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1 Introduction  
At RAN1#82bis meeting, there were some discussions on transmission mode for EBF/FD-MIMO, while no conclusion was made. In this contribution, we provide our analysis on transmission mode to better support new EBF/FD-MIMO features. 
2 Discussion on transmission mode for FD-MIMO
The EBF/FD-MIMO WI [1] focused on CSI-RS enhancement, CSI measurement/report enhancement, SRS enhancement, and DMRS enhancement of 2D antenna array. The corresponding new features or specification impacts of this WI mainly include:  
· New CSI-RS pattern for 12, 16 ports 
· New codebook applied for 2D antenna array
· Beamformed CSI-RS based resource configuration (e.g. CSI process and CSI-IM enhancement)
· CSI reporting class A for non-precoded CSI-RS 
· CSI reporting class B for beamformed CSI-RS

· Measurement restriction
· Additional DMRS ports to support 4 orthogonal MU layers
· New DCI signalling of additional DMRS indication 
· SRS capacity improvement 
There are two alternatives for the transmission mode consideration for Rel-13 EBF/FD-MIMO:
· Alt 1.   Define a new TM for EBF/FD-MIMO 
This alternative is to introduce a new transmission mode dedicated for EBF/FD-MIMO. The new TM would include all the new EBF/FD-MIMO features listed above. The benefit of this alternative is that all the new features are located in one TM other than distributed over different TMs, which is helpful from specification reading perspective. In addition, it can avoid introducing some additional RRC parameters and signalling for the existing TMs if the new features are added in the existing different TMs. However, it is questioned that in the new TM what functionality all the new FD-MIMO features are based on. From our perspective, if a new TM is defined, the new TM shall include the functionality of TM9 and TM10 in addition to the new FD-MIMO features, which can be configurable by RRC. It is not preferred that the new TM only supports the functionality of TM10 and all the new FD-MIMO features. The reason is FD-MIMO feature is not necessary only associated with CoMP operation. 
· Alt 2.  Enhance existing TMs to incorporate applicable EBF/FD-MIMO features
This alternative introduces new applicable EBF/FD-MIMO features to the existing transmission modes. Based on the above list of new EBF/FD-MIMO features, it can be seen that most of Rel-13 EBF/FD-MIMO enhancements concentrate on CSI-RS, SRS, and DMRS. Thereby Alt 2 may be considered for TM 8, TM 9, and TM 10.
TM 8 is mainly used for the TDD case. SRS enhancement features including additional UpPTS symbols and combs 4 can be used for TM 8 to achieve performance improvement. Therefore, it is beneficial to support SRS enhancement features of FD-MIMO in TM 8. 
TM 9 and TM 10 are based on CSI-RS based channel/signal measurement, DMRS based demodulation, and CSI-IM based on interference measurement (for TM10). In Rel-13, the measurement and demodulation schemes for TM9/10 may be further improved based on the outcome of EBF/FD-MIMO WI. 
For TM 9, the FD-MIMO enhancement features for single cell can all be used. At least the following new features except for multiple CSI processes and CSI-IMR can be supported: 
a) 12/16 ports’ CSI-RS configuration 
b) 2D new codebook for  8, 12, 16 ports
c) CSI report class A 

d) CSI report class B with K =1
e) Up to 4 orthogonal MU layers and new DCI signalling for additional DMRS ports
f) SRS capacity enhancement

g) Measurement restriction
For TM10, for the FDD case, all CSI-RS and DMRS related features developed in this WI can be used. In addition, SRS capacity enhancement features can also be applied for TDD case. Therefore, all new features for FD-MIMO can be introduced for TM 10. It seems natural to adopt the new EBF/FD-MIMO enhancement features into TM 10. 
a) 12/16 ports’ CSI-RS configuration 
b) 2D new codebook for  8, 12, 16 ports
c) CSI report class A 

d) CSI report class B with K >=1
e) Up to 4 orthogonal MU layers and new DCI signalling for additional DMRS ports
f) SRS capacity enhancement

g) CSI  process extension and CSI-IM enhancement

h) Measurement restriction
In this alternative, new Rel-13 FD-MIMO features can be configured by higher layer signalling. For example, a new table for additional DMRS port indication had been agreed at last meeting, it can be considered to configure this new table to Rel-13 UEs by higher layer signaling.
For Alt.2, , the new FD-MIMO features added in TM 8, TM 9, TM 10 are summarized in Table 1..
Table 1 New FD-MIMO Features added for TM 8, TM 9 and TM 10 
	
	TM8
	TM9
	TM10

	Support of 12/16 ports
	X
	√
	√

	CSI reporting Class A
	X
	√
	√

	CSI reporting Class B K=1
	X
	√
	√

	CSI reporting Class B K>1
	X
	X
	√

	Measurement restriction
	X
	√
	√

	4 orthogonal MU-MIMO DMRS ports
	X
	√
	√

	Sounding capacity enhancement scheme
	√
	√
	√


Based on these analyses, we have the following proposal:   
Proposal: Alt.1 (a new TM supporting the functionality of TM9/10 and FD-MIMO features) or Alt.2 (enhanced TM 8, TM 9, and TM 10 with part or all FD-MIMO features) can be adopted.
3 Conclusions
In the contribution, the transmission mode to better support EBF/FD-MIMO new features is discussed and there is the following proposal:
Proposal: Alt.1 (a new TM supporting the functionality of TM9/10 and FD-MIMO features) or Alt.2 (enhanced TM 8, TM 9, and TM 10 with part or all FD-MIMO features) can be adopted. 
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