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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, including:
· Specification of uplink 2x2 MIMO together with 64QAM modulation for E-DCH/HSUPA:

a. Specification of L1 aspects of uplink 2x2 MIMO with 64QAM HSUPA, including applicable channel, code and gain factor combinations

b. Specification of L2/L3 aspects of uplink 2x2 MIMO with 64QAM HSUPA

c. Specification of Iub/Iur support for uplink 2x2 MIMO with 64QAM HSUPA

d. Specification of Node B and UE requirements for an agreed set of radio conditions/environments

e. Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

· MIMO and 64QAM shall be operable together

· The functional specification should not preclude operating MIMO with lower modulation orders than 64QAM

· The functional specification should not preclude operating 64QAM without MIMO

· The new UE categories to be introduced shall include at least a category for simultaneous MIMO and 64QAM operation

a. Other UE categories (16QAM MIMO, QPSK MIMO, 64QAM no-MIMO) should be discussed during the WI
· Introducing the functionality in the relevant specifications of

a. UL data channel structure

b. UL and DL control channel structure

i. The work should focus on reusing existing structures as much as possible. 

c. L2/L3 protocols

d. UTRAN network interfaces

e. UE RF core requirements with the work task breakdown 
In this contribution, we will give some general analysis on the MAC impacts due to UL MIMO plus 64QAM.
2. RAN1 agreements
At RAN1#68, some key technical points on UL MIMO and 64QAM such as UL data/control channel structure, DL channel structure, 64QAM design, inner loop power control, and the secondary stream E-TFC etc. were fully discussed, and the agreements are captured as following:
2.1. 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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2.2. 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
2.3. 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.
3. MAC Impacts
3.1.1. HARQ process 
As per the RAN1 agreements for HSUPA 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 the HSUPA MIMO. 

Proposal 1: It is proposed to double the HARQ process number to 16 and keep the synchronous HARQ scheme for HSUPA MIMO.
3.1.2. 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.
3.1.3. 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 non-scheduled transmission on the primary stream due to the following concerns:

· The secondary stream is always weaker than the primary stream, therefore it is more reliable to transmit 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.
3.1.4. E-TFC selection
With the introduction of UL MIMO, for the single stream transmissions, the legacy E-TFC selection procedure could be reuse. However, for dual stream transmissions, several aspects need to be further considered:
· How much details on E-TFC selection should be specified in standard
In Rel-9, the E-TFC selection procedures were carefully specified for DC-HSUPA to guarantee the predicable UE behaviour. Considering UL MIMO is more complicated than DC-HSUPA, it is worth to discuss whether the same principle applies to UL MIMO. Another option is to provide the UE enough freedom to select the appropriate rank as well as the TB size on both streams to maximize the UL throughput. More evaluations should be made before the final decision. 
· UE autonomous rank fallback
In some cases, UE autonomous rank fallback is needed because UE might be unable to transmit according to the rank level indicated by the Node B due to power limitation and/or buffer limitation, because as per the RAN1 agreements, the E-DPDCHs and the S-E-DPDCHs are required be sent with equal power and sent with 2xSF2+2xSF4. In this respect maybe some kinds of rank fallback evaluation prior to E-TFC selection procedure is needed to simply the E-TFC selection procedure. 
· SG adjustment
In case of UE autonomous rank fallback, the SGs that originally used for dual stream transmission needs to be recalculated to fit the new single stream transmission to maximize the UL throughput and meet the RoT target at the Node B side. More evaluation is needed together with RAN1.
Proposal 4: it is proposed to discuss the E-TFC selection procedure together with RAN1.
3.1.5. 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.

3.1.6.  64QAM impacts
With the introduction of 64QAM, two new E-DCH TB size tables need to be defined for 2ms TTI to accommodate the increased maximum TB size, one is as per exponential distribution and the other one is optimized for 336bits (whether to reuse the same number of E-TFCI is FFS). In addition, a new AG table and SG table for 64QAM also needs to be introduced to capture the increased maximum grant for 64QAM modulation.
Proposal 6: 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 HSUPA 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: New TB Size/AG/SG tables needs to be introduced for 64QAM modulation.
5. References

[1] RP-111642, “MIMO with 64QAM for HSUPA”, Nokia Siemens Networks 
[2] TS 25.321,   Medium Access Control (MAC) protocol specification



































































































































































































1
4

_1392539276.unknown

_1392539372.unknown

_1389452492.vsd
DPCCH


E-DPCCH


E-DPDCHs


HS-DPCCH


S-DPCCH


Spread & Combined


S-E-DPDCHs


Scramble


Ant1


Ant2


Weight Selection


Determine the weight information from the downlink


Spread & Combined


S-E-DPCCH (TBD)



