3GPP TSG RAN Meeting #31


   












Tdoc RP-060134
Sanya, China, 8th – 10th March 2006




Agenda Item:
9.18.3.2

Source: 
Philips

Title:
UE Capabilities for E-UTRA in respect of Number of Receive Antennas
Document for:
Decision

1 Introduction

The use of MIMO techniques for UTRA LTE was discussed during RAN1#44. One particular issue raised was how to interpret the requirements in TR 25.913 with respect to the number of receive antennas to be assumed at the UE. 

Some companies expressed the view that the study phase for LTE should only consider the case of 2 or more receive antennas at the UE, and that two Rx antennas at the UE should be considered mandatory. 

Other companies suggested that UE’s with only one receive antenna should also be considered. Since no consensus was reached on this point, this document has been prepared in order to discuss some of the issues in more detail and make some proposals for the way forward.

2 Requirements

For reference we include extracts from TR25.913, with the relevant sections highlighted:

	6.1
Peak Data Rate

E-UTRA should support significantly increased instantaneous peak data rates. The supported peak data rate should scale according to size of the spectrum allocation.
Note that the peak data rates may depend on the numbers of transmit and receive antennas at the UE. The targets for downlink (DL) and uplink (UL) peak data rates are specified in terms of a reference UE configuration comprising:

a)
Downlink capability – 2 receive antennas at UE
b)
Uplink capability – 1 transmit antenna at UE
For this baseline configuration, the system should support an instantaneous downlink peak data rate of 100Mb/s within a 20 MHz downlink spectrum allocation (5 bps/Hz) and an instantaneous uplink peak data rate of 50Mb/s (2.5 bps/Hz) within a 20MHz uplink spectrum allocation. The peak data rates should then scale linearly with the size of the spectrum allocation.
In case of spectrum shared between downlink and uplink transmission, E-UTRA does not need to support the above instantaneous peak data rates simultaneously.


	7.1
User throughput

All the targets below are important, however the cell edge targets are significant since they impact the dimensioning of the network and help deliver a more uniform user experience across the cell area. For these reasons, and considering that the average throughput and spectral efficiency will benefit significantly from MIMO and improved orthogonality whereas cell edge performance might not, the cell edge targets are more challenging than the average throughput and spectral efficiency.

The upper limits of the target ranges should also be given serious consideration in order that E-UTRA is as competitive possible.

Downlink

-
Target for user throughput per MHz at the 5 % point of the C.D.F., 2 to 3 times Release 6 HSDPA.

-
Target for averaged user throughput per MHz, 3 to 4 times Release 6 HSDPA Both targets should be achieved assuming Release 6 reference performance is based on a single Tx antenna at the Node B with enhanced performance type 1 receiver in UE whilst the E-UTRA may use a maximum of 2 Tx antennas at the Node B and 2 Rx antennas at the UE.


	7.2
Spectrum efficiency

E-UTRA should deliver significantly improved spectrum efficiency and increased cell edge bit rate whilst maintaining the same site locations as deployed today. 

Spectrum efficiency needs to be significantly increased as followings:

Downlink
In a loaded network, target for spectrum efficiency (bits/sec/Hz/site), 3 to 4 times Release 6 HSDPA This should be achieved assuming Release 6 reference performance is based on a single Tx antenna at the Node B with enhanced performance type 1 receiver in UE whilst the E-UTRA may use a maximum of 2 Tx antennas at the Node B and 2 Rx antennas at the UE.


	11.2
Complexity requirements for UE

The E-UTRA and E-UTRAN Requirements should minimize the complexity of the E-UTRA UE in terms of size, weight, battery life (standby and active) consistent with the provision of the advanced services of the E-UTRA/UTRAN.
For these requirements, the following shall be taken into account;
a)
UE complexity in terms of supporting multi-RAT (GERAN/UTRA/E-UTRA) should be considered when considering the complexity of E-UTRA features. 

b)
The mandatory features shall be kept to the minimum. 

c)
There shall be no redundant or duplicate specifications of mandatory features, or for accomplishing the same task.

d)
The number of options shall be minimized. Sets of options shall be realizable in terms of separate distinct UE "types/capabilities". Different UE "types/capabilities" shall be used to capture different complexity vs. performance trade-offs, e.g. for the impact of multiple antennas.


3 Discussion of Requirements on Number of UE Receive Antennas 

It is clear from the first three extracts (6.1, 7.1 and 7.2) that there is an expectation that the requirements in the downlink in terms of peak data rate, user throughput, and spectrum efficiency can only be met with two Rx antennas at the UE. Therefore the main the focus of the LTE Study Item should be on the case of 2 (or more) receive antennas at the UE. 

However, it is not clear that these requirements rule out UE’s with a single receive antenna.

Furthermore, section 11.2 indicates that the system should support a range of UE capabilities and types, and that the impact of multiple antennas should be considered. In order to allow a wide range of terminal types, then the possibility of a single Rx antenna at the UE should be supported by the specification. Some specific examples could include:

· Low-end, low cost devices with only one receiver chain

· Small devices where two antennas cannot be physically accommodated 

· Multi-band terminals where it is not cost-effective or physically attractive to provide two antennas and associated electronics for all the supported frequency bands (particularly for operation at low carrier frequencies)

· Terminals designed only for operation low frequency bands 

In considering the above bullets, it is worth noting that sub-clause 8.1 of TR25.913 states that E-UTRA shall support a standalone deployment scenario, and some LTE UE’s could therefore be envisaged which support only basic services.  

Therefore we propose that the EUTRA should be optimised for UE’s with two receive antennas but also support UE’s with one receive antenna. 

4 Discussion of Requirements on Number of MIMO Streams

A further issue which arises is whether it can be assumed that all UE’s with two Rx antennas can necessarily receive two MIMO streams, or at least do so in all circumstances.  For example, a UE may have two antennas (and receive chains), but in some conditions use one of them for some other purpose (e.g. measurements on a different carrier frequency).  

As a further example, a low-end UE may be capable of Rx diversity, but not have sufficient hardware resources to receive two MIMO streams. 

Therefore we propose that EUTRA be designed such that not all UE’s with two (or more) Rx antennas are always required to use both of them, and not all UE’s with two (or more) Rx antennas are required to be capable of receiving two MIMO streams. 

These considerations suggest that at least the essential control channels (e.g. synchronisation channel and broadcast control channel) should be designed such that they can be received with only one antenna. This implies that any transmit diversity techniques (such as would be applied to these channels) should also be required to operate effectively with a single receive antenna.

5 Conclusion and Proposed Way Forward for EUTRA

It is, at least in principle, possible that two Rx antennas at the UE could eventually become mandatory in EUTRA. However, such an assumption goes beyond the current requirements in TR25.913, and it is too early to adopt such an assumption for the LTE study phase.

Therefore we propose the following:

· The requirements relating to the number UE receive antennas, as currently stated in 25.913 do not need to be altered.

· The evaluation of transmission techniques for the DL should focus on the case of two Rx antennas at the UE.

· The system should also support UE’s with a single Rx antenna.

· The evaluation of transmission techniques for the DL (and in particular Tx diversity) should also consider the case of a single Rx antenna at the UE.

For MIMO:

· The evaluation of MIMO techniques for the DL should focus on the case of UE’s which have the capability to receive two MIMO streams.

· It is not assumed that all UE’s with two antennas will have the ability to receive two MIMO streams.

































































































