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Discussion
1. Introduction
RAN tasked RAN2 to work on the support for rank 3 and rank 4 operations with TM3 and TM4 [1].
	RAN#68 decided that Release 10 should be target for supporting UE categories 6, 7 and higher for rank 3 and rank 4 operations for TM3 and TM4 provided that Release 10 signaling is feasible in practice. If RAN2 does not find feasible solutions for introducing the signalling from release 10, then the signalling should be introduced to earliest possible 3GPP release after Rel-10. 
It is necessary that the network is able to know whether the UE supports the new (up to rank 4 in TM3 and TM4) or existing modes or both due to limited IOT possibilities.  The intention is that the signaling supports the new feature in addition to the existing ones and not instead of the existing ones. This means that the new signaling needs to be defined per band and band combination like the existing signaling for TM9/TM10. 


In this document we discuss how the feature requested by RAN should be supported in the standard and also discuss necessary RRC signalling  
2. Discussion
2.1. Baseline UE capability
It is desirable that we do not have to have full CA band combination capability signaling for 4 layer MIMO support with TM3/4. We believe it is possible to make the assumption that support for 4 layer MIMO is always on top of 2 layer MIMO support for a particular band in a band combination. This would mean that the 4 layer MIMO support can be indicated by a flag pointing to a particular band in a band combination in the existing UE capability signalling (see below):
· SupportedBandCombination-r10 (Up to 128 band combos)

· SupportedBandCombination-r11 (Up to 256 band combos)
Proposal 1:
Support for 4 layer MIMO is always on top of 2 layer MIMO support for a particular band in a band combination.
2.2. Differentiation between TM3 and TM4
We do not think it is necessary to distinguish the support for 4 layer MIMO between TM3 and TM4. This means a single flag per band (or per CC) per band combination is sufficient.
Proposal 2:
A single flag for support for 4 layer MIMO with TM3 *and* TM4 is sufficient
2.3. Granularity of UE capability
RAN2 agreed in #90bis meeting to introduce new UE capability signalling to allow the UE to signal different UE MIMO capability for each CC in a contiguous band in release-12. The motivation was to remove the restriction of the current UE capability signalling where the UE is required to support the same number of MIMO layers for all CCs only in case of intra-band contiguous CA.
We propose take the same approach for the support for 4 layer MIMO with TM3/4. 
Proposal 3:
UE capability for 4 layer MIMO with TM3/4 is signaled per CC per band combination for both contiguous and non-contiguous CA combinations
2.4. Single carrier operation (Non-CA band capability)
4 layer MIMO with TM3/4 should be supported with single carrier operation as well. This requires so-called “non-CA band” UE capability. Additional conditions for the inclusion of non-CA bands (below, TS36.331, section 5.6.3.3) is necessary.
	-
include all non-CA bands, regardless of whether UE supports carrier aggregation, only:

-
if the UE includes ue-Category-v1020 (i.e. indicating category 6 to 8); or

-
if for at least one of the non-CA bands, the UE supports more MIMO layers with TM9 and TM10 than implied by the UE category; or 

-
if the UE supports TM10 with one or more CSI processes;


Proposal 4:
4 layer MIMO with TM3/4 is supported with single carrier operation
2.5. Combinations for support for 4 layer MIMO with TM3/4 for a single CA band combination
If a CA band combination includes multiple CCs (i.e. not a non-CA band), the UE may support 4 layer MIMO with TM3/4 in different combinations of CCs. For example in case of CA with 4 CCs = {CC1, CC2, CC3, CC4}, the support for 4 layer with TM3/4 can be represented by multiple combinations, e.g. {True, True, False, False}, {False, True, True, False}, {True, False, True, True}…..
Today the same can be signalled by the UE repeating the same CA band combination, but with different MIMO capability. We can take the same approach for 4 layer MIMO with TM3/4. That is, the UE repeats the “baseline” CA band combination in the existing signalling (as discussed in section 2.1) and repeat the new flag (discussed in section 2.2) to indicate multiple combinations.

Proposal 5:
No special signalling scheme is needed to allow the UE to signal multiple combinations for support for 4 layer MIMO with TM3/4 for a single CA band combination
2.6. Radio resource configuration
We proposed to introduce a new configuration parameter in dedicated signaling to configure the number of MIMO layers per CC.
The UE uses the signaled new parameter for:

· RI bit width determination
· Soft buffer calculation

The UE falls back to the legacy behavior if the eNB does not include the new parameter.

Proposal 6:
Introduce a new configuration parameter in dedicated signaling to configure the number of MIMO layers per CC.
3. Conclusion
In this document we discussed how 4 layer MIMO with TM3/4 should be supported in the standard and made the following proposals.

Proposal 1:
Support for 4 layer MIMO is always on top of 2 layer MIMO support for a particular band in a band combination.
Proposal 2:
A single flag for support for 4 layer MIMO with TM3 *and* TM4 is sufficient
Proposal 3:
UE capability for 4 layer MIMO with TM3/4 is signaled per CC per band combination for both contiguous and non-contiguous CA combinations
Proposal 4:
4 layer MIMO with TM3/4 is supported with single carrier operation
Proposal 5:
No special signalling scheme is needed to allow the UE to signal multiple combinations for support for 4 layer MIMO with TM3/4 for a single CA band combination
We also provided a release-10 CR to TS36.331 [2] reflecting the proposals in this document.
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