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1 Introduction
RAN#54 started a work item (WI) on MIMO with 64QAM for HSUPA (see [1]). The RAN1 part of the WI is planned for completion at RAN#57 (September, 2012). The WI initialization was a result of extensive studies regarding potential benefits and solutions performed during the study item (SI) phase; see [2] for a summary of the findings.  
In this contribution we discuss some design aspects related to the HARQ and retransmission functionality for UL MIMO with 64QAM.
2 HARQ & Retransmission Functionality for UL MIMO with 64QAM
During RAN1#68 it was agreed to adopt a structure using two independent transport blocks without interleaving across streams for UL MIMO. Furthermore there is one ACK/NACK per TB, effectively doubling the number of HARQ processes. Also it was proposed to use the E-HICH to convey two HARQ-ACKs in the downlink by assigning two signatures to each MIMO capable UE. Hence, one signature is used to convey the HARQ-ACK for stream one and another signature is used to convey the HARQ-ACK for stream two. In this section we will discuss possible HARQ and retransmission design choices. Some considerations that are discussed are:
· The preferred rank condition may change from the time of the original transmission and a retransmission.

· We should avoid switching HARQ processes between streams since then we would essentially have to introduce a HARQ identity similarly as for the DL MIMO. This would mean that UL and DL control channels need to be re-designed (E-DPCCH and E-HICH).
· How new data should be allocated whenever one stream needs to be retransmitted; based on old or most up-to-date grant.
2.1 Retransmission procedures during constant rank1 transmissions 

The discussion here targets the scenario when rank1 transmissions are preferred and the rank condition does not change from the time of the original transmission and a retransmission. This case equals legacy transmissions and no changes or issues regarding HARQ retransmissions can be foreseen.

2.2 Retransmission procedures during constant rank2 transmissions 

The discussion here targets the scenario when rank2 transmissions are preferred and the rank condition does not change from the time of the original transmission and a retransmission. Some comments on the design alternatives follow below:

· Retransmissions should use the same stream as the original transmission employed. This in order to avoid switching HARQ processes between streams.

· If booth streams need to be retransmitted then simply retransmit data on the same stream as the original transmission employed.
· If only one of the streams need to be retransmitted then one question is whether we should continue transmitting with rank2 or retransmit using rank1. If we continue to transmit with rank2 then another question is how to allocate data to the other stream, i.e. if it should be based on the old grant or the must up-to-date grant.

· In order to avoid switching HARQ processes between streams it seems most natural to continue transmitting with rank2. Results also indicate that the performance is rather insensitive to these design choices; see Section 6.
· If the primary stream needs to be retransmitted then how do we allocated data on the secondary stream.
· If the secondary stream needs to be retransmitted then how do we allocated data to the primary stream. This will affect how the Tx data power is assigned.
2.3   Retransmission procedures for rank1 to rank2 switches
The discussion here targets the scenario when the preferred rank condition has changed from rank1 to rank2 from the time of the original transmission and a retransmission. Some comments on the design alternatives follow below:

· Two main alternatives exist

· Alternative 1 - use rank1 for the retransmission.

· Alternative 2 – use rank2 for the retransmission.

· Alternative 1 seems simpler than Alternative 2. For example, one question for Alternative 2 is how to allocate data to the secondary stream, i.e. if it should be based on the old grant or the must up-to-date grant. One problem is that it might actually be impossible to transmit with rank2 since the data that needs to be retransmitted uses a TBS based on a spreading factor set not compatible with the rank2 SF2+SF4 constraint. 
2.4 Retransmission procedures for rank2 to rank1 switches
The discussion here targets the scenario when the preferred rank condition has changed from rank2 to rank1 from the time of the original transmission and a retransmission. Some comments on the design alternatives follow below:

· If booth streams need to be retransmitted then simply retransmit data on the same stream as the original transmission employed.

· Different design alternatives for the case when only one stream needs to be retransmitted can be envisioned, for example

· Alternative 1 - use rank1 for the retransmission.

· Alternative 2 – use rank2 for the retransmission and re-send both NACKed and ACKed data on the same streams as the original transmission.
· Alternative 3 – use rank2 for the retransmission and re-send the NACKed data on the same stream as the original transmission. Send new data on the remaining stream.

· Alternative 1 is not preferred since this may mean that HARQ processes need to be switched between streams.

· Alternative 3 may potentially increase the throughput but it also has some problems. For example, in theory this approach may result in that the rank never changes from rank2 to rank1 due to a retransmission “ping-pong” effect. Another question is how to allocate data to the secondary stream, i.e. if it should be based on the old grant or the must up-to-date grant. 

· From a performance point of view the alternatives seem to perform very similar; see Section 6.
2.5 Summary
Based on the discussion in the previous sub-sections we propose the following working assumptions.
Working assumption: As a working assumption we propose to take the following points into consideration:
· If a previous rank1 transmission needs to be re-transmitted but the preferred rank has changed to rank2, then re-transmit the data using rank1.

· If a previous rank2 transmission needs to be re-transmitted but the preferred rank has changed to rank1, then transmit data using rank2 and either
· re-transmit NACKed data on its original stream, and re-send previously ACKed data on its original stream, or
· re-transmit NACKed data on its original stream, and send new data on the remaining stream, where the new data is based on the old grant

Further details are for FFS.
3 Conclusions
This contribution discussed some design aspects related to the HARQ and retransmission functionality for UL MIMO with 64QAM.
A summary of the proposals are given below:

Proposal: As working assumptions we propose to take the following points into consideration:

· If a previous rank1 transmission needs to be re-transmitted but the preferred rank has changed to rank2, then re-transmit the data using rank1.

· If a previous rank2 transmission needs to be re-transmitted but the preferred rank has changed to rank1, then transmit data using rank2 and either

· re-transmit NACKed data on its original stream, and re-send previously ACKed data on its original stream, or

· re-transmit NACKed data on its original stream, and send new data on the remaining stream, where the new data is based on the old grant

Further details are for FFS.
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5 Appendix

In this section we show some initial performance results related to the HARQ retransmision procedures. The simulation assumptions are based on [3].
In the figures the legends correspond to

· M1 – reflects what method that is used for handling HARQ retransmissions procedures for rank1 to rank2 switches. M1=1 corresponds to using rank1 for the retransmission, and M1=2 corresponds to using rank2 for the retransmissions. 
· M2 - reflects what method that is used for handling HARQ retransmissions procedures for rank2 to rank1 switches. M2=1 corresponds to using rank1 when one stream needs to be retransmitted, M2=2 corresponds to using rank2 when one stream needs to be retransmitted and re-send both the NACKed and ACKed data, and M2=3 corresponds to using rank2 when one stream needs to be retransmitted and send new data on the ACKed stream.
Figure 1 and Figure 2 show results for a scenario where we have an initial BLER target equal to 50%, and Figure 3 and Figure 4 show results for a scenario where we have an initial BLER target equal to 10%. The results indicate that the performance is rather insensitive to the HARQ procedure approach. Most of the differences can be attributed to link adaptation effects. One thing to notice is that due to HARQ constraints we might end up with an increased percentage of rank2 transmissions.
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Figure 1
 Results showing percentage of rank2 transmissions (x-label = 0); percentage of occasions where a previous rank1 transmission needs to be retransmitted and the preferred rank has changed to 2 (x-label = 1); percentage of occasions where the second stream for a previous rank2 transmission needs to be retransmitted and the preferred rank has changed to 1 (x-label = 2). This is a scenario with a high initial BLER target.
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Figure 2
 Results showing throughput as a functions of measured Rx power.
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Figure 3
 Results showing percentage of rank2 transmissions (x-label = 0); percentage of occasions where a previous rank1 transmission needs to be retransmitted and the preferred rank has changed to 2 (x-label = 1); percentage of occasions where the second stream for a previous rank2 transmission needs to be retransmitted and the preferred rank has changed to 1 (x-label = 2). This is a scenario with a low initial BLER target.
[image: image6.png]1

-
N

-
N

Throughput [Mbps]

6

o

o

——M1=1, M2=1
——M1=1, M2=2
—e—M1=1, M2=3

6 7 e M1=2, M2=1

-+ M1=2, M2=2

4 -<--M1=2, M2=3
4 10 12 14 16 18 20

Measured Rx Ec/NO




Figure 4
 Results showing throughput as a functions of measured Rx power.












































































































































































































































































































