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1 Introduction

At RAN#59, RAN1 was asked to discuss whether it is required to support the possibility to have a UE capability indicating that the UE supports TM10 in one band in a band combination, and not in another band in the same band combination. RAN2 can, if required by RAN1, add a "n0" codepoint to the signalling, which is considered a backward compatible change from UE ASN.1 point of view.

If there is consensus in RAN1 is that there is a significant additional implementation complexity for supporting TM10 in all bands in a band combination, then a new codepoint “n0” may be added in a new ASN.1 version; otherwise no additional work is required.
2 Support of TM10 and CA in Rel-11
TS36.331 [1] currently defines the signalling of UE capability for TM10, as agreed in RAN1, per band per band combination:
supportedCSI-Proc

Indicates the maximum number of CSI processes supported on a component carrier within a band. Value n1 corresponds to 1 CSI process, value n3 corresponds to 3 CSI processes, and value n4 corresponds to 4 CSI processes. If this field is included, the UE shall include the same number of entries listed in the same order as in BandParameters.
The current signalling means that if a UE supports TM10, then that UE supports TM10 on all bands in the same band combination, with at least 1 CSI process for each band.
2.1 Fragmentation of UE types

Since the first version of Rel-11 ASN.1 is officially frozen, LTE Rel-11 will support at least TM10-capable UEs of type A and UEs of type B or C for the first release of Rel-11 ASN.1, as described below.
Table 1 - Type A UEs supporting 1, 3 or 4 CSI processes
	A1
	UE supporting TM10+CA (TM10 supported on all bands)
	Rel-11 ASN.1v1

	A2
	Non-CA capable UE supporting TM10
	Rel-11 ASN.1v1


Depending on the UE capability discussion at RAN#60 and the decision whether 1 CSI process is mandatory or optional, Rel-11 will also support type B UEs (1 CSI process not mandatory) or type C UEs (1 CSI process mandatory) in addition to type A UEs:

Table 2 - Type B UEs and type C UEs supporting 0 or 1 CSI process
	B1
	CA-capable UE not supporting TM10
	Rel-11 ASN.1v1

	B2
	non-CA capable UE not supporting TM10
	Rel-11 ASN.1v1

	C1
	UE supporting TM10+CA with 1 CSI process on each CC
	Rel-11 ASN.1v1

	C2
	non-CA capable UE supporting TM10 with 1 CSI process
	Rel-11 ASN.1v1


Defining signalling for indicating that a UE supports TM10 in one band in a band combination and not in another band in the same band combination would introduce a type D UE (possibly with impact on the support of type B or C). Note that whether this type D UE is mandatory or optional, and its relation with one or multiple CSI processes, would be for further discussion at RAN#60.
Table 3 - Type D UEs supporting 0, 1, 3 or 4 CSI processes per band
	D
	UE supporting TM10 in one band in a band combination and not in another band in the same band combination
	Rel-11 ASN.1v2


Since type D UEs can only be introduced with a new backward-compatible ASN.1 release, it means that type D cannot be a mandatory feature for Rel-11 UEs. Defining type D UEs is therefore not compatible with the possible definition of 1 CSI process as a mandatory feature for all Rel-11 UEs. Therefore, the possible benefits of introducing type D UEs should first be studied, and if justified the necessity of introducing type D UEs should be discussed jointly with 1 CSI process as a mandatory feature.
Observation 1: defining a UE type that supports TM10 on a single band in a band combination would lead to more fragmentation of the UE market and further complicate discussions on UE capabilities.
2.2 Scenario for supporting CoMP on a single CC for a CA-capable UE

During the course of the Rel-11 CoMP WI, there was some discussion for supporting CoMP on a single component carrier [2]. This feature was been discussed in relation to the timely completion of the WI. However, it was later agreed that CoMP can be supported on all component carriers and the WI was completed with full support of CoMP on all component carriers. Operators in particular did not believe that CoMP should be restricted to a single component carrier, as cell edges exist on all component carriers. This decision is consistent with the history of LTE, where any TM is supported on all component carriers, at least up to Rel-11 where all component carriers are of the same type.
Another relevant question about type D UEs is which band in a band combination would support TM10? The band would likely not be fixed by UE manufacturers who would not know which band to choose for supporting CoMP in a certain band combination, since the network would be able to support CoMP on any band. So the UE would have to signal multiple capabilities for each band combination, where the different capabilities indicate the codepoint "n0" for different bands, resulting in higher signalling overhead.

Observation 2: The presence of UEs that support TM10 on a single band in a band combination would not provide any benefit for the network, but only increase the capability signalling overhead and increase the complexity of RRM for such UEs.
2.3 UE complexity analysis

In this section we compare UE complexity reduction solutions for a CA UE that supports TM10 on at least one band with one or multiple CSI processes. One solution is to support no TM10 CSI process on another band, i.e. to support TM9 with Rel-10 CSI feedback. The other solution is to support TM10 on the other band but to limit the UE capability to one CSI process. 

There is no additional complexity burden of supporting at least one TM10 CSI process on multiple CCs in different bands if TM10 is already supported on one band, as for type D UEs, since TM10 has no impact on peak throughput. The minimum set of TM10 features that a UE would need to support on each band in addition to features supported for TM9 are:
· UE-specific scrambling of DMRS and CSI-RS: similar as for UL CoMP (mandatory in Rel-11), it is trivial to implement UE-specific scrambling of RS by simply replacing the physical cell ID by a RRC-configured virtual cell ID in the initialization of the scrambling sequences.

· CSI-IM (IMR): as long as a UE implements CSI-IM measurements for one band, it is trivial to also support these measurements on all bands. Note that CSI-IM measurements are in fact a simplification of legacy interference measurements since CRS cancellation is no longer required.

· Quasi co-location: the impact on UE implementation is low for 1 CSI process where the synchronization reference just needs to be semi-statically adapted for QCL type B (either use the serving cell’s CRS or a neighbour cell’s CRS for frequency tracking, as configured by RRC).
From the RF perspective, semi-static switching of synchronization reference is already supported for RRM measurements. Time synchronization needs to be performed on the NZP CSI-RS in TM10. It is possible to implement time tracking on CSI-RS simply by timing adjustments after the FFT [3]. Interference measurements on CSI-IM are also performed after the FFT, so there is no impact on RF. Basically the UE complexity for TM10 with 1 CSI process is similar as for TM9.
Observation 3: the difference in UE complexity is trivial between supporting TM10 with 1 CSI process on all bands in a band combination compared to supporting TM9 on all bands and TM10 in just one band.

3 Conclusions
This paper discussed the possible need to define a type of CA-capable Rel-11 UE that supports TM10 in one band in a band combination, and not in another band in the same band combination. After analysis, it was concluded that this type of UE would bring no benefit to the system performance but only increase the the capability signalling overhead and increase complexity of RRM for such UEs. It was also observed that defining this type of UE with an additional ASN.1 version of Rel-11 would fragment the UE market and further complicate discussions on Rel-11 UE capabilities with respect to the number of CSI processes. Finally, it was observed that the difference in UE complexity is trivial between supporting TM10 with 1 CSI process on all bands in a band combination compared to supporting TM9 on all bands and TM10 in just one band.
Based on these conclusions, the following is proposed:
Proposal: a Rel-11 UE that supports TM10 shall support TM10 on all bands according to the signaled UE capability per band per band combination. If 1 CSI process is decided at RAN plenary to be mandatory in Rel-11, it should be mandatory for both non-CA capable and CA-capable Rel-11 UEs.
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