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1
Introduction

At the previous RAN1 meeingt, proposals were made for handling of non-scheduled grants during E-TFC selection with rank 2 (see [2]). Here we propose some modifications to these proposals to avoid excessively restricting the number of non-scheduled bits that can be sent during rank 2 due to the constraint that they can only be carried on the primary stream. This is similar to the non-scheduled grant power pre-allocation done for DC-HSUPA. We also propose the interpretation of the minimum E-TFCI set and handling of SI transmission for UL MIMO.
2
Non-scheduled grants in rank 2 
In [2], it was proposed and agreed as a working assumption that non-scheduled grants will only be sent on the primary spatial stream. Subsequently, in an e-mail discussion, the following was agreed:
· Non-scheduled data is carried on the primary stream only.

· The RAN1 procedures should be transparent to the actual content of the TBS being received from higher layers (with the exception of Rel-6-defined HARQ-profile related offset), as in the following:

· The gain factor of the primary stream corresponds to the TB size selected on the primary stream containing both the scheduled and non-scheduled data bits.

· The gain factors of the secondary stream follow the same rule of setting the Bsed=Bed regardless of the presence of non-scheduled transmission.

· The selection of the secondary TB follows the same selection rules as with the case when there is no non-scheduled data.

In [2] a procedure was also proposed (called Option (b) in [2]) to handle the E-TFC selection with non-scheduled grants. This procedure is to be applied whenever there are non-scheduled data bits to be transmitted, the grants indicate rank 2 and the primary stream does not carry a retransmission. For completeness, we repeat this procedure here:
Proposal 1: The E-TFC selection procedure with non-scheduled grants is as follows: 
· The TBS on the primary stream is determined by adding the TBS corresponding to the serving grant to the sum of all the non-scheduled grants. 
· The beta factor associated with this TBS determines the power level on both the primary and the secondary stream data (i.e., on E-DPDCH and S-E-DPDCH). 
· If the secondary stream also does not carry a retransmission, then this power level is offset by the secondary stream grant offset (carried on S-E-AGCH) and then mapped to the new secondary stream TBS. 
· In case of power and/or buffer limitation, the E-TFC selection rules are applied just as in the case when there are no non-scheduled grants (eg, as in [2]) and the scheduled grants correspond to the TBS on the two streams that are selected as above. The UE data buffers are used to first fill the primary stream transport block and then the secondary stream transport block, with the constraint that non-scheduled data bits can only be carried on the primary stream, in addition to the constraints that the number of bits of scheduled data on the primary stream cannot exceed the TBS corresponding to the primary stream grant, and the number of bits of non-scheduled data for each MAC-d flow cannot exceed the corresponding non-scheduled grant. There is no additional constraint on the number of bits on the secondary stream, and this number thus equals the TBS selected on this stream based on the above rules.

The above procedure does not change the rules for fall-back from rank 2 to rank 1, i.e., these rules are the same as for the case when there is no non-scheduled flow. 
However, it may be desirable to add a further rule allowing such fall-back in presence of non-scheduled flows when UE is power-limited, because these flows often have high priority.  When the UE is power-limited, such fall-back could increase the number of bits from these flows that can be transmitted. This increase is only possible if the secondary stream does not carry a retransmission, so the new additional fall-back rule should only apply in that case. Note that, if the secondary stream carries a retransmission; rank 1 fall-back would only allow that retransmission. 
A desirable property of this fall-back rule is that the E-TFC selection with the fall-back should apply exactly as if the signaled grants indicated rank 1, since this is consistent with the other agreed rank 1 fall-back procedures (eg, fall-back due to minimum rank 2 TBS violation caused by power and/or buffer limitation).
The following are two ways to impose this additional rank-1 fall-back rule:

Option (1): 
Determine the total number of non-scheduled data bits that can be carried with rank-1 fall-back, and perform the fall-back if this number is larger than the number of non-scheduled data bits that would be carried in absence of this fall-back rule. This will require populating the TBS with data from the flows under both rank 1 and rank 2 hypotheses, and then comparing the number of bits transmitted in the two hypotheses.

Option (2): 
A simpler approach would be to compute for each non-scheduled flow, the minimum of the non-scheduled grant for that flow and the current buffer level of that flow, then add up these minimums across all non-scheduled flow, and fall-back to rank 1 if the primary stream TBS chosen with rank 2 is less than this sum.
Option (2) has the drawback of forcing a fall-back even if the non-scheduled flow actually has a lower priority. This drawback could potentially be eliminated by only considering non-scheduled flows that have higher priority than any scheduled flow. However, even this solution is somewhat lacking compared to Option (1) if there are multiple scheduled and non-scheduled flows with interleaved priorities. However, Option (2) is simpler than Option (1) because it does not require populating the selected TBS(s) with data under both rank 1 and rank 2 hypotheses. Further, it is in line with the DC-HSUPA strategy of pre-allocating enough power on the primary uplink carrier for transmitting all the non-scheduled flows. The only difference is that while in DC-HSUPA, the powers needed by the non-scheduled flows are added, here we instead add the number of non-scheduled bits (= minimum of the buffer level and the non-scheduled grant). 
Proposal 2: Allow UE to fall-back to rank 1 if the following conditions are true:

· the second stream does not carry a retransmission, 
· the UE is power limited, and 
· the primary stream TBS is less than the sum over all non-scheduled flows i of the quantity min(Bi, NSGi) where Bi is the buffer level and NSGi is the non-scheduled grant for the i-th flow. 
If rank 1 fall-back is triggered, the procedure followed is identical to that used if the signalled grants indicated rank 1.
3
Interpretation of minimum E-TFCI set, and SI signaling 
The current SIMO/CLTD specification allows configuration of a minimum set of supported E-TFCI values. The SIMO/CLTD E-TFC selection procedure considers E-TFCI values in this set as admissible candidate E-TFCIs (i.e., places them in the ‘supported’ rather than ‘blocked’ state) irrespective of whether UE has enough power to transmit the corresponding TBS. Since the intent is to allow transmission of a certain minimum TBS even if UE is headroom limited, such transmissions should only be allowed using rank 1. Thus, we propose the following;
Proposal 3: For rank 2 transmissions, the E-TFCI selection procedure shall assume that the minimum E-TFCI set is empty when determining the E-TFCs on both the spatial streams. For rank 1 transmissions, the configured minimum E-TFCI set shall be used just as in the legacy (SIMO) specification.

Note that the agreed-upon E-TFC selection rules require that if only the secondary stream needs a retransmission, the retransmission be made on the primary stream using rank 1 if the UE has insufficient power to transmit with rank 2. Allowing a nonempty minimum E-TFCI set for the primary stream during rank 2 transmission would conflict with this rule, since the rank 1 fallback would no longer be necessary. It would also be undesirable, since although it allows for earlier transmission of the minimum E-TFC, that transmission is unlikely to succeed, due to the UE power limitation. Even in the current SIMO design, the minimum E-TFC cannot be transmitted if there is an ongoing retransmission, and the above scenario should also be viewed in the same light, i.e., the agreed-upon rule is preferrable to allowing a nonempty minimum E-TFC set during rank 2 transmission.
In the current SIMO/CLTD specification, the scheduling information (SI) bits are added to the end of the MAC PDU whenever UE is required to send SI, or if there is space available in the transport block based on the chosen E-TFCI. For UL MIMO, both spatial streams are populated using the same data flows and subject to the same overall power constraint. Thus, the SI information will be common across the streams, and does not need to be sent separately per stream. In the case of rank 2 transmission, if UE is required to send SI, it is reasonable to follow today’s SIMO procedure but send the SI only on the primary spatial stream, since this stream is usually more reliable. This is consistent with the proposed handling of non-scheduled grants (i.e., sending them only on the primary stream), since the SI is treated as a high priority non-scheduled grant. On the other hand, consider the case when SI has to be sent only opportunistically based on space available using the chosen transport block sizes. In this case, it is reasonable to treat the SI as low priority data. Since the agreed E-TFC selection rules state that the transport block on the primary stream is populated first, this implies that the SI will be carried on the secondary stream unless that stream has to carry a retransmission. The same rules used in today’s specification can be reused to populate the SI data and indicate its presence in the transport block on either spatial stream.
Since SI can be carried on either stream, there are opportunities to transmit a new SI during an ongoing retransmission of a packet whose original transmission included an SI field. The UL MIMO specification could choose to either allow or explicitly disallow this. Disallowing it would impose some UE complexity to keep track of ongoing SI retransmissions on each HARQ process, and could also delay the transmission of a fresh SI. Allowing new SI concurrently with retransmissions that include past SI avoids these drawbacks, but imposes some complexity in the Node-B in order to handle concurrently transmitted SI values, in particular, to determine which SI is more recent. This complexity does not appear significant, since the HARQ attempt index will readily indicate which SI value was more recent. Further, a similar order-of-delivery issue also arises in connection with sending SI on multiple HARQ processes, which is nevertheless allowed in the current SIMO specification. Hence, it is reasonable to allow the same for multiple spatial streams.
Another possible optimization is to allow the UE to avoid a new SI transmission if the contents of the SI information have not changed since the previous transmission. This could be done either for all cases, or with some restrictions such as (a) only if the SI is opportunistic rather than mandatory, (b) only under certain conditions on the spatial streams over which the previous and the potential new SI are transmitted, eg., only if the previous SI was on the primary stream and the new one is on the secondary stream, (c) only if the previous SI transmission is still ongoing on the same HARQ process (or on any HARQ process), or (d) some combination of the above. However, such schemes reduce predictability of UE status, by increasing the number of possible reasons for absence of SI in any given MAC PDU. Many of these optimizations are also applicable to the current SIMO specification, but have not been adopted. Thus, it is reasonable to stipulate that UE should follow SI transmission rules independent of whether or not the SI to be transmitted differs from the last transmitted SI.
It is possible to define a more complicated scheme for opportunistic SI transmission, ensuring that all SI transmissions always happen on the primary stream. This could be done by first following the procedures outlined above, and then applying a modification whenever it results in transmission of SI on the secondary stream. The modification consists of disallowing the SI if the primary stream is carrying a retransmission, and re-ordering the bits in the two transport blocks to shift the SI from the secondary to the primary stream otherwise. This scheme avoids concurrent transmissions of two distinct SI values, but could delay new SI transmissions relative to the scheme outlined earlier, and also incurs additional UE complexity in populating the transport blocks. The motivation of this scheme would be the increased reliability from sending SI on the primary stream. However, with proper outer-loop and margin loop control, reliability of both streams can be made comparable, in the sense of achieving a targeted BLER after a targeted number of HARQ attempts. The opportunistic nature of the non-mandatory SI transmissions suggests that requiring these to be always on the primary stream is thus unnecessary.
We summarize our proposals regarding SI transmission for UL MIMO as follows:

Proposal 4: Scheduling information (SI) is common across both spatial streams and may in general be reported on either stream. A new SI transmission shall not be begun simultaneously (i.e., in the same TTI) on both streams. A new SI transmission on one stream can be concurrent with a retransmission on the other stream that also carries a previously transmitted SI. When mandatory SI transmission is triggered, UE shall transmit SI on the primary stream as soon as it is available (i.e., not carrying a retransmission). Otherwise, UE shall transmit SI if it can be accommodated, on the secondary stream if neither stream carries a retransmission, and on the available stream otherwise. Rules for determining whether SI can be accommodated are identical to those in the current SIMO specification, with the exception that the TBS used is the sum of the TBS values chosen on the available streams (i.e., streams that don’t carry retransmissions). All other procedures such as the SI reporting triggers and the procedure to include SI within the transport block (on either stream) are identical to that in the current SIMO specification.
4
Conclusion
The following is proposed:
Proposal 1: The E-TFC selection procedure with non-scheduled grants is as follows: 
· The TBS on the primary stream is determined by adding the TBS corresponding to the serving grant to the sum of all the non-scheduled grants. 

· The beta factor associated with this TBS determines the power level on both the primary and the secondary stream data (i.e., on E-DPDCH and S-E-DPDCH). 

· If the secondary stream also does not carry a retransmission, then this power level is offset by the secondary stream grant offset (carried on S-E-AGCH) and then mapped to the new secondary stream TBS. 

· In case of power and/or buffer limitation, the E-TFC selection rules are applied just as in the case when there are no non-scheduled grants (eg, as in [2]) and the scheduled grants correspond to the TBS on the two streams that are selected as above. The UE data buffers are used to first fill the primary stream transport block and then the secondary stream transport block, with the constraint that non-scheduled data bits can only be carried on the primary stream, in addition to the constraints that the number of bits of scheduled data on the primary stream cannot exceed the TBS corresponding to the primary stream grant, and the number of bits of non-scheduled data for each MAC-d flow cannot exceed the corresponding non-scheduled grant. There is no additional constraint on the number of bits on the secondary stream, and this number thus equals the TBS selected on this stream based on the above rules.

Proposal 2: Allow UE to fall-back to rank 1 if the following conditions are true:

· the second stream does not carry a retransmission, 

· the UE is power limited, and 

· the primary stream TBS is less than the sum over all non-scheduled flows i of the quantity min(Bi, NSGi) where Bi is the buffer level and NSGi is the non-scheduled grant for the i-th flow. 

If rank 1 fall-back is triggered, the procedure followed is identical to that used if the signalled grants indicated rank 1.
Proposal 3: For rank 2 transmissions, the E-TFCI selection procedure shall assume that the minimum E-TFCI set is empty when determining the E-TFCs on both the spatial streams. For rank 1 transmissions, the configured minimum E-TFCI set shall be used just as in the legacy (SIMO) specification.
Proposal 4: Scheduling information (SI) is common across both spatial streams and may in general be reported on either stream. A new SI transmission shall not be begun simultaneously (i.e., in the same TTI) on both streams. A new SI transmission on one stream can be concurrent with a retransmission on the other stream that also carries a previously transmitted SI. When mandatory SI transmission is triggered, UE shall transmit SI on the primary stream as soon as it is available (i.e., not carrying a retransmission). Otherwise, UE shall transmit SI if it can be accommodated, on the secondary stream if neither stream carries a retransmission, and on the available stream otherwise. Rules for determining whether SI can be accommodated are identical to those in the current SIMO specification, with the exception that the TBS used is the sum of the TBS values chosen on the available streams (i.e., streams that don’t carry retransmissions). All other procedures such as the SI reporting triggers and the procedure to include SI within the transport block (on either stream) are identical to that in the current SIMO specification.
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