sufficiently large to support rank-2 transmission 
otherwise single stream E-TFC selection should be performed
Proposal 5: E-TFC selection on the secondary stream should be performed if the selected E-TFCI on the primary stream meets the rank-2  requirement (i.e. it has at least transport format 2SF2 + 2SF4).
Proposal 6: The UE determines the maximum number of bits allowed to be transmitted on the secondary stram using the intrapolation or extrapolation formula based on the power used for the primary stream and the signaled secondary stream power offset.  

Proposal 7: The UE perform dual stream transmission using the selected E-TFCIs if the secondary stream selected E-TFCI meets the rank-2 requirements.

Proposal 8: The UE executes the legacy rank-1 E-TFC selection procedure when the rank-2 procedure does not lead to allowable rank-2 transmission parameters.
Proposal 9: When retransmitting the primary stream, if the serving grant does not allow rank-2 transmission the UE does not request a TB for the secondary and transmits with rank-1.

Proposal 10: When the primary stream is retransmitting, the UE transmits with rank-2 if it has sufficient headroom, if the serving grant allows it, and if the secondary stream min TF or min TBS criteria is met.  
Proposal 11: E-TFC selection for the secondary stream is performed the same way as for the two new transmission case using the most recent value of the secondary stream offset.
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