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Introduction

This document is a revised version of Tdoc R1-01-0724 [8] that was presented at the RAN WG1 plenary on June 26, 2001.  [8] was discussed in detail at the ad hoc on MIMO.  This document contains the consensus of the ad hoc on the requirements and working assumptions for the future work on MIMO.

Motivation 

 The Multiple Input Multiple Output (i.e., multiple transmit and multiple receive), i.e., MIMO antenna technology has already been included as a working item within HSDPA for the upcoming Releases in UTRAN. Lucent Technologies as well as other 3GPP participating companies have analyzed and proposed different algorithms and design approaches for this new technology [1]-[4]. Each of these proposed MIMO scheme has been designed to meet independent and thus different sets of requirements set forth by the proposing party. Instead of having this seemingly fragmented and inefficient way of evaluating different contributions, a minimum set of requirements is proposed in this contribution seeking convergence in future MIMO proposals.  In addition to serving as requirements for HSDPA in Release 5, these could also serve as requirements for any future MIMO work associated with either HSDPA or other features of UTRAN.

As a part of the requirements, we also specify some of the MIMO specific simulation parameters that shall be followed in order to facilitate comparison in a meaningful manner of the different MIMO proposals.  The performance metrics expected from the different simulations are also indicated. In Section 2 the requirements are presented and in Section 3 a summary of proposals is given.

   Requirements

Table 1 summarizes the requirements for the DL-MIMO effort including requirements and working assumptions for simulation and comparison.  These are in addition to the simulation parameters given in the HSDPA feasibility report.  Exceptions to these working assumptions will be considered if demonstrated in the proposal.

Item
Requirement
Comment

Number of Antennas (# @ NodeB x # @ UE)
Base case (1x1), 1x2, 1x4, 2x1, 2x2, 2x4, 4x1, 4x2, 4x4
Antenna configuration to be specified by proponent

Feedback bits on UL
Max 2 bits/slot, 4% Error Rate
Feedback bits are incremental to HARQ, and includes Channel Quality Metric (Need to be specified in proposal) and antenna mode indication (if needed)

Power Fraction available
70%


Fractional Recovered Power
98% per Receive Antenna


Channel Model
Initially 1 Path Raleigh and IID
Use test cases as specified in the MIMO channel model

Doppler
Base case 3 Km/h and optionally 30 Km/h


MCS
A limited combination (~5) of modulation level and code rate yielding a data rate per code per Tx antenna branch spanning full range
Max rate over 4x4 (~21.6 Mbps).

SF and maximum number of codes available for MIMO
16 and 10 respectively


TTI
Fixed (3 slots)
For MIMO we will use only fixed. Note WG1 is studying this issue.

Scheduler
As in HSDPA Feasibility report


Table 1  Summary of requirements and simulation working assumptions for DL-MIMO technology

  Focus

The main focus of the current phase of MIMO proposal should be enhancements to the downlink (DL) HS-DSCH. It is important to restrict attention to this case to standardize a MIMO option for HSDPA, which is focused currently only on the DL.

Minimal modifications to the Up Link (UL) will be required to incorporate any signaling/control information in support of DL MIMO.

 Antennas

(a) Any complete MIMO proposal (for the DL) should be comprehensive to include transmit and receive options for 1, 2 or 4 antennas at Node B and 1, 2, or 4 antennas at the UE. In other words any proposal should cover one or more of the following cases and be restricted to only these:

(b) 1 Tx, 1 Rx (Base case)

(c) 1 Tx, 2 Rx

(d) 1Tx, 4 Rx

(e) 2 Tx, 1 Rx

(f) 2 Tx, 2 Rx

(g) 2 Tx, 4 Rx 

(h) 4 Tx, 1 Rx

(i) 4 Tx, 2 Rx

(j) 4 Tx, 4 Rx

The antenna configuration itself will be based on the specific transmission technique employed.

 Feedback Bits


 The HS-DSCH scheduling at Node B requires feedback bits from the UE (on the UL) to indicate the DL channel quality. It has not been specified as yet how many bits will be used and how the bits are to be interpreted whether as an actual description of the “channel quality” or as a “recommended MCS” scheme from a table of MCS schemes. In the rest of this document we shall use the term "channel quality" to refer to either one that may be the preferred choice (could be proposal specific).  With MIMO it is not clear that a channel quality indication in terms of C/I will be adequate. Furthermore, the available feedback bits may be used for both the purpose of rate selection, and for antenna related feedback such as the phase information for closed loop transmit diversity, or antenna mode selection (if multiple modes are needed and different modes are to selected under different conditions). To allow for such possibilities it is best to treat the feedback bits abstractly as Physical Layer “messages” that allows the Node B to make the choice of rate and antenna transmission mode. With this approach only the total number of feedback bits needs to be specified along with the interval between such transmissions on the UL.  It is important to restrict the amount of feedback to a small fraction of the reverse link throughput thereby minimizing the overhead required on the UL. We propose that all MIMO proposals shall be restricted to a maximum of 2 bits per slot (i.e., one PCG of 0.667 ms) of feedback information for channel quality and antenna information. Note that these bits could be used jointly over multiple slots to indicate a message. Also the bits specified here do not include the bits required for signaling for hybrid ARQ, such as ACK/N-ACK bits.

MIMO technology may either employ open loop or closed loop modes.

We propose that an error rate of 4% be used for the feedback bits.

Feedback Delay

In HSDPA, total round-trip feedback delay of  7 slots has been used.  Each proposal shall include a timing diagram to justify the value of round-trip feedback delay if a different one from 7 slots.

  Power fraction

HSDPA power fraction of 70% shall be used for data as specified in the WG1 TR.  This is assumed to be the maximum that is available for the shared channel.

Fractional recovered power (FRP)

FRP of 98% is specified in the TR. This translates to a specified maximum instantaneous "C/I" per receive antenna. This should be taken into account in all simulations at the link level and system level. Note that receive antenna combining can result in instantaneous "C/I" higher than prior to receive antenna combining. The parameters specified in the WG1 TR for system simulations should be used to determine the Ior/Ioc distribution for MIMO system simulations. 

Channel Model


The comprehensive channel model specified in [6] as modified by RAN WG1 shall be used for MIMO simulations.  Initial simulations should focus on the 1 path Rayleigh, IID channel as most of the HSDPA simulation work has focused on this channel scenario.  Additional, but limited number of test cases agreed in the MIMO channel model shall also be used.  As a base case vehicle speed of 3Km/hr should be used.  Optionally 30 Km/hr can also be used.

 Range of Rates

All the rates proposed for MIMO should be limited to the following combination of  modulation and coding.

Case
Modulation
Code Rate

MCS-1



MCS-2



MCS-3



MCS-4



MCS-5



These can be employed in a code division or time division manner (on each code on multi-coded transmission) for HSDPA and on a per transmit antenna basis.  Thus on an aggregated basis, different rate tables for different antenna Proposals/Configurations is possible.

SF and Maximum number of code channels

A Spreading factor of 16 shall be used as per the HSDPA work.  A maximum of 10 out 16 such codes can be used for the MIMO shared channel.

TTI

WG1 is evaluating both fixed or variable TTI for HSDPA.  However for the purpose of MIMO analysis and comparison a fixed TTI of 3 slots should be used.

 Simulation Results


While eventually MIMO schemes will be combined with the H-ARQ schemes it is expected that because of complexity the initial simulations will not incorporate the H-ARQ aspects. Hence we propose that three sets of simulations be done - link, single-user throughput, system. 

Link-level simulations are performed to obtain frame error rate Vs Ior/Ioc curves for any of the proposed transmitter and receiver options.

Since HSDPA will operate under adaptive coding, modulation and antenna mode selection, we propose that a “single-user throughput” link-level simulations are also performed to obtain throughput results. In this simulation, wherein an infinite buffer of data is used, a large number of frames with time-varying fading as in a standard link-level simulation is simulated. However, the MCS and antenna mode is chosen for each frame based on the simulated uplink feedback information from the receiver. Then the total number of bits successfully transmitted in a simulation run consisting of a large number of frames normalized by the total number of frames gives an estimate of the throughput achieved by the complete proposal.  Further, in such a simulation it is necessary to guarantee that no more than 10% of all the frames simulated are in error in order for the throughput to be meaningful in the absence of any hybrid ARQ.  These single user throughput should be given as a function of the geometry of the user.

System simulations to obtain performance metrics such as Packet Call, Service, OTA etc. should be performed according to the system simulation assumptions (traffic model, etc.) in WG1 TR.

 Additional Proposal Specifications

1. 
The proposal shall specify

2. The channel quality metric that is used for rate adaptation.

3. The rate table/antenna mode for each number of transmit and receive antennas configuration

4. The semantic associated with the feedback bits that are fed back from the UE to Node B and how they are used.

5. What higher-level signaling (both UL and DL), if any, is required at the time of call set up through RRC messaging.

6. Real-time control/signaling bits (physical layer messages) transmitted on the DL.  These bits are ancillary information to the traffic channel (e.g., HS-DSCH) that will be used by the UE in properly decoding the traffic channel transmitted by Node B.  The information contained in it could included items such as explicit rate (or MCS level), antenna mode, etc.

7. A description of the transmitter and the receiver algorithms employed.

8. Assess the impact on non-MIMO UEs if any.

9. Complexity of the transmitter and receiver algorithms if perceived to be significantly complex

· Open Issues

· The MCS levels (section 4.6) needs to be chosen and specified.

Conclusion

In this document we have described requirements for a MIMO Technology and assumptions and criteria for conducting evaluations on various proposals.

Disposition

This document will be included in the TR on MIMO Technology.
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Annex I

Summary of proposed schemes
We present a brief summary of some of the MIMO schemes that have been presented in  WG1 so far [1], [2], [3], [4], [5], [7].

 I.1
Open loop transmit diversity for (2,N) where N = 1, 2, 4


Space-time transmit diversity (STTD) that has been standardized in Release 99 can be used for HSDPA for 2 transmit and 1 receive antenna directly. It can be extended to any number of receive antennas directly by applying maximum ratio combining at the receiver.

I.2
Open loop beam-forming for (2,N), (4,N) where N = 1,2,4


The uplink received signal by Node B is used to determine angle of arrival/covariance matrix information from which the beam forming weights on the downlink are determined.  This scheme requires no feedback from the UE for beam forming.

I.3
Closed loop transmit diversity (TxAA)  for (2,1) and (4,1)


In this scheme channel phase and/or amplitude information is fed back to the node B which then weights the signals transmitted from the different antennas resulting in beam forming and diversity gains.  The performance depends on the level of feedback available. Techniques for reducing the level of feedback required have also been proposed.

 I.4
Selection transmit diversity  (STD)  for (2,N) and (4,N) where N = 1,2 or 4

         In this scheme the feedback information is used for antenna selection as opposed to applying beam forming weights.  Antenna selection generally requires fewer feedback bits than TxAA. 

I.5
Eigen beam-forming  (M, N) where M = 2 or 4 and N = 1,2 or 4.


This scheme is based on a combination of open loop beam forming technique with the aid of feedback bits from the UE to determine the antenna weights for the different antennas to transmit the downlink signal. When multiple receive antennas are also available, the feedback bits corresponding to the strongest eigen mode are usually chosen.  Multiple eigen modes can also be chosen for transmission. 

I.6
Code Reuse  (2,2), (4,2), (4,4)

 
When multiple antennas are available at the both the transmitter and the receiver higher data rates can be achieved by transmitting independent information on the different transmitter antennas using the same OVSF Walsh code. The receiver can separate the streams based on some spatial interference cancellation technique. This approach allows very high data rates to be achieved without increasing the constellation size.  
In this scheme the information bits are first encoded and interleaved and then de-multiplexed across the transmit antennas. 

I.7
Double STTD for (4,2) and (4,4)

In this scheme the concept of code reuse is combined with the concept of STTD to transmit two streams over 4 antennas where each stream is encoded using a space-time block code for second order diversity. This technique was presented in WG1 in [4] and also in [5].

I.8
Combination of Schemes

Note that, like double STTD, it is possible to use combinations of other technologies such as Code-reuse and STD. For example, the STVC scheme in [7] combines open loop and close loop transmit diversity schemes and transitions from one to the other smoothly as the mobile speed increases. It is expected that a complete MIMO proposal will typically incorporate several of these options since different options will be superior under different channel conditions and C/I.
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