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Introduction

The scope of this contribution is to summarise the discussion that took place on documents R4-030414, R4-030415, R4-030416, R4-030417 and R4-030472.

It is proposed to include the text contained in this document in TR25.867 v1.1.0, that would eventually become v1.2.0. 

General

WDS are, altogether similar devices, capable of remotisation of the RF front-end (PA, LNA) of more dedicated Node Bs. They offer multiple Node B ports for the simultaneous support of one or more base stations, and a shared distribution mean for the placement of the RF front ends in remote locations (e.g. different rooms or floors in a building, other buildings in the neighbourhood….). The key feature of a WDS is that its infrastructure supports a distributed multi-operator and multi-carrier environment.
WDS operate simultaneously in UL and DL without detecting the signal at baseband. No UMTS carrier translation shall be carried out.
Each Node B port of the WDS should communicate with the antenna port of the Node B via conducted connection. 
Unless otherwise stated it will be assumed that the WDS’s transmitter is not equipped with diversity. For transmitters with diversity, the requirements apply to each antenna connector separately, with the other one terminated or disabled .The requirements are otherwise unchanged.

Unless otherwise stated, the interface characteristics between WDS and Node B are specified at the BS antenna connector (test port A in fig.6.1 of TS25.104 v6.0.0) with a full complement of transceivers for the BS configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used between the WDS and the Node B, then the interface will be considered at the far end antenna connector (port B) (fig. 6.1 of TS25.104 v6.0.0).
WDS are optimized for the sharing of its infrastructure among several operators/Node Bs, therefore they should be broadband and not channel selective. Manufacturers may produce channel selective WDS, but because of their application in FDD-UTRAN, they should be optimized for broadband use. 
WDS are currently widely used in 2G TDMA (e.g. GSM/GPRS) and CDMA networks without a dedicated standard.

TDD mode

For Release 6 we propose not to investigate TDD mode WDS. 

It is unknown to the authors of this document, how to construct a WDS for the UTRA TDD mode using state of the art technology. 

WDS Characteristics

The key attribute of WDS is its capability to enable the radio interface of a number of BS to be remote, and hence support a distributed multi-carrier and multi-operator infrastructure.
Figure 1 shows the two open interfaces of the WDS systems. The interface between the WDS and the dedicated Node B shall be compliant to [2]; while the interface between the WDS and the remote antennae shall be defined taking into account the impact of the WDS on the RF characteristics of the UL and DL signals. 
In the DL path it is also drawn an ancillary equipment that may be necessary to treat the signals between Node B and WDS.

[image: image1]
Figure 1: WDS interfaces

WDS is in general an active device and includes, but is not limited to, one or multiple RF front-end (LNA, MCPA), a distribution mean (splitter, combiners and propagation mean), and one or multiple ports for the conducted connection to one or multiple dedicated Node B. WDS will have typically a moderate in band gain, possible values are 15 dB in DL and 10 dB in UL.
Figure 2 shows the main functional parts of WDS.
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Figure 2: functional units of the WDS
Simulations reported in [1] have investigated the impact of the max output power of the WDS systems. The results have shown that WDS with DL max output power up to 20 dBm has an acceptable impact on the macro layer, thus the typical WDS figure presented in this subclause would probably not harm the overall network capacity. This output power is achievable with state of the art technology. 
However those are just figures suggested by the currently available technology, that should give an idea of the typical functioning of WDS, the final figures should be assessed by a dedicated research. 
If higher DL maximum output powers are envisaged, then the network planning issues for MR and LA Node Bs presented in document R4-030435 should also be studied in the WDS Study Item.

Because of the WDS will be shared among operators and/or base stations, following RF parameters shall be very critical from UTRAN standardisation point of view:
the multi-carrier behaviour, 
the co-existence and co-location protection levels, 

the intermodulation and 
out of band emissions 
Other RF parameters that may be critical for the implementation of the WDS in the FDD-UTRAN are: 
Out of band gain,
output RF spectrum emissions, 
intermodulation products, 
modulation accuracy, 
frequency error, 
ACS, 
ACLR.

Time delays and Multipaths 

Using state of the art technology, the typical delay introduced by WDS on the signals are < 5 µs. Being WDS optimized for indoor coverage, the mobility and propagation conditions will be the same as for the LA Node Bs. The delay introduced by WDS should not affect the propagation scenarios, because the Node Bs connected to the WDS cannot be simultaneously directly connected with an antenna, thus it can be assumed that all signals received will have the same additional delay due to the WDS.

Fugere 3  illustrates a case where the UE is in soft handover and receives multipath signals, both from the WDS and from an outside macro BS, located on the rooftop of a building near by. In this scenario the WDS will introduce an artificial delay and eventually some additional paths due to the vicinity of the cells. This could possibly reduce the effects from fading, but also increase the number of paths that are needed in order to capture a certain percentage of the energy and it is therefore important to have a sufficient amount of RAKE fingers in the UE’s receiver. 

However WDS are traditionally deployed to cover a smaller area compared to the macro and micro BS and the number of resolvable multipaths could therefore be lower compared to that of macrocellular deployment.
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Figure 3: Illustration of the excess multipaths that are introduced by the WDS in a scenario where the UE is receiving the signal, both from the BS and via the WDS.
Conclusions and Open Items
Conclusions:
TR25.867 should contain the results of a study that assesses whether WDS are technically feasible in 3GPP networks. It is therefore important to assess the critical RF parameters of the WDS and the impact of the WDS on the UTRAN. Also issues related to O&M and location services should be addressed.

The simulations contained in R4-030159 have presented a possible application scenario of the WDS. The results have shown that WDS with a max output power of 20 dBm have a moderate impact on the overlaying macro-layer.

In order to identify any possible impact of a communication interface between WDS and other network elements R3-011933 and SA5-010481 were discussed within RAN 3 and SA5 respectively. 

Either working group said that no impact was found on existing specs because of WDS, and it appeared that existing specifications do not prevent possible network configuration including WDS. Detail outcomes are included in TR25.867 v1.1.0. 

Open issues:

Further work is required to assess other critical RF parameters of WDS both in UL and in DL. 

Further work is required in order to address all practical issues that may arise from system integration activities. This work will require co-ordination between RAN4, RAN3, and SA5.
Problematic related to the simultaneous transportation of multiple signals should be addressed (e.g. frequency translation in the distribution mean).

Because of the WDS will be shared among operators and/or base stations, following RF parameters shall be very critical from UTRAN standardisation point of view:

the multi-carrier behaviour, 
the co-existence and co-location protection levels, 

the intermodulation and 
out of band emissions 
Other RF parameters that may be critical for the implementation of the WDS in the FDD-UTRAN are: 
Out of band gain: it shall be assessed taking into account the discussion that took place in RAN4 regarding out-of-band gain of conducted repeaters

output RF spectrum emissions, 
intermodulation products, 
modulation accuracy, 
frequency error, 
ACS, 
ACLR
References

[1] R4-030159
[2] 3GPP TSG RAN, TS 25.104 v6.0.0, UTRA (BS) FDD, Radio Transmission and reception
BS test


Port A





25.104





ATT.





ATT.





ATT.





# N





Node B 





# 2





Node B 





# 1





Node B 





WDS

































































ports











Antenna











s











’











WDS











port











Node B











s





’





WDS








BS test


port B



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































