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1. Introduction
At RAN#54 the Work Item on UL MIMO was agreed [1]. As identified in the WID, the objective of this work item is to specify the support of uplink 2x2MIMO with 64QAM as an additional uplink modulation scheme for HSUPA. In this contribution, we will give some general analysis on the MAC impacts due to the introduction of UL MIMO plus 64QAM.
2. RAN1 agreements
2.1. RAN1 agreements at RAN1#68

At RAN1#68, the following agreements were made.
2.1.1. Agreements on uplink data channel structure and design
· Two independent transport block structure, no interleaving across streams

· One ACK/NACK per TB – double the number of HARQ processes

· DPCCH, HS-DPCCH, E-DPCCH and E-DPDCHs sent as in UL CLTD using the primary precoding vector

· S-DPCCH is sent as in UL CLTD using the secondary precoding vector

· DPDCH, if sent and allowed to coexist with MIMO is sent on the primary precoding vector

· S-E-DPDCHs sent on the orthogonal precoding vector

· S-E-DPDCHs can only be present when E-DPDCHs are sent with 2xSF2+2xSF4

· S-E-DPDCHs can only be sent with 2xSF2+2xSF4, can be revisited if a motivation for other configurations is identified

· S-E-DPCCH used to indicate the format used on S-E-DPDCHs

· Precoding vector of S-E-DPCCH is FFS

· The Node B signals the TPI to be applied by the UE using the F-TPICH as in UL CLTD

· Single inner power control loop as in UL CLTD and UL SIMO, a possible modification to the power control, where the power changes at TTI boundaries only is FFS

· The E-DPDCHs and the S-E-DPDCHs are sent with equal power
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2.1.2. Agreements on 64QAM design
· 8PAM modulation is introduced per code to facilitate 64QAM

· 64QAM can only exist when transmitting with 2xSF2+2xSF4

· Two new slot formats for E-DPDCH need to be introduced for 8PAM SF4 and 8PAM SF2

· E-DPCCH design, whether the existing encoding is kept, or a new one is introduced is FFS
2.1.3. Agreements on uplink control channel and power control

· The S-E-DPCCH is introduced for rank2 transmissions
· The outer loop PC algorithm in the RNC may need indication of the stream on which a TB was received, to be confirmed in coming RAN1 meetings.
2.2. RAN1 agreements at RAN1#68bis

The discussions continued at RAN1#68bis, and an LS [3] was sent to RAN2 with the following agreements captured:

Serving Grant interpretation for E-TFC selection

· With rank1 SG is interpreted as in SIMO/CL-BFTD

· RAN1 is still discussing whether the SG for stream 1 that is signalled for rank 2 transmissions is interpreted as in rank1 or if SG for stream 1 is reduced by 3 dB to take into account the power used on stream 2.
E-TFC selection

· Rank1 E-TFC selection works as in SIMO/CL-BFTD
· Rank2 E-TFC selection for stream 1 operates as with rank 1. RAN1 is discussing whether the procedure during rank2 transmissions should be further modified in order to compensate for inter-stream interference.

· Rank2 E-TFC selection for stream 2 operates as the E-TFC selection for stream 1.

· RAN1 is still discussing if the ‘maximum allowed effective grant’  used by the stream 2 E-TFC selection algorithm (equivalent to the SIMO/UL CLTD Serving Grant) is signalled relative to the primary stream Serving Grant, or as an absolute value relative to DPCCH.
Rank management:

· 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
Working assumptions on operation when the E-TFC selection for rank 2 transmission is transmit power limited rather than grant limited:

· As long as the E-TFC selection does not fall back to rank 1, the equal transmit power on both streams is maintained, i.e. the stream 1 Serving Grant and the stream 2 ‘maximum allowed effective grant’ are scaled down equally

· RAN1 is still discussing at which point in which the UE would fall back to rank 1 when power limited
Code configuration

· The rank 2 transmissions are possible only with 2xsf2+2xsf4 code configuration in both streams. This applies also for the case where the E-TFC selection is max power limited rather than grant limited

· This implies that the UE cannot be configured with UL DCH mapped on UL DPDCH when the UE is configured in UL MIMO mode. This is equivalent to e.g. Rel-7 16QAM configuration.
64QAM operation

· A new TBS table mapping to the new E-DPDCH slot formats with 2xsf2+2xsf4 operation are needed. The number of TBS that the E-TFCI can point remains unchanged when 64QAM is configured. It is RAN1’s view that at least one new table for 64QAM TBSs is needed
3. MAC Impacts
3.1. HARQ process
As per the RAN1 agreements for UL MIMO, a pair of TBs will be transmitted over the primary and secondary streams during a rank-2 transmission with independent HARQ ACK/NACK, thus it is natural to double the current number of HARQ processes to16. The HARQ process identifier pairing between primary stream and secondary stream could follow the principle used for DL 2*2 MIMO (as defined in TS 25.212) as following:
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Where Nproc is the number of HARQ processes
In addition, to keep the commonality with single stream transmission, the synchronous HARQ scheme should be kept for UL MIMO. 

Proposal 1: It is proposed to double the HARQ process number to 16 and keep the synchronous HARQ scheme for UL MIMO.
3.2. HARQ process activation/deactivation

In the current single stream transmission, one or more HARQ processes could be activated/de-activated by RRC configuration or AG command e.g. for TDM scheduling. With the introduction of UL MIMO, two alternative schemes for HARQ process activation/deactivation could be investigated:

1) Allow the independent activation/deactivation status for a HARQ process for the primary stream and its pairing HARQ process for the secondary stream.
2) A HARQ process for the secondary stream should have the same activation/deactivation status as its pairing HARQ process for the primary stream.
Since no real use case on the stream specific HARQ process activation/deactivation status could be seen, it is proposed to bind the activation/deactivation status of a HARQ process for the secondary stream to its pairing HARQ process for the primary stream to avoid introducing extra specification impacts.

Proposal 2: a HARQ process for the secondary stream should have the same activation/deactivation status as its pairing HARQ process for the primary stream.
3.3. Non-scheduled transmission
Generally, non-scheduled transmission is used to transmit delay sensitive traffics e.g. SRB and voice in single stream operation. It is proposed to restrict the non-scheduled transmission on the primary stream in dual stream operation due to the following concerns:

· The secondary stream is always weaker than the primary stream, therefore it is more reliable to transmit the non-scheduled data on the primary stream.
· HARQ retransmissions on the secondary stream may be delayed if rank degradation occurs.
Proposal 3: It is proposed to restrict the non-scheduled transmission on the primary stream.
3.4. TSN setting
There are maximum 2 TBs per TTI (hence two TSN will be consumed per TTI) in UL MIMO operation since UL MIMO will not be operated together with DC-HSUPA, which means that there is no further TSN extension requirement comparing to DC-HSUPA. Therefore, the current TSN field length (14 bits) and TSN window size for DC-HSUPA are sufficient for UL MIMO.
Proposal 5: the TSN field length and TSN window size for DC-HSUPA are sufficient for UL MIMO.

3.5. MAC-i/is

In order to limit the UE implementation complexity and testing efforts, it is proposed to bundle UL MIMO with 64QAM together with MAC-i/is.
Proposal 6: MAC-i/is shall be bundled together with UL MIMO with 64QAM
3.6. 64QAM impacts
RAN1 agreed that a new TBS table mapping to the new E-DPDCH slot formats with 2xsf2+2xsf4 operation are needed and the number of TBS that the E-TFCI can point remains unchanged when 64QAM is configured. Therefore, from RAN2 perspective, a new TBS table fulfilling the exponential distribution for 2ms TTI needs to be defined, with the TB size range from 120 bits to 34508 bits in addition to the 18 bits TB for Scheduling Information. The TBS table optimized for fixed RLC PDU size e.g. 336 bits is not needed anymore, if MAC-i/is is bundled together with UL MIMO plus 64QAM.

In addition, a new AG table and SG table needs to be introduced for 64QAM to accommodate the increased maximum grant for 64QAM modulation.
Proposal 7: New TB Size/AG/SG tables needs to be introduced for 64QAM modulation.

4. Conclusion
In this contribution, we made a general analysis on the MAC impacts due to UL MIMO plus 64QAM. RAN2 is kindly asked to discuss and agree on the following proposals:

Proposal 1: It is proposed to double the HARQ process number to 16 and keep the synchronous HARQ scheme for UL MIMO.
Proposal 2: a HARQ process for the secondary stream should have the same activation/deactivation status as its pairing HARQ process for the primary stream.

Proposal 3: It is proposed to restrict the non-scheduled transmission on the primary stream.

Proposal 4: it is proposed to discuss the E-TFC selection procedure together with RAN1.

Proposal 5: the TSN field length and TSN window size for DC-HSUPA are sufficient for UL MIMO.
Proposal 6: MAC-i/is shall be bundled together with UL MIMO with 64QAM.
Proposal 7: New TB Size/AG/SG tables needs to be introduced for 64QAM modulation.
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