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1
Introduction
In RAN#68, it was agreed to support 4-layer MIMO also for TM3 and TM4 starting from the earliest release possible, as indicated by the LS R2-153023. In particular, the LS states the following:

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.
In this document, we discuss how to introduce the signalling and report the results of offline e-mail discussion between various companies concerning the matter.

2
Support of 4-Layer MIMO in Current Specifications 

Currently, the DL MIMO layers a UE supports for a band combination are determined by two parameters: The UE category, and the band combination-specific indication supportedMIMO-CapabilityDL-r10. So far 4-layers with TM3/4 has only been possible for UE categories 5 & 8. For all other cases, support of more layers than two has been reserved for TM9 and TM10 usage.

The issue with more MIMO layers than two is the rank indicator: Currently the rank indicator is determined implicitly by the UE category, except for TM9/10 for which it may be determined based on the band combination-specific capability. This is noted also in TS36.306, as shown below (from Rel-10 version of the specification):

	4.3.4.7
supportedMIMO-CapabilityDL-r10
This field defines the maximum number of spatial multiplexing layers in the downlink direction for a certain band and bandwidth class in a supportedBandCombination supported by the UE.
The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category (without suffix) in the UE-EUTRA-Capability IE is only applicable to transmission mode 9.


Hence, it is clear this aspect also needs to be modified to allow 4-layer MIMO for other UE categories than 5 & 8. 

3
Introduction of the signalling for 4-layer TM3/4 

When starting the discussion on 4-layer TM3/4, there are three aspects to consider:

· Capability signalling for the 4-layer TM3/4: As per RAN instructions, it should be ensured that a UE is not required to support TM9 or TM10 to support 4-layers for TM3/4. Therefore, it is clear that a new capability indication is required to allow network to know whether UE supports the 4-layer TM3/4.

· Release for changes in signalling: As per RAN instructions, RAN2 should decide the earliest feasible release for introducing the new feature.

· Signalling changes in RRC: Finally, RAN2 should decide how to implement the required signalling changes in ASN.1 in a backward-compatible manner that also allows early-implementability.

The RAN LS was sent to RAN1, RAN2 and RAN4, therefore RAN2 should also inform of those groups after having decided how to implement the signalling in RAN2 specifications. In particular, it is expected that the RAN1 specifications will refer to the parameter names decided by RAN2, so the LS to RAN1 should indicate those.

Proposal 1: RAN2 should indicate in LS to RAN1 how the signalling is designed. 

4
Summary of Offline Discussion 
3.1
Basic issues discussed 

Since, several companies were involved in the offline summary, the purpose here is to summarize the issues already discussed and (partially) concluded. The following points have been considered:

1. Release from which to introduce the signalling

2. Separation of TM3/4 and TM9 capabilities for 4-layer MIMO

3. Interaction with the e-mail discussion [90#01] on signalling extensions for MIMO/CSI capabilities for intra-band contiguous CCs

4. ASN.1 Structure of UE capability indications for 4-layer MIMO with TM3/4

5. ASN.1 structure for the RI indicator to enable 4-layer MIMO for TM3/4 

The following table summarizes concisely the changes expected to various specifications:

	Specification CR
	Affected section
	Summary of required changes

	36.306
	4.3.4.7
	To allow the support for more layers than given by the ue-Category in TM3 and TM4

	
	4.3.4.x
	New section for UE capability IE (e.g. fourLayer-TM3-TM4)

	36.331
	6.3.2
	New IE to enable rank 4 for TM3 and TM4

	
	6.3.6
	New IE for UE capability for 4-layer TM#/4

	36.212
	5.2.2.6
	RI bit width determination

	
	5.1.4.1.2
	Nsoft and KC determination


Table 1. Summary of expected specification changes due to 4-layer MIMO for TM3/4

In the following sections, we present the summary and consensus (if any) on each of the items based on the offline conclusions. 

3.2
3GPP Release for signalling
The instructions from RAN are quite clear: The signalling is expected to be implemented from Rel-10 onwards if feasible in practice. 

In the offline discussion, several companies consider that it is feasible to introduce the signalling from Rel-10 onwards, with no company indicating technical issues with this. Therefore, we propose to go with the RAN guidance on this.
Proposal 1: The signalling to enable 4-layer MIMO with TM3 and TM4 shall be introduced from Rel-10 specifications.

3.3
Separation of TM3/4 and TM9 MIMO capabilities 

In the offline discussion, as per the RAN guidance, companies have proposed to reuse the existing supportedMIMO-CapabilityDL in band combination –specific capability indications to indicate also UE MIMO capability for TM3/4. However, companies have also stated preference for having a separate indication for TM3/4 and TM9, to ensure there is no compatibility issues. So far consensus has not been achieved, but it seems that the latter approach would always work. Therefore, RAN2 should at least discuss whether it can be seen agreeable.
Proposal 2: Consider introducing a new IE for indicating 4-layer MIMO capability for the TM3/4 use.
3.4
Interaction with e-mail discussion [90#01]
The e-mail discussion [90#01] was triggered to allow more flexibility for UE capability signalling for intra-band contiguous cases, i.e. to allow UE to indicate different number of MIMO layers or CSI processes for different CCs in case of intra-band contiguous band combinations. During RAN2#90, it was agreed that this change should be introduced from Rel-12 onwards abd the CR to introduce the separate capabilities it was agreed after e-mail discussion [90#01]. However, during RAN#68 it was discovered (see RP-151023) that it still wasn’t possible to control the RI in all cases, so the e-mail discussion [90#01] was resuscitated to continue until RAN2#91.

Hence, in offline discussion some companies proposed that the capability for 4-layer MIMO should be combined together with the intra-band contiguous discussion, given the commonalities. However, given that the issues stem from totally different use cases and apply for different scenarios, as shown below:

	Feature
	Per CC MIMO/CSI UE capability for intra-band contiguous
	4 layer MIMO with TM3 and TM4

	Applicable TMs
	TM9 and TM10
	TM3 and TM4

	UE capability
	Indicated per CC, and up to 8 layers
	Per ? (TBD), and yes/no for 4 layers


	Network configuration
	Per CC, and up to 8 layers
	Per ? (TBD), and yes/no for 4 layers


Table 2. Differences between 4-layer MIMO to TM3/4 and the intra-band contiguous capability discussion
Therefore, some companies considered it safer to agree to the CRs separately. This seemed to be agreeable, with the only question being whether the intra-band contiguous CRs should also be introduced from Rel-10 onwards, or from Rel-12 as originally agreed. Also, it was noted that  
Proposal 3: The 4-layer MIMO with TM3/4 is introduced in independent CRs from the CRs introducing capability flexibility for intra-band contiguous cases.
Proposal 4: Discuss further how to handle the capability indications for intra-band contiguous CC.
3.5
ASN.1 for UE capability indications 

In addition to the already-discussed separation of TM3/4 and TM9 MIMO layer indications, it was discussed whether there was a need for IOT reasons to separate the TM3 and TM4 capabilities of 4-layer MIMO. Some companies have stated it should be fine to have just one capability bit, which would then indicate that UE has been tested with 4-layer MIMO with both TM3 and TM4. However, this naturally depends on the RAN5 test cases and IOT availability: Bundling the bits together should not delay deployment of either TM3 or TM4 with 4-layer MIMO.

Proposal 5a: If there are no IOT issues with 4-layer TM3 or TM4, introduce a single bit for indication support of 4-layer MIMO with TM3 or TM4. 

Proposal 5b: If IOT issues exist, the capability bits for 4-layer TM3 and TM4 should be separated.
Proposal 5c: Discuss whether the capability signalling should be per band per band combination or per band entry in band combination.
3.6
ASN.1 for RI indicator for TM3/4 

For the RI indicator activating the use of 4-layer MIMO for TM3/4, all companies in agreed that a single indicator per serving cell is sufficient. Further, it was seen beneficial to have as much similarity to the intra-band contiguous CC discussion as possible. Again, this has some conflict with the intra-band contiguous CC discussion which should be resolved during the CR implementation phase.
Proposal 6: Introduce network indicator that tells UE to use 2-bit RI for a serving cell when configured with TM3 or TM4.

However, during the discussion there were some differences whether the indication should be done as an addition to the CQI-ReportConfig IE or to the AntennaInfoDedicated IE. Further, it was discussed whether the use of dummies should be avoided (as has so far been done in LTE RRC), and how to extend Rel-10 via the late non-critical extensions.
4
Conclusions 

This document has discussed the introduction of 4-layer MIMO for TM3/4 based on an offline discussion with various companies. As a result of this discussion, we propose the following: 
Proposal 1: The signalling to enable 4-layer MIMO with TM3 and TM4 shall be introduced from Rel-10 specifications.

Proposal 2: Consider introducing a new IE for indicating 4-layer MIMO capability for the TM3/4 use.

Proposal 3: The 4-layer MIMO with TM3/4 is introduced in independent CRs from the CRs introducing capability flexibility for intra-band contiguous cases.

Proposal 4: Discuss further how to handle the capability indications for intra-band contiguous CC.

Proposal 5a: If there are no IOT issues with 4-layer TM3 or TM4, introduce a single bit for indication support of 4-layer MIMO with TM3 or TM4. 

Proposal 5b: If IOT issues exist, the capability bits for 4-layer TM3 and TM4 should be separated.

Proposal 5c: Discuss whether the capability signalling should be per band per band combination or per band entry in band combination.

Proposal 6: Introduce network indicator that tells UE to use 2-bit RI for a serving cell when configured with TM3 or TM4.

The CRs showing an example (with the capability per band per band combination) how to incorporate these changes can be found in R2-153608, R2-153609, R2-153610, R2-153611, R2-153612 and R2-153613.



