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1
Introduction
For HSDPA, the support of MIMO was for the first time introduced in 3GPP Release 7, when dual stream transmission and reception for 16QAM HS-DSCH transmission was agreed. Since then the MIMO transmission and reception for HS-DSCH has been extended to cover 64QAM (Rel8), and dual cell operation (Rel9). The support of MIMO has always been an optional feature for a UE to support.
Since the introduction of UMTS FDD Rel99, the number of different frequency bands that UTRAN FDD can utilise in different regions has been expanded constantly. Currently TS25.101 defines 14 different frequency bands. The introduction of different frequency bands has been release independent, even though the requirements and signalling are introduced in specific release. Special requirement to support these release independent releases are captured in TS25.307.
In this document we discuss the relation between the MIMO UE capability definition and the frequency band support.
2
Discussion
As mentioned in Section 1, the MIMO support for HSDPA was introduced in Release 7. The capability signalling was defined in the RRC specification (TS25.331) in Physical channel capability IE, where by using the IE “HS-DSCH physical layer category extension” the UE can indicate its support for MIMO by indicating that the supported physical layer category is between 15-20, as defined in TS25.306.
The indication of supported different frequency bands in the RRC specification is done by using the “Frequency Band” and “Frequency Band 2” IEs included in UE radio access capability extension IE.

As the UE physical layer category is a constant definition of the UE capability independently on the different bands supported by the UE, the current signalling mandates that if the UE supports MIMO, it does it for all the Frequency Bands that it supports. 
This requirement is straightforward from the UE baseband processing capability point of view, as if the UE is capable to process MIMO transmission in the baseband on one frequency, surely the baseband is able to perform it on other frequency bands. From the baseband point of view the number of received codes, number of HS-DSCH transmission blocks, soft channel bits and supported modulation does not change. However, this requirement has significant impact on the antenna and RF requirements of the UEs, as when MIMO support is introduced the UE’s antenna and RF configurations needs to support MIMO in all bands of the UE.
When considering for example the situation that the European operators start to deploy MIMO on Band1, a typical 3G devices in Europe with global roaming capabilities i.e. supporting UTRA FDD on Band VIII (900MHz Europe), BANDII (1800MHz USA), and potentially Band VI (800MHz Japan) and Band XII (USA 700MHz), to get MIMO support for this operator deployment needs to include also antenna and RF support for all these other bands also. 

The situation would be similar in case that a USA or Japanese operator would start deploying MIMO and would prefer devices with global roaming capabilities. 

Even though it is clear that technically it is possible to implement a device that has multi antenna and RF configurations for all the supported bands, it is also clear that this requirement sets certain restrictions to the UE size and form factor. Additionally it increases testing and verification efforts and builds up additional undesired cost to the devices. 

Naturally this problem of the needed antenna and RF configurations becomes even more problematic when the first triple mode (GERAN/UTRAN/LTE) or dual mode (UTRAN/LTE) or similar terminals appear on the market. 
Therefore, it is worth asking if the requirement that if UE supports MIMO, this has to be supported on all bands, is reasonable. We need to consider what will happen in practice and in different roaming situations.
In our view, this requirement does not make really sense, especially on low frequency bands, which are used to improve UTRAN coverage and are not necessarily frequencies supporting the highest peak rates that UTRAN standards can offer. Naturally, we should not hinder this if this is desired in some market area, but requiring that if MIMO is supported it needs to be supported on each and every band is not really justified. Rather it makes MIMO technology unattractive and practical deployments of it more difficult than necessary.
To remove this constrain, we propose that MIMO support is done independent from supported frequency bands. This can be done by introducing e.g. a separate flag per supported frequency band, where the UE can indicate if MIMO is supported on that frequency band or not. This does not change the supported UE physical layer category parameters but indicates to the UTRAN on which frequency bands the MIMO can be configured in the UE.
As this additional signalling requires modifications to RRC signalling it is worth considering how this could be introduced. Two possible alternatives are:
1) The indication is added to UE radio access capability extension to indicate to each band whether MIMO is supported on that band.

2) The IE “HS-DSCH physical layer category extension” is extended to indicate for which band MIMO is supported.

In addition to the different signalling options above, we should ask ourselves for which release the introduction of this signalling should be considered. Envisioned possibilities are: 

1) Release 7 CR: As uplink messages are non-critically extended this change would affect only MIMO devices and network implementations. However, as Release 7 has been frozen for some time, this option should be considered carefully.
2) Release 8 CR: Using non-critical extensions. Possible early Release 7 implementation could be considered. 

3) Release 9 CR: ASN.1 is not yet frozen this could be done as a normal CR. Possible early Release 7 and 8 implementations could be considered. 
3
Conclusion
It is proposed to discuss to separate the MIMO support from supported frequency bands of the UE.  This separation would not change the supported UE physical layer category parameters but indicates to the UTRAN on which frequency bands MIMO can be configured in the UE.
Once RAN4 finds a way forward in this topic, Nokia volunteers to draft an LS to RAN2 indicating a view on whether it would be beneficial to separate signalling of MIMO support from signalling of supported frequency bands.
