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1. Introduction

In last RAN4 meeting Nokia proposed simplifications to the UE functions when UTRAN commands UE to use dedicated pilots as its phase reference. At that time RAN4 was not able to agree on simplifications and asked each parties to present further arguments to justify their opinions. In this document we provide further justifications for the proposed simplifications.

2. TErminology used in this document

In this document the following terminology is applied:

Fixed beams  – this term refers to a beamforming method in which a sector is partitioned into several "sub-sectors" or angular coverage areas (beams). Sometimes also the term "multi-beam" has been used. For example, with a 4-element antenna array the 120o-sector can be divided into 4 beams each of which covers 30o. The beam directions are fixed. The beams are often generated by analog phase shifters (eg. with an analog Butler matrix). Beams can be generated also digitally.

User-specific beamforming – this term refers to a beamforming method in which each UE is assigned a specific beam pointing to the UE direction. Thus, the beamforming weights in the BTS antenna array of a particular user are unique and independent of the beamforming weights of the other users. Since all the user beams are pointing to different directions, instead of the CPICH, the pilot symbols of the DPCCH have to be employed for channel estimation. User-specific beamforming can be implemented fully digitally or using hybrid digital/analog techniques. In 3GPP specification process the term "digital beamforming" has been loosely used as a synonym for user-specific beamforming even though the latter term is more appropriate
.

Angular spread  – this term describes the range of azimuth angles (angular aperture) from which the UE signals arrive at the base station antenna array. Difficult radio environment is often characterised by a large angular spread.

3. Main characteristics of user-specific beamforming

As mentioned above, in user-specific beamforming each UE has to use the dedicated pilot symbols for channel estimation which reduces the link performance approximately 2-3 dB compared to a case that Primary CPICH is used. The loss in link performance can be compensated by increasing the power of the dedicated pilot symbols. This leads, however, to excessive pilot overhead compared to the CPICH case and to reduced system performance. In principle, it is possible to use the Primary CPICH for the channel and SIR estimation in user-specific beamforming if the angular spread of the impinging signals at the BTS array is very small. Then the pilot symbols of the P-CPICH and DPCCH experience the same radio channel. Unfortunately, this happens only in special cases. Figure 1 demonstrates that in typical macro cell radio environments with angular spreads of only 5-10 degrees, the CPICH based channel estimation starts already to perform poorly. In such conditions more advanced channel estimators need to be applied to enhance link performance. The drawback of this approach is the increased complexity of the UE. 

4. Problem with beamforming in radio cell with large angular spread

It is well-known that beamforming in FDD systems does not perform well in radio environments which are characterised by large angular spreads [1]. Figure 2 illustrates such a radio environment which is similar to the so-called bad urban radio environment (e.g. COST 259 “Bad Urban”, see also [2] in 3GPP documentation). In user-specific beamforming the direction-of-arrival (DOA) estimation is based usually on angular power spectrum (APS) which can be calculated from the following:

P() = a()H R RH a()



(1)

where  is the azimuth angle, R is the M*M spatial correlation matrix of received M*1 signal vector, and a() is the M*1 array response (steering) vector of the uniform linear array of M elements and

a() = (1, ej, ... ,ej



(2),

where superscript T denotes transpose and

 = 2  d sin 
d = interelement spacing between antenna elements ( typically 0.5  )

 = wavelength of the transmitted signal.

Estimated uplink power spectrum reveals the DOA from which most power is arriving to the BTS antenna array but it does not indicate which is the best downlink direction. This is due to the fact that in FDD system the fading in uplink is uncorrelated to the fading in downlink. Therefore, the beam direction estimated from the uplink APS is often pointing to direction in which the downlink channel is in a state of deep fading (like in the example of Figure 2). It is clear that good match between optimal uplink and downlink beam directions is obtained only in such macro cell environments that have angular spreads smaller than the half-power beam width of the BTS antenna array.

5. User-specific beamforming in macro cells with small angular spread

It is widely accepted that the delay spread in typical macro cells is clearly smaller than 10 s: typical delay spread values in urban and suburban macro cells are in the range of 1-5 s [eg. 3]. Channel models which are based on extensive measurement campaigns define in typical urban, rural and suburban (residential) macro cells delay spreads that are at maximum 5 s. For example, typical macro cell channel models of COST, Codit, ATDMA, and ITU VehA have been designed under the assumption of low delay spreads, see e.g. [4]. This condition for delay spread requires that the BTS antenna array is placed well above the roof-top level (above the surroundings). 

Delay and (azimuth) angular spreads are correlated so that the larger the delay spread is, the larger is the angular spread [5]. For urban macro cells with high antenna positions and relatively small delay spread (1-5 s) the angular spread is typically 5 degrees [5]. In suburban/residential areas the angular spread can be even smaller [3]. From the above considerations it is evident that in typical macro cells only one narrow beam per sector is required to point to the UE direction. This holds also in the case that the UE is in softer handover (Figure 3). The only exception to this is the case in which transmit diversity is applied using two orthogonally polarised beams. Then the maximum number of beams in softer handover is four. Actually, 3GPP specification allows the exploitation of transmit diversity only with fixed beams [6]. In soft handover, assuming proper radio network planning, the typical scenario is that three beams are active; one beam from each neighbouring sector (see Figure 4). 

The current requirement for UE is that it has to support 6 radio links in the active set. The size could be 4 but due to signalling delay in a handover process the supported active set size was specified to be 6. Taking into account the feature that beams are pointed to the UE direction, the signalling delay does not play as big role as in case without user-specific beamforming. In addition since user-specific beamforming is typically applied in small angular spread environments, the supported active set size in case of user-specific beamforming can be reduced from 6 to 4.

Reducing the number of beams in softer and soft handover cases to four is reasonable also from the experiences of the transmit diversity studies. In Vehicular A channel model with delay spread of 2.5 s the gain from two-branch transmit diversity vs. single antenna transmission is in the range of 0.5-1 dB depending on the UE velocity, for example. With 4-branch Tx-diversity it is difficult to reach better performance than with 2-branch Tx-diversity in Vehicular A type of radio environment.

6. Fixed beam method vs user-specific beamforming

3GPP specification allows fluent use of smart antenna base station employing fixed beams. In fixed beam transmission multiple users are assigned to each beam. Thus each UE in a particular beam coverage area use the same beam-specific Secondary CPICH for channel estimation. For example, transmit diversity can be applied in a straightforward way in fixed beam systems. The advantages of a fixed beam system are listed below.

The advantages of a fixed beam system over user-specific beamforming:

· fully compatible with the 3GPP specification

· well-specified UE functions

· UE complexity kept at reasonable level

· allows Tx-diversity in a straightforward manner

· required UE features mandatory already for R'99

· good link and system performance due to CPICH based channel and SIR estimation

· one or several DSCH's can be applied per beam to improve the packet scheduling for shared channels (improved trunking efficiency)

· important in mobile internet applications

· different scrambling codes (primary and secondary) can be assigned to individual beams to mitigate the problem of channelization code shortage

7. Proposal for 3GPP specification

Based on discussion presented in previous sections it is proposed here that 

	· Fixed beam approach is the primary smart antenna technique for UTRA FDD

· User-specific beamforming is applied only in typical macro cells which allow the following simplifications to the UE functions:

· Maximum delay spread is 10 s

· Number of beams in simultaneous soft and/or softer handover is reduced to four 

· Transmit diversity is not applied


If these can be agreed by RAN WG4, a TS 25.133 rel-5 CR introducing delay spread requirements (10 s) and active set size requirements (4) in case of user specific beamforming can be made.
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Figure 1. Link performance in 2-path Rayleigh channel when using CPICH and DPCCH for channel estimation. Angular spread of impinging signal paths at the BTS antenna array is 6 degrees.
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Figure 2. Schematic example of the problem of user-specific beamforming in bad urban radio environment with large angular spread. Since the fading in the uplink and the downlink is uncorrelated in FDD systems the best beam direction can not be estimated from the angular power spectrum (APS) of the uplink. 
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Figure 3. In softer handover between typical macro cells only 1 beam from each sector are active in communicating with the UE since signals from the UE are seen in small angular spread compared to the half-power beam width (HPBW) of the user-specific beam. The HPBW for 8-column antenna array is approximately 15 degrees.
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Figure 4. Worst case soft handover scenario in typical macro cell environment: UE is located in the overlapping coverage area of three adjacent cells (Cells 1, 3 and 4). Due to small angular spread only three active beams are required.
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� If optimal downlink beamforming is desired, the beamforming weights of each user should be matched to the particular downlink channel. This is, however, not possible in FDD systems since the downlink channel is unknown. Therefore user-specific beamforming refers here to the beam pointing technique in which the direction of each UE is evaluated from the uplink and the corresponding beamforming weights are matched to that direction.
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