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1
Introduction

A Work Item (WI) on MIMO with 64 QAM for HSUPA was approved at RAN meeting #54 [1]. 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 FDD. The objectives listed under this work item include [1]:-
· 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.
This document discusses some of the L2 aspects of UL MIMO. In particular, we focus on the MAC layer aspects taking the dual transport block design as a building block, which was agreed upon in RAN1#68 [2]. 

2
MAC Layer Aspects for UL MIMO with Dual Transport Block Design
Layer 2 enhancements such as MAC-i/is along with flexible size RLC were introduced in Rel-8 to reduce the UE and NW processing load at high uplink data rates due to multiplexing of multiple RLC PDUs. At the same time, these enhancements reduced the header overhead and the likelihood of RLC window stalling. For a high peak-rate feature such as UL MIMO in Rel-11, it can be assumed that MAC-i/is along with flexible size RLC would be mandated. Thus, we limit the discussion on MAC layer aspects to MAC-i/is design. Of course, as part of MAC-i/is, the E-TFC selection and serving grant functions would also need to be updated to handle the dual transport block case. Each of these aspects is discussed in the following sub-sections.
2.1
MAC-i/is

With the introduction of UL MIMO with dual-transport block design, the current MAC-i/is structure can be extended in a straightforward manner as follows:

· UE continues to operate using a single E-DCH transport channel per uplink frequency

· There is one HARQ entity per E-DCH transport channel
· One HARQ process per TTI for single stream transmission and two HARQ processes per TTI for dual stream transmissions. Both processes would share the same TSN space, which is maintained per logical channel. Thus, the 6 bit TSN field in the MAC-is header would need to be extended with the introduction of UL MIMO for the case of single cell E-DCH operation. Note that for dual cell E-DCH operation, the TSN field was already extended to 14 bits and no further extension is foreseen for UL MIMO.
· Upon receiving scheduling grants via E-AGCH and E-RGCH from the NodeB, for both HARQ processes, the E-TFC selection function outputs either one transport block or two transport blocks and determines the transport block size(s) accordingly

· The multiplexing and TSN setting entity continues to be responsible for concatenating multiple MAC-d PDUs or segments of MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU to be transmitted in the next TTI, as instructed by the E-TFC selection function. 
· If the E-TFC selection decides to transmit two transport blocks then 2 MAC-i PDUs are generated and delivered to the HARQ entity

· As stated above, a single HARQ entity is responsible for handling the MAC functions relating to the HARQ protocol for both the streams. It is responsible for storing MAC-i payloads and re-transmitting them. For each stream, the HARQ entity provides the E-TFCI, the retransmission sequence number (RSN), and the power offset to be used by L1 for all the transport blocks (one or two) transmitted in a TTI. Redundancy version (RV) of the HARQ transmission in each process is derived by L1 from RSN and CFN.

The MAC-i/is architecture as currently specified is depicted in Figure 1. Based on the above design considerations, it can be seen that the structure of MAC-i/is would remain the same with the introduction of UL MIMO. It should be noted that in Figure 1, the additional E-DCH is due to configuration of a secondary uplink frequency and should not be mistaken with the secondary stream when UL MIMO is configured in a single uplink frequency.


[image: image1]
Figure 6: UE side MAC architecture / MAC-is/i details (FDD)

Figure 1: UE side MAC architecture / MAC-is/i details with Dual Cell E-DCH operation (FDD)
As is clear from above, the E-TFC selection and serving grant functionality needs to be updated to accommodate a dual transport block transmission. A high level description of each of these is described below.
2.2
Absolute Grant

For the purpose of scheduling serving grants in UL MIMO with dual transport block design, the NodeB would need to signal separate scheduling grants per stream. Each of these signaled grants would be used by the E-TFC selection function to determine a suitable transport block size (TBS) for the corresponding stream. The primary serving grant is used to determine the TBS on the primary stream and the power level on the E-DCH which is equally distributed between E-DPDCHs and S-E-DPDCHs. Here, S-E-DPDCH refers to the second E-DPDCH channel which would be transmitted on the second stream in case of dual-stream transmission. The secondary serving grant is used by the E-TFC selection algorithm only to determine the suitable transport block size for the second stream and would have no bearing on the power levels of S-E-DPDCH since this design assumes that the power on the E-DPDCHs is equal to the power on the S-E-DPDCHs. This as well as other detailed aspects of absolute and relative grants channels as well as serving grant interpretation are still currently being discussed in RAN1 [2].
2.3
E-TFC Selection

In the case when the UE is not power headroom limited i.e. the serving grants do not cause the UE to transmit at maximum output power, the E-TFC selection algorithm is rather straightforward i.e. the E-TFC for each stream is selected based on the serving grant of that stream. 

However, if the UE is power headroom limited, i.e. the serving grants cause the UE to transmit beyond the maximum UE transmit power, then some form of power and rate scaling is required to accommodate both the streams. A few options could be considered here:

· Option 1: Provide the UE enough freedom to select between single and dual streams by trying to maximize the throughput.

· Option 2: As in DC-HSUPA, scale (T/P)1 by a constant α such that the UE transmit power does not exceed the maximum UE transmit power. Note that scaling (T/P)1 determines the power levels of  E-DPDCHs, S-E-DPDCHs, E-DPCCH and S-DPCCH as well as the TBS on the primary stream. Also scale (T/P)2 by the same amount  α  to determine the new TBS on the second stream. Note that (T/P)2 is not used to determine the power levels of S-E-DPDCH but only used to determine the TBS on the secondary stream.
There are relative merits for each of the options listed above. Option 1 is optimal from a system performance perspective as it aims to maximize the UE’s throughput. On the other hand, option 2 gives the network more control and ensures predictable UE behaviour in terms of the TBS that can be transmitted on the two streams - in case the UE is power headroom limited, the UE will still transmit equal power on both streams and not be allowed to switch to single stream transmission to maximize its throughput as in Option 1. Depending upon the NW scheduling policy and hardware resource considerations, one or the other may be preferred. Again, the detailed aspects of E-TFC selection procedure are currently being discussed in RAN1 [2].
3
Summary

A high level description of Layer 2, in particular, the MAC layer is presented for the introduction of UL MIMO in HSPA. It is observed that it is straightforward to extend the current MAC-i/is architecture to accommodate UL MIMO with the dual transport block design which was agreed upon in RAN1#68 [2]. It is requested that RAN2 discuss and agree upon the following proposals, if possible:-
Proposal 1: Mandate the use of MAC-i/is with Uplink MIMO.
Proposal 2: UE continues to operate using a single E-DCH transport channel per uplink frequency with Uplink MIMO.
Proposal 3: There is one HARQ entity per E-DCH transport channel with Uplink MIMO.
Proposal 4a: One HARQ process per TTI for single stream transmission and two HARQ processes per TTI for dual stream transmissions with Uplink MIMO.
Proposal 4b: Both HARQ processes share the same TSN space, which is maintained per logical channel. 
Proposal 4c: Extend the 6 bit TSN field in the MAC-is header by 1 byte for UL MIMO when configured with single cell E-DCH operation. 

Proposal 5: The multiplexing and TSN setting entity continues to be responsible for concatenating multiple MAC-d PDUs or segments of MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU to be transmitted in the next TTI, as instructed by the E-TFC selection function. If the E-TFC selection decides to transmit two transport blocks then 2 MAC-i PDUs are generated and delivered to the HARQ entity.
Proposal 6: For each stream, the HARQ entity provides the E-TFCI, the retransmission sequence number (RSN), and the power offset to be used by L1 for all the transport blocks (one or two) transmitted in a TTI. Redundancy version (RV) of the HARQ transmission in each process is derived by L1 from RSN and CFN.
Further, we have also presented some aspects related to signaling of grants and E-TFC selection in this contribution. However, no explicit proposals are made here, as the details of these are still being discussed in RAN1.
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