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1 Introduction

At the last RAN2 meeting in Bratislavia, a number of documents on the impact of UL MIMO on the RAN2 specifications were discussed and a large number of agreements were made.  While good progress on the CRs to the RAN2 specifications was made during the meeting and the ensuing e-mail discussions, a number of details still remain to be discussed.
In this contribution, we discuss a number of outstanding issues related HARQ retransmissions cases in E-TFC selection, and propose ways to capture the functionality in the 25.321 specifications.  We also present the changes we are proposing in Section 5.1 in the Appendix.
2 Discussion
2.1 Secondary stream set of supported E-TFCs

In the normal rank-2 case when the UE is transmitting two new transport blocks, the UE determines the TBS first on the primary stream assuming rank-2 transmission.  The E-TFC selection procedure ensures that the grant and power are not exceeded by means of E-TFC restriction and serving grant limitations.    For the secondary stream, the maximum number of bits of scheduled data is calculated according to the virtual serving grant.  Due to the fact that the UE uses the same power on both streams, the set of supported E-TFCs does not need to be calculated for the secondary stream.  However, when section 11.8.1.4 is invoked for the secondary stream, it is not clear what set of supported E-TFCIs should be used for the second stream E-TFC selection.

Several options exists for determining the set of supported E-TFCIs for the secondary stream:

1. The UE considers all E-TFCIs supported for the secondary stream:  The virtual serving grant ensures that the UE does not exceed the power of the primary stream, and the primary stream ensures that the UE does not exceed the available power.  In effect, there is no need to further check for power and it should be sufficient for the UE to consider that all E-TFCs are supported for the secondary stream.

2. The UE considers all E-TFCIs up to the maximum number of bits allowed by the virtual serving grant as supported : This would align the set of supported E-TFCs with the number of bits based on virtual serving grant and guarantee that both supported E-TFCs and virtual grant meet the power requirement.

Proposal 1: Agree that all E-TFCIs smaller than or equal to the maximum number of bits allowed by the virtual  serving grant are supported for the secondary stream.
2.2 Retransmission cases

When the UE is retransmitting on one of the two stream and the maximum rank is set to 2, it was agreed that a second TBS would be selected if the UE is not:

· serving-grant limited, 
· power limited, or 
· buffer limited.  
The serving-grant limited requirement has been agreed at the last RAN2 meeting.  The last two requirements are captured in the LS from RAN1 in [2], where the table listing the scenarios is reproduced in Section 5.2 in the Appendix. 

In the current version of the draft CR, these requirements are not fully captured for the retransmission cases.  In the following, we propose ways to implement verifications for serving-grant, power and buffer limitation onto the specifications; please see also the Appendix below for proposed CR text.
2.2.1 Serving-grant limitation

At RAN2 #79bis, RAN2 has agreed that:

“When retransmitting on the primary or secondary stream, for the case when the UE is not Power and/or Buffer Limited, if the serving grant does not allow rank-2 transmission the UE does not prepare a TB for the secondary stream and transmits with rank-1.”  
If the primary stream is retransmitting, the UE will not re-calculate the number of scheduled bits that can be transmitted on the primary stream based on the serving grant.  Therefore, to determine if the current SG allows for rank-2 transmission, the UE prior to performing E-TFC selection for the secondary stream has to determine whether or not the SG translates into a TBS that is larger than or equal to the minimum TBS supporting rank-2 transmission.  

This can be implemented in the specifications for example by adding a determination step in Section 11.8.1.4x for the case where the HARQ entity has invoked E-TFC selection for the secondary stream and the primary stream is retransmitting.  If the maximum number of bits of scheduled data according to the serving grant is lower than the minimum TB for rank-2 transmission, rank-2 transmission is not allowed in this TTI.  The changes to the section are shown in the Appendix.

Proposal 2: Capture in the 25.321 the check for the serving grant when HARQ has invoked the E-TFC selection on the secondary stream only according to the proposed CR. 
2.2.2 Power-limitation 

RAN1 has agreed to transmit using rank-2 “if sufficient power available to select a new TB to be transmitted in parallel to the Re-Tx” (see rows 10b and 12b in Table 1 below).  However, it is not clear exactly where and how this check is actually performed.
We note that in the R6 E-TFC selection mechanism, power-limitation is implemented via the set of supported E-TFCs.  The set of supported E-TFCs is determined in the RAN4 25.133 specifications by calculating the normalized remaining power margining (NRPM) for every candidate E-TFCI and compare it to its required relative power.  In the following, we propose to implement the power-limitation check via the NRPM.  For rank-2 transmission, for the primary stream E-TFC restriction the total available power is split in half.  
Primary stream retransmission case 
In this case, the UE has a pending retransmission on the primary stream and the HARQ entity has invoked E-TFC selection only for the secondary stream.  In the following we propose an approach for specifiying the power limitation verification for this case and determining whether rank-2 transmission is allowed.
The UE could verify if enough power headroom is available to transmit with twice the power required for the E-TFCI being retransmitted on the primary stream.

This may be performed in the RAN4 specification, where it is verified if the NRPM is greater than or or equal to twice the required power to transmit E-TFCIj , where j here is the index of the primary stream E-TFC .  For example rank-2 transmission is allowed if for E-TFCIj the following holds:
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is the gain factor for the kth E-DPDCH for E-TFCIj.  Note that the UE knows the gain factor for the primary stream E-TFCIj as it is a retransmission and does not need to recalculate it.  
We note that the power-limitation check could also have been done by using the set of supported E-TFC in this case, where the UE calculates the set of supported E-TFCIs for the primary streams and checks if the retransmitted E-TFCI is part of the supported E-TFCs; however the same approach would not be possible for the secondary stream retransmission case.  Therefore, it would be preferable to perform the check for both retransmission cases in a similar way in 25.133.
The UE then just checks if rank-2 is allowed in 25.321 by referring to the 25.133 specifications.  This change is shown in the appendix.  

Proposal 3:For the primary stream retransmission case, the UE determines if it is power-limited by verifying using the NPRM if the primary stream TBS is supported for rank-2 transmission.

Secondary stream retransmission case
In this case, the UE has a pending retransmission on the secondary stream and the HARQ entity has invoked E-TFC selection only for the primary stream.  As described in the LS from RAN1 in [2], the UE in this case has to generate a new TB on the primary stream if it has sufficient power to transmit one in parallel to the retransmission.  Otherwise the UE retransmits using rank-1 on the primary stream.
As for the case of primary stream retransmission, one approach to determine whether or not the UE has sufficient power is to first calculate the required power for the secondary stream and then compare the resulting rank-2 required power with the UE NRPM.  Since the offset may have changed since the original transmission and since the actual transmit power on the secondary stream is driven by the primary stream E-TFC selection, it is not so relevant to use the transmit power for the last transmission as required minimum power.
To determine the minimum required power for the S-E-DPDCH retransmission, the required gain factor (βed,req,k) associated to the secondary stream TBS is first calculated.  This is achieved by using the interpolation or extrapolation formula as described in Section 5.1.2.5B.2.3 in TS25.214 ([3]).  From this value and the value of the Offset, the required S-E-DPDCH taking into considerations the Offset is then calculated as follows:
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The NRPM assuming rank-2 transmission for each E-TFCIj is then calculated as it would be done normally when 2 TBS are requested from the HARQ.  There is sufficient power to transmit with rank-2 if the following holds for any supported E-TFCIj:
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One advantage of verifying for power-limitation at the NRPM level in 25.133 is that the NRPM is calculated at the beginning of the E-TFC selection procedure, allowing the UE to skip the rest of the E-TFC selection if it has no power left and allowing the UE to perform a similar check for both retransmission cases.
Similar to the case above, 25.321 can check if rank-2 is allowed for by referring to 25.133.  The changes required to 25.321 are shown below.  

Proposal 4:The UE determines if it is power-limited in the secondary stream retransmission case by verifying if the NRPM for any rank-2 supported E-TFCI is larger than the minimum power required for the secondary stream retransmission.  The minimum power required for the secondary stream retransmission is calculated using the most recent value of the Offset.
We also note that from a RAN2 perspective the check could be easily specified by referring to the RAN4 specs.  RAN2 would also need to issue an LS to RAN4 to inform of the requested functionality.
2.2.3 Buffer-limitation

Just as in the case where two new TBs are selected, the buffer-limitation for the retransmission case has to be checked after a TB has been selected.  We note that this step was also not captured in the current CR.  Changes to the current CR capturing this are proposed in the Appendix below.
3 Conclusion

In this contribution, we discuss power-limitation for E-TFC selection in UL MIMO operations in the presence of a retransmission and propose the following:
Proposal 1: Agree that all E-TFCIs smaller than or equal to the maximum number of bits allowed by the virtual  serving grant are supported for the secondary stream.
Proposal 2: Agree to capture the check for the serving grant requirement in the primary stream when HARQ has invoked the E-TFC selection on the secondary stream only. 
Proposal 3:For the primary stream retransmission case, the UE determines if it is power-limited by verifying using the NPRM if the primary stream TBS is supported for rank-2 transmission.

Proposal 4:The UE determines if it is power-limited in the secondary stream retransmission case by verifying if the NRPM for any rank-2 supported E-TFCI is larger than the minimum power required for the secondary stream retransmission.  The minimum power required for the secondary stream retransmission is calculated using the most recent value of the Offset.
4 References

[1] R2-125064, DRAFT – Introduction of UL MIMO with 64QAM in TS 25.321
[2] R2-123244, “LS on RAN1 agreements on MIMO with 64QAM for HSUPA,” 3GPP TSG RAN WG2 #79, Qingdao, China, 13th -17th August, 2012.
[3] TS 25.214, “Physical layer procedures (FDD),” v11.3.0
5 Appendix 
5.1 Changes to 25.321
The changes below are highlighted and a comment indicating the reason for change has been added.
11.8.1.4
E-TFC Selection
…
For each configured MAC-d flow, a given E-TFC can be in any of the following states on each of the Activated Uplink Frequencies:

-
Supported state;

-
Blocked state.

When the UE has only one Activated Uplink Frequency, at each TTI boundary, UEs in CELL_DCH state, CELL_FACH state and Idle mode with an E-DCH transport channel configured shall determine the state of each E-TFC for every MAC-d flow configured based on its required transmit power versus the maximum UE transmit power (see [7] and [12]). The UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]).

When the UE has more than one Activated Uplink Frequency, at each TTI boundary, UEs shall determine the state of each E-TFC for every MAC-d flow configured on each uplink frequency, based on its required transmit power versus the maximum remaining power allowed for E-DCH transmission on that frequency (see [7] and [12]). The UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state (see [7]).

When the UE maximum allowed rank is set to 2, at each TTI boundary, UEs shall determine for the primary stream the state of each E-TFC for every MAC-d flow configured, based on its required transmit power versus the maximum power allowed for rank-2 transmission on the primary stream (see [7] and [12]).  
The UE shall consider that E-TFCs included in the minimum set of E-TFCs are always in supported state for the primary stream (see [7]).  
For the secondary stream, the UE shall consider that all E-TFCs smaller than or equal to the maximum number of bits of scheduled data according to the virtual serving grant (see Section 11.8.1.4.x) are in supported state.  

At every TTI boundary for which a new transmission is requested by the HARQ entity (see subclause 11.8.1.1.1), the UE shall perform the operations described below. UEs configured both with DCH and E-DCH transport channels shall perform TFC selection before performing E-TFC selection.

When the UE has more than one Activated Uplink Frequency and E-TFC selection is invoked by one HARQ entity, the following E-TFC selection procedure is applied to the uplink frequency where the E-TFC selection is invoked. The Serving Grant Update function provides the E-TFC selection function with the maximum E-DPDCH to DPCCH power ratio that the UE is allowed to allocate for the upcoming transmission for scheduled data (held in the Serving Grant state variable – see subclause 11.8.1.3). This power ratio shall be used to determine a maximum number of bits of scheduled data with a 1 bit granularity for the upcoming transmission, calculated from number of bits corresponding to the reference E-TFCs (E-TFCref,m), and that the highest value is lower or equal to:
…
11.8.1.4x
E-TFC Selection for uplink MIMO

When the maximum allowed rank is 1, then the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4. 

When the maximum allowed rank is 2, then the E-TFC selection procedure is as follows: 

-
If the HARQ entity has invoked E-TFC selection procedure for both streams:

-
For the primary stream, the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4 assuming rank2 transmission parameters.-
If E-TFCI selected for the primary stream is equal to or greater than the minimum TB size for rank2 transmissions, then for the secondary stream, the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4, where the virtual serving grant is used, which is calculated according to the formula below and is based on the transmit power chosen for the primary stream and the Node B signalled offset S-ETFC Offset Value as defined in table 16D of [16].
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-
need to define bed,k and bc by referring to 25.214 [13]?
-
If either the primary or the secondary stream E-TFCI is less than the minimum TB size for rank2, then a UE shall perform again the E-TFC selection procedure for rank1 transmission as specified in 11.8.1.4. Indicate to HARQ entity that rank1 transmission shall take place.

-
If the HARQ entity has invoked E-TFC selection only for the primary stream:

-
Determine according to [12] if enough power is available for rank-2 transmission in TTI.

-
If according to [12] the UE does not have enough power for rank-2 tranmission, rank-2 transmission is not allowed in this TTI.

-
If rank-2 transmission is allowed in this TTI
, perform the E-TFC selection procedure as specified in sub-clause 11.8.1.4 assuming rank2 transmission parameters.

-
If E-TFCI selected for the primary stream is less than the minimum TB size for rank2 transmission configured by higher layers or if rank-2 is not allowed in this TTI, the pending secondary stream retransmission shall be transmitted on the primary stream using rank 1 transmission using gain factors that would normally be used for that E-TFC. 

-
If the HARQ entity has invoked E-TFC selection only for the secondary stream:

-
Determine the maximum number of bits of scheduled data according to the Serving_Grant in the primary stream as described in Section   11.8.1.4.

-
Determine according to [12] if enough power is available for rank-2 transmission (or if rank-2 is allowed for this TTI).

-
If the maximum number of bits of scheduled data is lower than the minimum number of bits for rank-2 transmission or if according to [12] the UE does not have enough power for rank-2 tranmission, rank-2 transmission is not allowed in this TTI.

-
If rank-2 transmission is allowed in this TTI, perform  the E-TFC selection procedure as specified in sub-clause 11.8.1.4, where the virtual serving grant is used, which is calculated based on the transmit power chosen for the primary stream and the Node B signalled offset S-ETFC Offset Value as defined in table 16D of [16] (see formula above).

-
If the selected E-TFCI for the secondary stream is less than the minimum TB size for rank2 transmission or if rank-2 is not allowed in this TTI, then indicate to the HARQ entity that rank1 transmission shall take place in the primary stream. The pending primary stream retransmission shall be transmitted on the primary stream using rank1 transmission and gain factors that would normally be used for that E-TFC.
5.2 RAN1 HARQ re-transmission scenarios 
Table 1: HARQ re-transmission scenarios (from [2])
	CASE
	USED/PREFERRED RANK
	ACK/NACK
	OTHERS
	Behaviour

	
	Original
Tx
	Re-Tx
	TB1
	TB2
	Power/Buffer*
Limited
	Re-Tx handling

	1
	1
	1
	nack
	-
	-
	LEGACY

	2
	1
	2
	nack
	-
	-
	Force re-transmission in Rank 1

	3
	2
	1
	nack
	nack
	-
	Re-transmit in Rank 2

	4
	2
	2
	nack
	nack
	-
	Re-transmit in Rank 2

	5
	2
	1
	ack
	nack
	no
	Re-transmit in Rank1 using primary stream

	6
	2
	2
	ack
	nack
	no
	Re-transmit stream 2 and new data on stream 1

	7
	2
	1
	nack
	ack
	no
	Re-transmit in Rank1

	8
	2
	2
	nack
	ack
	no
	Re-transmit stream 1 and new data on stream 2

	9
	2
	1
	ack
	nack
	Buffer/power
	Re-transmit in Rank1 using primary stream

	10
	2
	2
	ack
	nack
	Buffer
	Re-transmit in Rank1 using primary stream

	10b
	2
	2
	ack
	nack
	Power
	New data on primary stream, Re-Tx on the secondary stream if sufficient power available to select a new TB to be transmitted in parallel to the Re-Tx. Otherwise only the retransmission is sent on the primary stream.

	11
	2
	1
	nack
	ack
	Buffer/power
	Re-transmit in Rank1

	12
	2
	2
	nack
	ack
	Buffer
	Re-transmit in Rank1

	12b
	2
	2
	nack
	ack
	power
	New data on secondary stream, Re-Tx on the primary stream, if sufficient power available to select a new TB to be transmitted in parallel to the Re-Tx. Otherwise only the retransmission is sent on the primary stream.


*Buffer limited in this table refers to the situation there is not enough data in the buffer to meet the minimum TB size requirement for rank 2 transmissions.

�this is to capture the fact that a different procedure needs to be done for the primary stream to determine the set of supported E-TFCs.  


�To capture the agreement that min E-TFCs are only applicable for primary stream.  


�Proposal 1 


�Proposal 4


�Proposal 2


�Proposal 3


�Check conditions from proposal 2 and 3
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