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1	Introduction
In the previous meeting it has been shown [1] that mixed modes transmission in MUST, such as transmit-diversity and closed-loop MIMO, can be transmitted on the same beam. This is achieved by pre-preprocessing/precoding the transmit-diversity chain by inverse of closed-loop precoder. Unfortunately, such arrangement does not support gray-labeling of superposed symbols and falls into MUST Category 1 schemes. In this contribution, we present a solution to perform Category 2 superposition of mixed modes.
2	Analysis of TM2 and TM4/TM9
By studying MUST in mixed transmission modes, it becomes obvious that restriction of the same PMI does not hold. For example, when near-UE in TM4 is paired with far-UE in TM2, the beamformers do not match. On a single sub-carrier:
· TM2 with 2AP is a rank-2 transmission using precoder .
· TM4 with 2AP uses  from a codebook



TM2 is often used as fall-back mode and is typically used for cell-edge users. When the same beam is used for transmission, non-linear receiver can operate on symbol level. This has two main benefits: 1) near-UE does not require knowledge of far-UE MCS and 2) near-UE can employ single-layer RML receiver, which is of reduced complexity compared to codeword level IC receiver. In addition, single-layer RML receiver needs only one channel estimate as both transmissions are exhibiting same effective channel. RML benefits from Category 2 and Category 3 MUST operation with Gray-labelled constellation. On the other side, Category 1 works better with more complex CWIC receiver.
Despite the fact that TM2 diversity is transmitted using identity precoder , it could be easily  transmitted using any other rank2 precoder out of . The performance is invariant to rotation by a unitary matrix. Assume unitary matrix , such that  and channel of  two transmit   and  receive antennas. 

The equivalent equation of transmit diversity on two sub-carriers can be expressed as 

And symbols are equalized with  yielding received symbols to be

In order to verify the performance of precoded TM2, we have simulated TM2 in link-level simulator with identity and precoders in . Three cases have been considered and are depicted in Figure 1: 1. Plain transmit diversity, 2. Precoded transmit diversity with one choice of rank 2 PMI from the LTE codebook, 3. Precoded transmit diversity with a second choice of rank 2 PMI from the LTE codebook. The simulation setup considers 5ms of EVA channel with 5km/h, such that channel has been the same in all three cases. MCS 14 and realistic channel estimation were considered. More assumptions can be found in Appendix. Figure 1 shows that there is no impact on performance of TxD, when receiver knows used full-rank spatial precoder .
[image: ]
[bookmark: _Ref433643090]Figure 1 Performance of legacy TxD, and TxD transmitted with full-rank PMIs from LTE codebook

3	Mixed mode operation on the same beam
In previous section we shown that precoding TxD with full-rank precoder does not impact its performance. Therefore, the same full-rank precoder can be used for precoding the Gray-mapped superposed symbols of transmit diversity and closed loop transmission. Figure 2 shows the transmission chain for Category 2 superposition of TM2 and TM4.
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[bookmark: _Ref433643844]Figure 2 Signal construction for mixed transmission schemes, with 2AP, allowing Category 2 MUST transmission.

At the transmitter, channel coding, scrambling, modulation and layer-mapping of symbols to layers is performed as in existing implementation. The following operations are needed for mixed transmission: 
1) Assuming that the closed-loop mode is in rank-2:  Symbols are split into two layers, 0 and 1.  Transmit diversity at one subcarrier looks like two-layer transmission.  Afterwards, Layers 0 as well as Layers 1 are Gray-mapped and superposed forming joint Layer 0 and joint Layer 1. Joint Layers are precoded with full-rank precoder matching the desired CL-MIMO precoder. 
2) Assuming that the closed-loop mode is in rank-1: layer 1 closed-loop branch is padded with zeros. Otherwise, operation follows point 1).
The near-UE scheduled in closed-loop mode is aware of its precoding matrix. With near-UE in TM4 scheduled in rank1, thanks to nested property, used full-rank precoder is unique. The far UE in TM2 is informed about used full-rank spatial precoder and can receive transmit-diversity on effective channel. 
In case of TM3 LD CDD the rank2 2AP transmission alternates  and . In this case, TM2 is transmitted with the same full-rank matrix. In 4AP scenario, solutions exist for some combinations of modes.  
Observation: Operation of mixed modes that include TM3/TM4 and TM2 is possible with Category 2 MUST in case of 2AP.

4	Conclusions
In this contribution we have presented the operation of mixed modes including fall-back TM2 transmitted on the same beam. The following can be summarized:
Observation: Operation of mixed modes that include TM3/TM4 and TM2 is possible with Category 2 MUST in case of two transmit antennas
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Appendix
	Parameters 
	Values 

	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	PDSCH Resource allocation 
	WB 

	Cyclic prefix 
	Normal 

	Propagation channel 
	2x2 EVA, medium correlated 

	Path loss difference between Near and Far UE 
	10 dB 

	EVM 
	6% 

	Transmission modes 
	TM2 

	MCS# 
	14 

	Receiver algorithms 
	MMSE

	Channel estimation 
	Realistic 

	SNR estimation 
	Realistic 

	PCFICH 
	CFI=3 
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