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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.  
This contribution discusses and proposes a link level simulation framework for UL MIMO with 64QAM.
2 Simulation Framework for UL MIMO

Discussions and proposals on design options for UL MIMO with 64QAM were presented in [3]-[7]. In the subsections below we describe the simulation framework which is based on [3]-[7]. The main simulation parameters can also be found in the Appendix (Section 6).
2.1 Codeword design

A dual codeword approach with independent streams is adopted. Hence, we have independent HARQ, coding and modulation for each stream.
2.2 Physical channel structure
 The CLTD physical channel layout with a pre-coded channel structure is adopted. The primary stream is pre-coded using the primary pre-coding vector V1 and the secondary stream is pre-coded using the secondary pre-coding vector V2, where V1 and V2 are orthogonal to each other. In addition a secondary data channel S-E-DPDCH and an associated secondary control channel S-E-DPCCH are introduced.

1. The P-DPCCH, E-DPCCH, S-E-DPCCH (if applicable) and E-DPDCH are transmitted on the primary stream.

2. The S-DPCCH and S-E-DPDCH are transmitted on the secondary stream.
2.3 Codebook design 

The CLTD pre-coding framework is adopted, i.e. we consider the CLTD codebook consisting of four phase shifts and the pre-coder is updated once every TTI.

In each TTI the receiver chooses the pre-coding matrix that maximizes the received power of the primary stream and signals this matrix to the UE.
2.4 Power control

We assume a single ILPC operating on the P-DPCCH and a single OLPC targeting the quality of the primary stream. 
The ILPC updates the P-DPCCH transmit power (and hence the S-DPCCH transmit power since P-DPCCH and S-DPCCH by assumption have the same Tx power) in order to reach the SIR target, and the OLPC increases or decreases the SIR target based on the quality of the primary data stream, i.e. to fulfil the BLER target.
2.5 Rank and rate adaptation 

The main objective of the rate adaptation mechanism is to maximize throughput while keeping a fixed received Ec/N0 (fixed RoT) and a fixed BLER. 

The methodology used in the simulation framework can be described as follows:

1) Determine the grant: The grant is determined such that the Rx Ec target (RoT target) is satisfied. For rank 2 transmissions the grant is divided evenly between the two streams. Different grant update periods could be considered. 
2) Determine primary stream transport block size (TBS) and Tx power: Given the grant determined in 1) legacy procedures are used to determine the TBS associated with the primary stream and the corresponding (-values (i.e. the data transmit power). Note that we calculate two sets of TBSes and (-values, one conditioned on a rank-1 transmission and one conditioned on a rank-2 transmission, and that different power setting parameters are used for rank1 and rank2, respectively (see Section 2.8). Note also that for rank1 transmissions the entire grant is spent on the primary stream, whereas for rank-2 transmissions the grant is divided evenly between the two streams. 
3) Determine secondary stream TBS and transmission rank: Different alternatives for determining the TBS for the secondary stream can be envisioned, and used algorithms should be described in contributions. To compare different algorithms with a benchmark the following “ideal” algorithm could be considered:

Given the used power setting ((-values) the post-equalization SINR for the secondary stream is calculated. To control the quality of the secondary stream we then apply an offset to the calculated secondary stream SINR. This offset is updated dynamically to maintain the BLER target. The resulting SINR is then mapped to a TBS which is signaled to the UE.
 Transmission rank (rank1 or rank2) is determined such that the throughput is maximized.
2.6 Coding and modulation 
Two different UE categories will be considered, one MIMO with 16QAM compatible and one MIMO with 64QAM compatible.

For the UE category supporting MIMO with 16QAM (category 7) legacy algorithms for determining modulation, spreading factors, rate-matching, etc given the TBS are used. The TBS table is given by Section B.2a in [8] (2ms TTI E-DCH TrBlSize Table 2).
For the UE category supporting MIMO with 64QAM we adopt the coding and modulation modifications described in [6], i.e. essentially adding a third R-99 interleaver and 8PAM modulation. A proposed TBS table is given in Table 3 in [6] and additional beta-values are added.

We also need to ensure that in dual stream transmissions both streams use a common set of channelization codes. We propose that the channelization code set is restricted to be 2xSF2+2xSF4.
2.7 Power settings

We assume that P-DPCCH and S-DPCCH use the same transmit power, and the power is controlled via the ILPC.

Similarly we assume that E-DPDCH and S-EDPDCH (if available) use the same transmit power, i.e. the same (-values. The data (E-DPDCH and S-E-DPDCH) transmit power can be determined via legacy procedures based on the primary stream E-TFCI. Note, however, that a rank dependent TBS-to-power mapping should be employed in order to take inter-stream interference into account. This can, for example, be done by having rank dependent reference values, or similarly to apply a fixed offset for the rank2 mapping. 

We assume that E-DPCCH and S-E-DPCCH (if available) use the same transmit power. When boosting is configured, the power is determined via legacy procedures based on the primary stream E-TFCI.

2.8 Receiver structure

As a baseline receiver structure we propose to consider a MIMO capable LMMSE receiver using two or four receive antennas. Investigations employing more advanced receiver types, e.g. SIC, are optional.

2.9 Channel models

As a baseline we propose to consider the traditional channel model PA3 and optionally VA3 with independent fading between each Tx-Rx link.

As further options companies are encouraged to consider other channel model aspects such as the impact of Tx and Rx antenna correlation.

3 Time Plan for UL MIMO with 64QAM
According to the WID RAN1 is supposed to be finalized at RAN1#57 (agreed CRs provided). An overview of the 3GPP time plan is summarized in Figure 1 below. 


[image: image1]
Figure 1: Illustration of the 3GPP time plan for UL MIMO with 64QAM.
An attempt to break down the UL MIMO with 64QAM work into smaller pieces is made below:
RAN1#68 (6th -10th February) 

· Agree on time plan and simulation assumptions
· Agree on the codeword design
· Agree on the ILPC and the OLPC operation

· Initial agreements on the physical channel layout

RAN1#68bis (26th-30th March) 
· Agree on the physical channel layout including the UL control channels design
· Tentative decisions regarding the control of the secondary data stream

· Tentative decisions regarding the DL control channels layout
· Other issues

· Start drafting CRs

RAN1#69 (21th-25th May)
· Agree on the control of data quality
· Agree the DL control channels layout

· Agree on other open issues ( Preferably resolve all (most) open issues till RAN#56
· Continue drafting CRs  ( Provide draft CRs till RAN#56 
RAN1#70 (13th-17th August)
· Resolve potentially open issues

· Agree on final RAN1 specifications
4 Conclusions

This contribution has discussed link level simulation assumptions for UL MIMO with 64QAM. Furthermore we provided a time plan for the work on UL MIMO with 64QAM.
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6 Appendix
Table 1 link level simulation parameters
	Parameter
	Value

	Physical Channels
	See Section 2.2

	E-DCH TTI [ms]
	2

	TBS [bits]
	Dependent on scheduled grant

	Modulation
	QPSK, 16QAM or 64QAM depending on UE category and E-TFC selection

	Noise rise target [dB]
	Varying

	Number of physical data channels and spreading factor
	 During dual stream transmission: 2xSF2+2xSF4

Otherwise: Based on TBS and rate-matching parameters

	∆T2TP [dB] (Ratio of primary E-DPDCH power to the power of the phase reference for the primary stream)
	10dB

	20*log10(βed/βc) [dB]
	See Section 2.8

	20*log10(βec/βc) [dB]
	See Section 2.8

	20*log10(βhs/βc) [dB]
	-

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Power ratio between Secondary E-DPDCH and E-DPDCH (if rank 2 transmissions are scheduled) [dB]
	0

	Number of H-ARQ Processes
	8

	Max number of H-ARQ transmissions
	4

	H-ARQ operating point
	10 % BLER after 1st  HARQ attempt

	Number of Rx Antennas
	2, 4

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Ideal compensation

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	0 %

	Scheduling (grant) update rate
	Varying

	Scheduling delay
	Varying

	Delay for marginal loop 
	Varying

	Propagation Channel
	PA3

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	Precoder 
	Se Section 2.3

	Precoding Codebook Size
	4

	Precoding Feedback Error Rate
	0 %

	Precoding Feedback Update Rate
	1 TTI

	Precoding Feedback Delay
	3 slots
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