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1
Introduction

This document looks further into the signalling needs of the MIMO in UTRA for HSDPA as well as discusses some possibilities on how these needs could be introduced to the 3GPP specifications.
2
HS-SCCH
2.1
A need for two HS-SCCHs
With dual stream transmission the Node B transmits two HS-DSCH transport blocks on two separate sets of HS-PDSCHs. This naturally sets new requirements to the HS-SCCH signalling as it needs to be able to carry information for both transmitted streams. The simplest and most straight forward solution is to use one HS-SCCH per stream. This also gives the advantage of being able to receive one of the streams even if the control information of the other stream is completely lost.

Alternative solution would be to completely redesign HS-SCCH to support two streams.
2.2
Antenna weight signalling

As agreed in RAN1#45 in Shanghai, in order to avoid antenna verification in the UE for MIMO the antenna weights used in the data transmission are to be signalled in the downlink using HS-SCCH.. In practice the UE only needs to receive only one of the four antenna weights, the other variable weight can be calculated from that and the remaining two are constants. However, in order to preserve the stand-alone features of the two transmissions it is sensible to deliver the antenna weight separately and independently in both HS-SCCHs. Moreover the antenna weight being carried on the HS-SCCH should be the one that is used to transmit the corresponding data stream.
2.3
Adressing a larger HARQ process space
As two transport blocks are transmitted in parallel and the HARQ round trip delay is not reduced it appears obvious that in one TTI the dual stream transmission delivers data to two separate HARQ processes. We could e.g. have two HARQ process sets instead of the current one set, one larger set, or simply consider the UE having twice as many HARQ processes or that we have split each HARQ process in half, but with twice the buffer size. Nevetheless the Node B must be able to address twice as large a HARQ process space with MIMO transmission than with a single stream operation. It should also be understood that a single stream retransmission may take place after an initial MIMO transmission and thus the single stream transmission must be able to address the full HARQ process space as well.
2.4
Design options for HS-SCCH for MIMO
Given that two HS-SCCHs and three additional bits of information are needed, the most straight forward solution is to, one way or another, find room for the three bits in a HS-SCCH. Designing the system this way enables separating the two streams completely and being able to receive the other stream even if the other stream’s HS-SCCH is lost.

The HS-SCCH is divided in two parts and the new bits could be introduced either for part 1, part 2 or both. There may be some timing related advantages within the UE receiver in introducing the antenna weight information on part 1 of HS-SCCH. The HARQ process bit does not have similar timing related characteristics.
The possibibilities for adding more bits to part 1 or part 2 are,

· Increasing the coding rate and having more information bits in the same number of channel bits

· Introducing additional UE id(s) for conveying additional bits of information
· Reinterpreting some existing bits (where to find the room?)
3
HS-DPCCH
3.1
ACK/NACK

As the agreement of RAN1#45 was specifically to introduce a dual code word MIMO we have assumed that this implies that the signalling of ACK/NACK for the two streams are independent. This means that two ACK/NACK bits are to be transmitted instead of one and the bit rate for ACK/NACKs is doubled. However if the system could operate with a joint ACK/NACK for the two streams the current HS-DPCCH ACK/NACK mechanism would suffice as it is today.
3.2
CQI

The MIMO operation requires multiple CQIs to be delivered from the UE to the Node B. In order to allow the Node B scheduler full flexibility to schedule different users the UE should deliver the Node B with three CQI reports, one for the single stream and two for the dual stream.

All three are needed so that the Node B has sufficient information for MCS selection regardless of whether it chooses to use single or dual stream transmission.

Furthermore new CQI tables need to be introduced for the MIMO capable UE categories.
3.3
Design options for HS-DPCCH for MIMO

It would be relatively simple to double the HS-DPCCHs in a same way as proposed for the HS-SCCH. However addional uplink code channel per UE is not desirable from the UE PAR perspective nor from the Node B receiver resource perspective. Thus it seems evident that some other multiplexing solutions for ACK/NACK and CQI are needed.

The ACK/NACKs must be transmitted once per sub-frame, thus the straight forward solution is to use 4 code words for ACK/NACK instead of two in the ACK/NACK field. This allows transmitting two separate bits for HARQ feedback. The drawback is the need for 3 dB larger transmission power.

For CQI the situation is more open. We could try and squeeze all three CQIs in a single sub-frame or time-multiplex those over three consecutive HS-DPCCH sub-frames. Depending on the dynamic range needs the best in-between solution could be to transmit the single stream CQI in every other transmitted CQI field as the CQI is transmitted today and send the dual stream CQIs as deltas to the single stream CQI together in one CQI field.
4
Conclusions

This document briefly discussed the needs for additional L1 signalling the MIMO support introduces, as well as some of the methods of how the signalling could actually be designed. At the moment Nokia has a slight preference of introducing the antenna weights to part 1 of the HS-SCCH and putting the additional HARQ/stream indication bit to part 2 of the HS-SCCH. The differential CQI reporting requires still a further look before a decision on how many bits are actually needed can be made.
