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1
Introduction

RAN#54 initiated a work item on UL MIMO and 64QAM for HSPA [1]. This was a result of earlier study on UL MIMO, whose results were captured in the technical report [2]. This contribution provides a proposal for the details of E-TFC selection and serving grant interpretation that have not yet been agreed on in RAN1.
2
Serving grant interpretation
RAN1 has agreed that the serving grant for UL MIMO rank 1 transmissions is interpreted exactly as for SIMO or UL CLTD. During rank 2 transmissions, there are two possible interpretations for the serving grant:

Scheme A: Here the grant is interpreted exactly as in the case of rank 1 transmission, i.e., it indicates the primary stream grant.
Scheme B: Here the grant is first reduced by 3dB and then interpreted as in the case of rank 1 transmission. This captures the idea that the grant represents the total power to be split across both streams.

Scheme B requires that the maximum possible grant that can be signaled should be 3dB higher than that currently used, which could cause changes to the grant encoding and interpretation. If this is acceptable, then both schemes are equivalent in absence of grant reception errors, i.e., any UE behavior caused by grants signaled by one scheme can also be caused by appropriately modified grants (shifting the primary grant by 3dB) signaled using the other scheme. However, UE behaviors will be different under the two schemes if UE missed the secondary stream grant, thus misinterpreting the signaled rank to be 1 instead of 2. In that case, the power that would be granted to the secondary stream if the secondary grant had not been missed will go unused under Scheme A, while under Scheme B, it will be transferred to the primary stream, allowing a larger payload on the primary stream. A larger payload leads to higher throughput and may thus appear preferable, however, note that it usually comes at the expense of increased ROT at the NodeB. This is because the primary stream is usually much stronger, hence power sent on it will be received more strongly than if it had been sent on the secondary stream. Since this is expected to be a rare event, the increased throughput will not be very noticeable. On the other hand, ROT control is important for system stability, and ROT-limited Node-B operation can be expected to be a frequent scenario for UL-MIMO. Thus, Scheme A is preferable to ensure better ROT control at the NodeB.
Proposal 1: UE’s interpretation of primary serving grant (controlled by E-AGCH and E-RGCH) is independent of whether the signaled rank is 1 or 2.
2
E-TFC selection rules

The E-TFC selection procedure performed by the UE determines the TBS for new packet transmissions (as opposed to retransmissions of packets that failed previous decode attempts), using as input, the received grants and UE power headroom constraints. The headroom constraint and the maximum-power-reduction backoff value translate to a maximum allowable total transmit power for the UE. When the received grants cause the resulting UE transmit power to be less than this maximum allowable value, the E-TFC selection simply follows the received grants to determine the TBS using the table-lookup interpolation function. However, if the resulting UE transmit power is more than its maximum allowable value, the grants and corresponding TBS need modification so as to lower the transmit power so that it no longer exceeds its permissible maximum. Note that E-TFC selection rules apply when at least one MIMO data stream (E-DPDCH or S-E-DPDCH) is carrying a new transport block, since the choice of TBS for that transport block can potentially be used to avoid violating the maximum power limit. It is possible that remedial action is needed to avoid violating this power limit even when E-TFC selection cannot be applied (eg, in the middle of packet transmission, or when both streams are carrying retransmissions). The remedial action in such cases is governed by the maximum power scaling rules which are treated later in Section 3. Various options for E-TFC selection rules under maximum power constraints were proposed in [3]. The rules also have to consider the case where one of the streams has not yet decoded. Here we propose the preferred options for the E-TFC selection rules, consistent with the grant signaling rules in [5]. Recall that the primary stream grant determines the transmit powers of both streams and the TBS of the primary stream, while the secondary stream grant only determines the secondary stream TBS. Also, rank 2 transmissions are only possible if TBS on both streams map to the 2xSF2+2xSF4 spreading factor configuration. Thus, the rank signaled by Node-B to UE is 2 if the grants on both streams maps to TBSs which uses the 2xSF2+2xSF4 spreading factor configuration, and the rank is 1 otherwise. However, UE may not always transmit with the signaled rank; the grants are processed to select the actual rank and TBS(s) based on the rules below.
Proposal 2a: Behavior when neither primary nor secondary stream has decoded: If neither packet has decoded, UE shall retransmit both packets with rank 2. The grants used on each stream shall be the grants that were used at the first transmission of the yet undecoded packet on the respective stream. Power-scaling rules shall be used to resolve headroom violations. [This proposal has already been agreed on in RAN1#68bis and is mentioned for completeness]
Proposal 2b: Behavior when at least 1 stream has no pending retransmission and rank 1 is signaled: In this case, UE always transmits with rank 1, as follows:

1) If both streams have no pending retransmission, the current UL-CLTD E-TFC selection rules are applied to transmit a new packet using the current primary grant.

2) If only the primary stream packet has a pending retransmission (i.e., it has not yet decoded), it is retransmitted using the primary stream grant used at its first transmission. UL-CLTD power-scaling rules are applied if this grant causes a power headroom violation.
3) If only the secondary stream packet has not yet decoded, it is retransmitted on the primary stream, using the power corresponding to the primary stream grant that was used during its previous transmission. UL-CLTD power-scaling rules are applied if this grant causes a power headroom violation.
Proposal 2c: Behavior when at least 1 stream has no pending retransmission and rank 2 is signaled: In this case, 

1) Case of no power or buffer limitations: The UE follows the current grant on the stream(s) that have no pending retransmissions, and uses the original grant used at the first packet transmission for the stream that has not decoded. The only exception is if a pending primary stream retransmission uses a TBS that does not map to the 2xSF2+2xSF4 spreading factor configuration (which could happen if the original transmission had rank 1), in which case the UE ignores its secondary grant and retransmits with rank 1.
2) Case of power and/or buffer limitations when both streams have decoded: The UE scales down the primary and secondary stream grants by the same factor until they fall within the UE power limit or become zero (whichever comes first). If at least one of the resulting scaled grants is zero or maps to a TBS which does not use the 2xSF2+2xSF4 spreading factor configuration, or if the TBS corresponding to the scaled primary grant is not less than the number of bits in the UE’s data buffer, the UE ignores its secondary stream grant and transmits with rank 1 by following case 1 of Proposal 2b. Otherwise, the UE transmits with rank 2, using the scaled primary grant to determine the power level on both primary and secondary streams as well as the TBS on the primary stream. UE’s buffer is first used to populate the primary stream TBS. Then, the secondary stream TBS used is the one corresponding to the scaled secondary stream grant if UE’s buffer has enough data to fill that TBS, and the smallest TBS that maps to 2xSF2+2xSF4 and is larger than the the UE’s buffer level otherwise.
3) Case of power and/or buffer limitations when only the primary stream has decoded: UE scales the current primary stream grant till it falls within the UE power limit or becomes zero (whichever comes first). If the scaled grant is zero or maps to a TBS that does not use the 2xSF2+2xSF4 spreading factor configuration, or if the UE’s data buffer is empty, UE transmits with rank 1 following case 3 of Proposal 2b. Otherwise it transmits with rank 2, using the scaled primary grant to determine the power levels on both the primary and secondary streams as well as the TBS on the primary stream. The secondary stream carries a retransmission of the packet that has not yet decoded.
4) Case of power and/or buffer limitations when only the secondary stream has decoded: The UE scales down the primary stream grant used during the first transmission of the primary stream packet, and the current secondary stream grant, by the same factor until the scaled primary stream grant falls within the UE power limit or become zero (whichever comes first). If the scaled secondary stream grant is zero, or either the TBS of the undecoded primary stream or the TBS that the scaled secondary grant maps to does not use the 2xSF2+2xSF4 spreading factor configuration, or if the UE’s data buffer is empty, UE transmits with rank 1 following case 3 of Proposal 2b. Otherwise it transmits with rank 2, using the scaled primary stream grant to determine the transmit power levels on both E-DPDCH and S-E-DPDCH, and the scaled secondary stream grant to determine the new TBS on the secondary stream. The primary stream carries the retransmission.
This proposal uses the constraint that UL MIMO rank 2 transmissions must use the 2xSF2+2xSF4 spreading factor configuration to decide when the transmission is switched to rank 1. Rank is also switched to 1 if there is insufficient data. This approach has the advantage that the existing mapping between TBS and spreading factor need not be modified to force the 2xSF2+2xSF4 configuration. Note that based on Proposal 1, when the rank is switched from the signaled value of 2 to 1, the power that would have been allocated to the secondary stream is left unused, rather than transferring it to the primary stream. The motivation for this is consistent with that in Proposal 1: Transfering the power could result in larger ROT that the Node-B would have anticipated when it signaled the UE to use rank 2. Also note that the rules mention operations on the grants such as scaling them or ignoring the secondary grant; these operations are done solely for computing the transmitted rank and TBS(s), and do not result in an update to the grant itself.
3
Power-scaling rules

The E-TFC selection procedure modifies the TBSs and transmits powers signaled by the Node-B’s grants in order to prevent headroom violations when a new packet is beginning transmission. However, headroom violations may still occur in the middle of a packet transmission due to slot-rate power-control, and even at the beginning of a TTI if both MIMO streams are carrying retransmissions (which prevents E-TFC selection). The maximum power scaling rules specify how to modify transmit powers to avoid such headroom violations that cannot be avoided by E-TFC selection. As per current specification, the power-scaling is a two-step procedure:

Step 1) The E-DPDCH power is reduced subject to a configurable minimum E-DPDCH/DPCCH power ratio.

Step 2) If Step (1) is insufficient to prevent the headroom violation, then the transmit powers of all transmitted channels are reduced by the same factor, and the factor is chosen to be the smallest possible factor that prevents the headroom violation.

During UL MIMO rank 2 transmissions, there are two straightforward generalizations possible to the above scheme, described as schemes (a) and (b) in [3]. As explained in [3], Scheme (a) is preferred, and hence we propose this scheme:
Proposal 3: A UL MIMO UE transmitting a retransmission with rank 1 follows the same power-scaling rules as a UL CLTD UE. If transmitting with rank 2, when in the middle of the transmission or at the beginning but with retransmissions on both streams, the same power-scaling rules are applied with the further restriction that the S-E-DPDCH suffers the same power-scaling as E-DPDCH (as shown in Figure 1). 
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         Figure 1: Approach for maximum power scaling rules during UL MIMO transmissions with rank=2.

3
Conclusion
We have proposed rules for serving grant interpretation, E-TFC selection, and maximum power scaling for a UL MIMO UE. The rules are summarized in proposals 1, 2a,2b,2c and 3. 
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