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1 INTRODUCTION

This document is intended to highlight some important issues with regard to the MIMO evolution path within RAN1 standardisation. It is believed that since RAN1 has not yet fully discussed the technical aspects of current MIMO proposals and how they may fit with regard to the objective and guidelines of the MIMO TR [1], some fundamental requirements are yet to be addressed and discussed.

The MIMO concept has been introduced in REL-6 to provide improved system capacity and spectral efficiency by deploying multiple antennas at both Node B and UE. A somewhat related concept regarding Node B antenna configuration is beamforming, which has already been approved in standardisation in REL-5 to improve system capacity, too. In one aspect, both MIMO and beamforming concepts are related to how antennas at the Node B transmit and receive UE signals to achieve greater system performance.

Hence, the intention of this document is to provide additional requirements for current and possible future MIMO proposals and to explore the areas where the MIMO concept and proposals should be aligned with beamforming, so that to ensure the MIMO approach would fit properly within the 3GPP evolution path.
2 MIMO Standardisation

MIMO WI was approved in RAN#11 (March 2001), and RAN#19 (March 2003) updated the purpose of the WI such that to improve system capacity and spectral efficiency by increasing the data throughput in the downlink.

The MIMO TR [1] specifies that the TR is meant to capture the working assumptions and evaluation criteria of the different MIMO techniques, and to describe the potential enhancements and compare the benefits of each enhancement with earlier releases for improving the performance of the dedicated/shared transport channels in DL. Referencing the SCM [2] and HSDPA [3], it indicates that each approach is to be evaluated with respect to its complexity. However, the beamforming concept has already been approved in RAN in REL-5 and it will probably be deployed before any standardised MIMO approach emerges. Therefore, RAN1 should be aware of MIMO requirements and how it could work with previously approved 3GPP features.

3 MIMO Evaluation Requirements

The MIMO WI is intended to include techniques for 1, 2, or 4 antennas at the Node B; and 1, 2, or 4 antennas at the UE. The MIMO (xNodeB_antennas,yUE_antenaas) cases {(1,1), (2,1), (1,2), (2,2), (1,4)} are to be used as reference cases for any proposal, and any proposal shall cover one or more of the following antenna configurations and be restricted to only these: (2,2), (2,4), (4,1), (4,2), (4,4).

While it seems appropriate to have a limited number of antennas at the UE, it is not so clear why a maximum of only 4 antennas has been considered at the Node B site. Although this may be justified for easier MIMO adaptation, however it is not wise to restrict this implementation dependant maximum value that could provide some system deployment advantages. The cases (8,2) and (8,4) and possibly (6,2) should be included, as these might be relevant from earlier smart antenna deployments.

It should also be mentioned that the justification of reference cases for the allowed configurations is not very clear. It should be clarified that for different proposals what case is compared to what, and how the common reference case is decided.

TR 25.876 [1] includes the requirement that the introduction of "MIMO technique shall have no significant negative impact on features available in earlier releases". It is also already accepted that the complexity issues of the new proposals need to be compared with existing solutions both at the UE and Node B; and to achieve higher number of users, more coverage and more data rate per cell, the focus should be on urban and sub-urban areas, while achieving full mobility and optimisation for low to medium speed scenarios. The general performance criterion is that given a reasonable degree of complexity, there should be significant incremental gain over the best performing systems supported in the current releases. These issues are elaborated later in this document.

4 Current MIMO proposals

From the ten listed proposals below, the first three are already included in the TR [1], while the next five were agreed to be included into the TR at RAN1#37. The last two proposals are not yet agreed for inclusion. The ten proposals are:

1. PARC (Per-Antenna Rate Control), Lucent [4, 5]

2. RC-MPD (Rate-Control Multi-Path Diversity), Nortel [6–10]

3. DSTTD-SGRC (Double Space Transmit Diversity with Sub-Group Rate Control), Mitsubishi [11–13]

4. Closed Loop MIMO for 4TX and 2RX Ante0nnas, Nokia [14–16]

5. D-TxAA (Double TxAA) for MIMO, LG Electronics [17, 18]

6. PU2RC (Per-User Unitary Rate Control), Samsung and SNU [19, 20]

7. CD-SIC V-Blast with TPRC (Code Domain Successive Interference Cancellation V-BLAST with Tx Power Ratio Control), Samsung and SNU [21–25]

8. S-PARC (Selective Per Antenna Rate Control), Ericsson [26–28]

9. Double-ASTTD with Sub-Group Rate Control, Huawei [29, 30]

10. 4Tx Open Loop – Closed Loop MIMO, Alcatel [31, 32]

A more detailed comparison of these proposals including their adaptability to beamforming is described in the Annex A.

4.1 Correlation and Antenna Configuration

Smart antennas normally have more than 2 antennas, and typically require small element spacing (½-wavelength). There are problems associated with the physical size and mounting of antenna arrays with many elements. Particularly, large element spacing causes mechanical problems such as wind, size, several housings, remote radio heads, etc. It is therefore desirable to have narrow spacing for arrays with 4 or more elements. However, using narrow spacing (½ of wavelength) could result in creating strong channel correlations between array elements, especially in macrocell environments (rural/suburban/urban). Sufficient decorrelation for a ½-wavelength antenna array may only exist in microcellular environments.

As multi-stream transmissions in MIMO rely on gains achieved from decorrelation between the different transmitted streams, the multi-stream MIMO proposals do not perform well in these situations where narrow spacing is used. All the proposals listed above, with the exception of (6) PU2RC and partly the closed-loop schemes (4, 5, 10), rely on existence of uncorrelated antennas, i.e. assuming large element spacing. As an operator might deploy smart antennas before introducing MIMO into their network, there could be significant implications if small spacing smart antenna arrays need to be replaced.

It is important that there shall be at least a MIMO option in the standard allowing for smooth migration from simple beamforming techniques.

4.2 Single Antenna UE’s

Requirements 9 and 14 of TR 25.876 [1] state, respectively:

"The impact on non-MIMO UEs shall be evaluated The MIMO technique shall have no significant negative impact on features available in earlier releases."

"MIMO techniques should demonstrate significant incremental gain over the best performing systems supported in the current release with reasonable complexity. The value added per feature and its complexity shall be considered in the evaluation."

Therefore, the single antenna terminals (non-MIMO UEs) should still be able to benefit from antenna gains due to multiple antennas on the Node B side, or at least not to suffer from introducing MIMO. In other words, in the case of MIMO proposals supporting beamforming single antenna UEs would still benefit from beamforming/diversity gains.
5 Antenna Array Migration

The current antenna deployment at the Node B has been in the form of either 2Rx/1Tx or 2Tx diversity. It is possible to improve the cell coverage by increasing the receiver antennas to 4Rx. To further migrate and hence enhance the antenna configuration, the following possible scenarios can be assumed:

Scenario 1: MIMO will be introduced first, i.e., multiple antennas are deployed at the UE side before Node Bs are equipped with smart antennas. In this case, the antenna configuration at the Node B will be as described above, with 2 or possibly 4 widely spaced antennas at the Node B.

Scenario 2: So far the current standard does not offer a hook for deploying Tx diversity configurations of more than two antennas. An alternative option for improving capacity is to deploy smart antennas at the Node B with a typical combination of 6Rx/6Tx or 8Rx/8Tx. This configuration will typically be small element spacing (½-wavelength), since large spacing would require fast feedback – such as for closed loop Tx diversity – to achieve antenna gain on the downlink. This could result in needing a high capacity feedback channel when more than two antennas are deployed, or alternatively expecting some degradation for higher UE velocities. It should also be noted that the current concept of “cell portion” is defined for fixed beamforming with small element spacing, e.g., using the well established concept of Butler matrices for beamforming. A simple RRM algorithm and a channel estimation based on S-CPICH would suffice for this scenario.
Scenario 3: To save space and yet take advantage of diversity, this option is to deploy cross-polarized antenna arrays at the Node B. An example would be a 2x4 array combination where the 4-section contains small element spacing, and each has two polarizations. Combinations of the above beamforming mechanism with current R99 Tx diversity may also be a typical future configuration (see [33]).
When considering the current MIMO proposals under these scenarios, the following basic effects must be expected:

For the 1st scenario, no problem exists with low number of Tx antennas and for the wide angular spread environments. However, problems arise with a larger number of Node B antennas (e.g. 4Tx/2Rx) and/or LOS-like scenarios. In these situations the PARC based techniques would have to switch off most antenna elements, a problem that is the same as with the 2nd scenario.

For the 2nd scenario, there are significant problems. The STTD components do not yield any gain (no diversity available, no antenna gain per definition), and PARC-based methods would have to switch off more and more antenna elements resulting in unbalanced usage of PA’s. As an example, an 8Tx/2Rx array combination in LOS-like scenario would switch off 7 antennas (for the MIMO user). Hence, there would be no benefit from the deployed multiple antennas.

The 3rd scenario halves the above problems by using either double Diversity or double spatial multiplexing, but still suffers from significant performance degradation.

6 Other Backward Compatibility issues/Requirements
Although it is expected that the receiver implementation should not be fixed in the standards, it should be described whether the feedback information assumes a specific UE receiver implementation, i.e., it should be CQI based rather than SNR. Also the feedback schemes should be very clear in terms of the type of feedback used (SNR, CQI, etc.), and the amount of feedback required (CQI per antenna, CQI per beam, SNR per possible antenna permutation in PARC, etc.)

As for channel estimation, no antenna gain is provided on omni CPICH, and separate P-CPICH on each Node B antennas is a waste of power. Also the performance of channel estimations based on dedicated pilots (not present in HSDPA) is rather poor in low SNR. It is, therefore, advised to follow the concept of beamformed S-CPICH.

Other important issues that should not be forgotten are:

· RRM (cf. beamforming and cell portion, etc.)

· The fact that single antenna UE’s should still be able to benefit from multiple Node B antennas as explained in section 4.2.

· Moreover, a better conclusion could be reached when system level results are presented considering SCM, together also for suburban environments with ½-wavelength array.

7 Conclusion

This document has highlighted the MIMO evolutionary path and discussed the requirements that should be satisfied for a working MIMO solution. It has argued that

· The relation between the already established REL-5 beamforming concept and the present MIMO REL-6 WI is important with significant consequences. It is critical to observe backward compatibility. 
· Single antenna terminals should also benefit from multiple antennas.
· As for antenna numbers, higher number of antenna cases should be included, e.g., 8x2.
· As a way forward, it is important to leave, at least one option for allowing migration from a simple beamforming technique to MIMO.
· There is some room for better clarity of the current MIMO proposals, in particular with relation to the feedback strategies.
· It is advised that a MIMO approach should not be in such a way to require fixing the UE receiver structure.
· Finally, it would be beneficial to have system level results where also suburban environment and small antenna spacing have been considered.
8 Text Proposal for TR 25.876 v1.5.0 section 4
2. MIMO proposals shall be comprehensive to include techniques for 1, 2, or 4, 6, or 8 antennas at the Node B and 1, 2, or 4 antennas at the UE. In this document, we will use the notation (x,y) to denote a system with x Node B antennas and y UE antennas. At least one of the cases (1,1), (2,1), (1,2), (2,2) or (1,4) shall be considered as reference for comparison of a MIMO proposal. Any proposal shall cover one or more of the following antenna configurations and be restricted to only these: (2,2), (2,4), (4,1), (4,2), (4,4), (6,1), (6,2), (6,4), (8,1), (8,2), (8,4). If (2,2) is supported by the proposed MIMO technique, then these simulation results must be included.

TEXT OMITTED

7. The operation of a MIMO technique shall be described in sufficient detail to straightforwardly determine what changes to UTRA are needed to include the technique. Detailed descriptions of aspects that are specific to the technique shall be provided, including transmit and receive algorithms, physical layer signalling, and control. A MIMO approach shall not require fixing the UE receiver structure.
TEXT OMITTED

9. The impact on non-MIMO UEs shall be evaluated. The MIMO technique shall have no significant negative impact on features available in earlier releases. Therefore, the single antenna terminals shall still be able to benefit from antenna gains, or at least not to suffer from introducing MIMO.
10. An analysis of its complexity shall be provided compared to  existing solutions (both UE’s and nNode B’s), especially in terms of RF complexity, memory requirements, requirements on UE size, computational complexity, algorithm (hardware) reusability, signalling requirements.  An analysis of migration from earlier releases to MIMO should also be provided in terms of, for example, antenna configurations and techniques. When deciding about the final MIMO concepts for the standard, at least one option for allowing migration from a simple beamforming technique to MIMO shall be standardised.
TEXT OMITTED

15. The operation of MIMO techniques should be described in sufficient detail to enable realistic link calibration and system level performance studies. Such realistic simulations should include effects such as delay, channel estimation error, signalling error and pilots. Also system level results should be considered, which also include suburban environment and small antenna spacing that could significantly contribute to channel correlations.
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Annex A
MIMO Proposals Comparison

The current MIMO proposals promise significant performance gains. However, there are also some other criteria that needs considering. Table 1 below summarises the current MIMO proposals and compares the specific properties of each technique. The relevant issues covered within this table are described here:

· Extendibility to More than 4 Antennas: An important issue for MIMO is the antenna migration from earlier smart antenna configurations. It is desirable to have a possibility to be able to migrate a beamforming configuration with multiple antennas (e.g. 8) to a corresponding MIMO configuration without cancelling previously attainable beamforming gains. The possibility of extendibility of antennas is indicated in the table below in the corresponding column.

· P-CPICH per Antenna Required: In situations where P-CPICH instances are transmitted omnidirectionally, power requirement demand is very high. The more transmitter antennas are used, the higher the required power. However if S-CPICHs are used instead, beamforming gains could keep the total power demand constant. The corresponding column in the table below indicates if P-CPICH is assumed for each antenna (no beamforming gain with one omni-directional P-CPICH) and hence creating a power budget problem.
· Potential Gain in Correlated Scenarios: There are problems associated with the physical size and mounting of large number of arrays. It is therefore desirable to have narrow spacing for arrays with 4 or more elements. However, using narrow spacing (½ of wavelength) could result in creating strong channel correlations between array elements, especially in macrocell environments (rural/suburban/urban). Sufficient decorrelation for a ½-wavelength antenna array may only exist in microcellular environments. As multi-stream transmissions in MIMO rely on gains achieved from decorrelation between the different transmitted streams, the multi-stream MIMO proposals do not perform well in these situations where narrow spacing is used. On the other hand, MIMO proposals that are capable of beamforming may still perform well in these situations. The corresponding column in the table below indicates if the proposal has good performance in these correlated scenarios.
· Gain for Single-Antenna UEs: As we interpret the current TR, the introduction of MIMO techniques should not have any impact on non-MIMO UEs, and also no significant negative impact on features introduced in earlier releases. It also mentions that, the general MIMO performance should be significantly better than the best performing systems supported in the current releases. Single-antenna UEs are not necessary old UEs, indicating that an assumption that all UEs will be supporting MIMO would not be accurate. In the case of schemes with beamforming capability, early release UEs having a single antenna would still benefit from beamforming/diversity gains. The corresponding column in the table indicates if the gain for single-antenna UEs is more or less for a particular MIMO technique.
· Required Antenna Configuration at the Node B: As mentioned earlier it is important for MIMO schemes to have a capability for migrating from earlier smart antenna deployments. The required antenna configuration at the Node B could be either narrow-spaced or wide-spaced, with a possible cross-polarisation combination. If a MIMO scheme relies on uncorrelated channels, it will then require wide-spaced antennas if more than two antennas are used (possibly cross-polarised). In this case if the arrays becomes too big, there will be some antenna mounting problems. Moreover, some narrow-spaced beamforming configurations may be deployed before any MIMO deployment making the mentioned MIMO configurations not upward compatible. The corresponding column indicates which antenna spacing a scheme requires.

· Power Balancing: In correlated scenarios, some antennas may have to be turned off for too low SINR. This could create problems with power balancing of the PA’s.

· Space Division Multiplexing Gain: The potential multi-stream gain of the proposal depends on the way the multi-stream combining is performed. It also depends on the number of antennas, N, used. The gain could be in the order of N, N/2, or none.

· Beamforming Migration: It is quite important to identify the evolutionary path from the already established smart antenna feature to the current MIMO configuration, and the proposals should indicate if they provide such a deployment path. Referring to the column “Required Antenna Configuration at the Node B”, the proposals are here classified in terms of modification or extension to be compatible to beamforming.
Abbreviations Used in Table 1:

BF  …………………Beamforming

CL  …………………Closed Loop Tx Diversity (as in R99)

N   ………………….Number of Node B Antennas

OL ………………….Open Loop Tx Diversity (as in R99)

PARC ……………...Per Antenna Rate Control

PC ………………....Power Control

SDM ……………….Space Division Multiplexing (spatial multiplexing)

SVD ………………..Singular Value decomposition


	Scheme
	Proposing Company
	Extendable to More 

than 4 Antennas?
	P-CPICH per Antenna Required?
	Potential Gain in Correlated Scenarios
	Gain for Single-Antenna UEs
	Required Antenna Configuration at the Node B
	Power Balanc-

ing
	SDM Gain
	BF

Migration
	Other Comments
	

	1
	PARC
	Lucent
	Practically No
	Yes
	None
	None
	Wide-Spaced
	Bad
	N
	Not possible
	Purely PARC based

	2
	RC-MPD
	Nortel
	Practically No
	Yes
	None
	2 OL
	Wide-Spaced
	Bad   (pairwise)
	N
	Not possible
	“Widely linear” (~OL)

	3
	DSTTD-SGRC
	Mitsubishi
	Practically No
	Yes
	None
	2 OL
	Wide-Spaced
	Bad  (pairwise)
	N/2
	Not possible
	OL

	4
	CL MIMO (4Tx, 2Rx)
	Nokia
	No (velocity!)
	Yes
	6dB BF gain
	4 CL

(full)
	Wide/Narrow-Spaced
	Good
	1 

(none)
	Not possible
	No “real MIMO”

	5
	D-TxAA
	LG Electronics
	Practically No
	Yes
	3dB BF gain
	2 CL
	Pairwise Wide-Spaced
	Bad  (pairwise)
	N/2
	Not possible
	CL, PC per antenna! 

UNCLEAR

	6
	PU2RC
	Samsung and SNU
	Practically No
	Yes

(may be?)
	May be?

(xdB BF gain)
	?? (full)
	Wide/Narrow-Spaced
	Good
	1?
	May be?
	No “real MIMO”, SVD 

UNCLEAR

	7
	CD-SIV V-BLAST with TPRC
	Samsung and SNU
	Practically No
	Yes
	None
	None
	Wide-Spacing
	Bad
	N
	Not possible
	Purely PARC based

Per Code PC!

	8
	S-PARC
	Ericsson
	Practically No
	Yes
	None
	None
	Wide-Spaced
	Bad
	N
	Not possible
	Purely PARC based 

UNCLEAR

	9
	Double-ASTTD
	Huawei
	Practically No
	Yes
	None
	2 OL
	Wide-Spaced
	Bad  (pairwise)
	N/2
	Not possible
	OL (CL?)

UNCLEAR

	10
	4Tx OL-CL
	Alcatel
	No (relies on R99 methods)
	Yes
	3dB BF gain
	2 OL +

2 CL (full)
	Pairwise Wide-Spacing
	Good
	1

(none)
	Not possible
	No “real MIMO”

OL + CL


Table 1 MIMO Proposals Comparison
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