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1.
Introduction

In the RAN WG1 #23 meeting the discussions on link level channel modelling continued and a discussion on system level simulations was initiated [1]. In this contribution we provide an operator perspective and ideas on the multiple-input-multiple-output (MIMO) utilization scenarios.

It is our understanding that any evaluation of techniques must be based on some ideas on the scenarios where and how the techniques are to be used and what they are to be optimized for. Requirements for evaluation of HSDPA and MIMO techniques are stated in [2] and [3]. We will in this contribution use them together with our own view on the usage of MIMO, and try to provide an overall goal for the introduction of MIMO techniques. The purpose is to give guidelines on the MIMO evaluation, since it can be hard to take decisions on details without a clear view of the implementation scenarios. 

We point out that MIMO techniques should be optimized for achieving significantly higher capacity and reliability for medium to high data rate services, and that the overall goal with MIMO is to strengthen the WCDMA system as the best access technique for medium data rates enabling low to medium mobility in urban and sub-urban areas.

A review of the available data on the spatial characteristics of the radio channel applicable to deployment of MIMO for the urban and suburban scenarios indicates that much work needs to be done in order to gain sufficient knowledge to allow a realistic spatial modelling of the channel to be performed.

A text proposal for the requirements section of the MIMO TR 25.876 is attached.

2.

MIMO utilization

In 3GPP the High Speed Downlink Packet Access (HSDPA) will be introduced in the specifications for Release 5, and this will enable peak data rates in downlink up to (10Mpbs in good propagation conditions. When introducing MIMO in a communication system, it is possible to increase the aggregate data rates per Node B significantly. HSDPA in combination with MIMO techniques could be able to support data rates much higher than 10Mbps. However, we do not believe that the overall goal with a MIMO introduction should be to achieve very high data rates for these good propagation scenarios. 

There are today many different access technologies for mobile users. The access technologies differ very much in available coverage, data rate, capacity etc, since they are usually designed for a specific worst-case scenario. Some systems can provide low to medium data rate services with very high mobility support, while other techniques provide very high data rates in a cost effective way, but with much lower mobility support. It seems today that one single system can not support both very high data rates and high mobility support in a cost effective way. 

With this in mind, it is clear that the usage of MIMO in combination with HSDPA transmission or in the WCDMA systems overall must work as a powerful complement to other access bearers or technologies.  In other words, MIMO should not only be optimized for indoor scenarios/propagation environments, but also for medium- and long-range (outdoor) scenarios that cannot be supported by other techniques. This would allow the provision of higher capacity and reliability for medium data rate services in urban and sub-urban areas. MIMO will then increase the number of scenarios where the WCDMA networks can provide a cost effective implementation, both for the network operator and the end user. Only by achieving this it will be possible to show a significant benefit from the utilization of MIMO.

What an introduction of MIMO should achieve is therefore to provide medium to high data rates with a much better coverage and reliability than other high data rate techniques, and to significantly improve the overall capacity in the network compared to WCDMA without MIMO usage. By accomplishing this, it will give large benefits both to a network operator and an end user, which will increase the implementation gain for MIMO systems. 

3.
MIMO scenarios

In the previous section we have indicated that MIMO should not only be optimized for indoor scenarios/propagation environments, but also for longer-range applications that cannot be supported by other techniques. Hence, what MIMO should provide to the system is a support for a significant enhancement of the capacity and reliability, and to provide medium to high data rate services in urban and sub-urban areas. By taking this information and our general view on MIMO systems, in combination with the general requirements already stated in the MIMO and HSDPA TR:s into account, we would especially like to point out the following as guidelines for further MIMO discussions and the evaluation of different MIMO techniques.

· The overall goal with introducing MIMO is to strengthen the WCDMA system as a reliable and cost effective access technique for medium to high data rate services enabling high capacity in urban and sub-urban areas. 

· MIMO techniques should be optimized for achieving significantly higher capacity and reliability for medium to high data rate services. 

· MIMO should be used for all kinds of traffic, but priority is given to interactive and background services. 

· MIMO systems should be optimized for low- to medium-speed scenarios. (Up to (50km/h.)

· A cell using MIMO will support both HSDPA and normal traffic (including voice). It should be implemented in urban and sub-urban areas with the usual interference limited scenarios as an ordinary cell. 

· The UE will most probably be of small to medium size PDA-like terminals with low-complexity MIMO structures. Hence, priority shall be given to systems with 2 UE antennas.

4.
Review of the available measurement data applicable to MIMO channel modelling
In the previous section it was stated that the MIMO scenarios of particular interest are urban and suburban areas. The current link level channel model being considered by the 3GPP specifies the distribution of the PAS and the RMS angular spread as key parameters. A review of the available experimental data based on spatial channel measurements reveals that:

· A majority of the published work has been based on the indoor environments.

· The little available information on the spatial characteristics of urban and suburban environments are mainly based on campaigns focused on the adaptive antenna applications and hence only report those related to UL.

· The Laplacian distribution reported in the literature may just be an artefact originating from the measurement and analysis procedure [4].

· These experimental data give no conclusive evidence with regard to the effect of cell size since there are no agreements between different measurements as to the relationship between the AS and path length.

· Currently there is limited knowledge of the frequency dependency of the spatial characteristics of FDD links. This could be of significance since the applications of MIMO techniques in UMTS systems are primarily intended for the operation in the FDD mode. Preliminary results presented in [5] indicate significant variation of the spatial response of channels separated by 200MHz (similar to the 190 MHz separation of the UL and DL in the UMTS FDD mode). This remark is only relevant assuming that channel information will be used.

Table 1 presents a summary of the reported experimental results available in the literature, which is intended to complement those already summarised in the COST 259 final report [6].

	Environment
	Reference
	10%
	Median
	90%

	Suburban
	[7]
	2.5(
	5(
	7(

	Suburban 

(Micro Cell with LOS)
	[8]
	-
	2.5(
	9(

	Urban
	[7]
	4.5(
	9(
	19(

	Urban
	[9]
	-
	10( (BS on rooftop)

5( (High BS)
	24( (BS on rooftop)

14( (High BS)

	Dense Urban
	[10]
	-
	12.2(
	24(

	Dense Urban

(Small Cell)
	[8]
	2(
	9.4(
	18(

	Dense Urban

(Macro Cell – High BS)
	[11]
	-
	8(
	-


Table 1 – Summary of the reported angular spread (for the UL) in the literature

Additional to the results reported above, recent trials conducted by the University of Bristol in collaboration with Telia Research and Allgon concentrated on a series of FDD measurements for dense urban and suburban scenarios [12]. Preliminary data analysis indicates that the 10 and 90 percentiles of the RMS angular spread for the dense urban environment (with a range of up to 600m) were 6( and 28( respectively with a median of 18(. For this environment, the angular spread observed for the LOS channels was 6(-7(. 

For the suburban measurements (range of 500-1200m), the 10 and 90 percentile of the RMS angular spread were 0.5( and 6( respectively with a median of 2.8(. The angular spread of the LOS measurements for the suburban area was 2(-3(. Note that these data are relevant for the UL (receiver antenna located at roof-top height).

It has to be stressed that the dynamic range of the measurement system as well as the choice of direction of arrival estimation algorithm would make a significant impact on the outcome of the angular spread estimations. The results presented above were obtained by applying the unitary ESPIRIT algorithm on the measured data with a dynamic range of 20 dB.

5.

Conclusions

In this contribution we have discussed the overall goals for an introduction of MIMO in 3GPP. Our main conclusions are that MIMO should not only be optimized for indoor scenarios/propagation environments, but also for longer-range applications that cannot be supported by other techniques. Hence, what MIMO must provide is a support for significantly higher capacity and reliability, providing medium to high data rate services with high mobility. 

This implies that MIMO techniques should be optimized for achieving significantly higher capacity and reliability for medium to high data rate services in urban and sub-urban areas.

A review of the available data on the spatial characteristics of the radio channel applicable to deployment of MIMO for the urban and suburban scenarios indicates that much work needs to be done in order to gain sufficient knowledge to allow a realistic spatial modelling of the channel to be performed. Particularly, work is needed to measure the DL characteristics of a MIMO system for the urban and suburban areas and determine the effects of clutter density and cell size on the spatial behaviour of these channels. 

Finally, a few additional points for the requirement section in the MIMO TR 25.876 is provided in the end of this document and is proposed to be included in the TR.
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Text Proposal for TR25.876

--------------------------------------------Start of Text Proposal------------------------------------------------

4
Requirements for the evaluation of techniques for Multiple-Input Multiple-Output antenna processing

The following considerations should be taken into account in the evaluation of the different techniques proposed for MIMO antenna processing.

1. The focus will be on frequency division duplex HSDPA using MIMO antenna processing techniques and on the additional or modified uplink signalling required to support MIMO.

2. Requirements for the evaluation of techniques for HSDPA will apply to the MIMO techniques unless otherwise noted.

3. Specifications which are not explicitly stated in this technical report will follow those found in the HSDPA TR.

4. MIMO proposals shall be comprehensive to include techniques for 1, 2 or 4 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.  Therefore any proposal shall cover one or more of the following antenna configurations and be restricted to only these: (1,1), (1,2), (1,4), (2,1), (2,2), (2,4), (4,1), (4,2), (4,4). Priority shall be given to systems with 2 UE antennas. 
5. For each transmit/receive antenna configuration, the transmission techniques for the range of data rates from low to high UE geometry shall be specified. 

6. The configurations of the multiple antennas at both the Node B and UE shall be specified.

7. The channel quality metric used for rate adaptation shall be specified.

8. The semantic associated with the feedback bits from the UE to Node B and the use of these bits shall be specified.

9. Higher-level signalling on both uplink and downlink at the time of call set up through RRC messaging shall be specified.

10. Real-time control and signalling bits (physical layer messages) transmitted on the downlink shall be specified.  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 information such as explicit rate (or MCS level), antenna mode, etc.

11. A description of the receiver algorithms shall be specified.

12. The impact on non-MIMO UEs shall be specified.

13. An analysis of its complexity shall be provided. 

14. The overall goal with introducing MIMO is to strengthen the WCDMA system as a reliable and cost effective access technique for medium to high data rate services enabling high capacity in urban and sub-urban areas. 
15. MIMO techniques should be optimized for achieving significantly higher capacity and reliability for medium to high data rate services.
16. MIMO systems should be optimized for low- to medium-speed scenarios.
17. MIMO shall be optimized for interactive and background services. 
---------------------------------------------End of Text Proposal------------------------------------------------

