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Introduction
As discussed in RAN1#84, the current specification is not clear on how to interpret when a UE is scheduled with OCC=2 DMRS for MU-MIMO.  During the discussion, it was agreed [1] that to allow eNB to coschedule an MU-MIMO UE with an OCC=2 DMRS with UEs using OCC=4 DMRSs, since this allows greater cell capacity than if only one OCC=2 DMRS UE could be cosheduled:
Conclusion:
Multiplexing Rel-13 UEs with OCC=2 and OCC=4 from eNB perspective should not be prevented by the specifications
In this contribution, we consider receiver behavior if OCC=2 is used for linear and non-linear receiver types in order to better understand how the capacity gains from mixed OCC=2 and OCC=4 transmission can be exploited.
[bookmark: _Ref426729914]Receiver Behavior
If a UE assumes OCC=2, it will be able to separate ports 8,13 from port 7, and port 7,11 from port 8, but not port 7 from 11 or 8 from 13.  Therefore, the UE can estimate the serving channel without mutual interference from the other antenna ports when a proper mixture of one OCC=2 and two OCC=4 UEs are coscheduled, but the estimates of the interfering two OCC=4 layers will be a linear combination of their channels.  The question then is what the impact is on the receiver.
An E-MMSE-IRC receiver can be written as:

Where  is a vector of received symbols,  is an estimate of the transmitted symbols on different layers, and , , and  are desired, coscheduled interference, and other cell interference and noise covariance matrices.
In order to form the desired and coscheduled interference covariance  and , the UE can form channel estimates from the DMRS.  (The other cell interference and noise  can be estimated with an IMR or through other means.) The received channel estimate of the DMRS can be expressed:

Where  is the length 4 Hadamard matrix used to spread the DMRS ports 7, 8, and 13;  is a length 2 Hadamard matrix to receive port 7 or port 8.  is the effective channel for each DMRS port on the DMRS REs, while  is a channel estimate after despreading for port 7 () and port 8 ()  on two slots in a subframe
  , ,
Then:


Where the desired channel estimations for port 7 are  and interference channel estimations are  . So the interference channel estimate contain the channels for both DMRS port 8 and DMRS port 13. We can rewrite this without the redundant  channel vector as:
;   ,  
Then we can form separate estimates of the receive covariance for the desired and interference over receive antennas as:
 and 
Since the desired channel is estimated with OCC=2, and  is the same as if no cover code is used, a UE receiving with OCC=2 and averaging interference covariance across DMRS RE pairs can use an E-MMSE-IRC receiver and have the identical performance it would have as if it used OCC=4.
An R-ML receiver separately estimates the interferers to form a joint hypothesis of the serving and interfering layers, and so would have to know that it is possible that there are 2 interfering MU-MIMO layers, and would use OCC=4 to estimate the interferers.  This is possible since interference estimation is a UE implementation.  Leaving this to UE implementation is especially useful in this case, since the benefit of R-ML over E-MMSE-IRC is reduced for rank 2. Also, the need for advanced receivers diminishes as the number of eNB transmit antennas increases, since the eNB can suppress the MU-MIMO interference better with more antennas.  In any case, it seems unlikely that the gains of R-ML over E-MMSE-IRC are likely to outstrip the capacity gain of coscheduling 3 MU-MIMO UEs with E-MMSE-IRC vs. 2 MU-MIMO UEs with R-ML.  Therefore, it is possible for a UE to use a simpler E-MMSE-IRC receiver while providing higher capacity via 3 MU-MIMO layers than if the UE only uses R-ML with two MU-MIMO layers.
Observations:
· [bookmark: _GoBack]Two OCC=4 UEs can be coscheduled with an OCC=2 UEs without affecting the performance of an E-MMSE-IRC receiver when that UE uses OCC=2 to estimate interference.
· A UE with an R-ML receiver can choose to use OCC=4 to estimate interference according to channel conditions and implementation.
· A UE can use a simpler E-MMSE-IRC receiver while providing higher capacity via 3 MU-MIMO layers than if the UE only uses R-ML with two MU-MIMO layers.
· The benefit of R-ML over E-MMSE-IRC is less for 2 interfering layers than for 1 interfering layer.
· The need for advanced receivers diminishes as the number of eNB transmit antennas increases.
· The additional link gain of R-ML with 2 MU-MIMO layers is not likely to overcome the capacity gain of coscheduling 3 MU-MIMO layers with E-MMSE-IRC in many cases.
[bookmark: _Ref447104540]Specification Clarifications

The current specification reads as shown below without the red underlined text.  At present, it is not clear what the UE does when it is configured with the Rel-13 DMRS table that allows OCC=2 and OCC=4 transmission, since the text does not identify what to do when the UE is configured with the new table dmrs-tableAlt, and codepoints with OCC=2 and transmission on an antenna port .  Therefore some text is needed to specify UE behavior for single layer MU-MIMO transmission when OCC=2 in the new table is scheduled.


One possibility is to reuse the existing text for ports 7,8 with OCC=2 in the new table.  That is, when single port transmission is scheduled for a UE on antenna port , the UE cannot assume that the other antenna port in the set  is not associated with transmission of PDSCH to another UE.  This text only allows a UE to assume 2 MU-MIMO layers are coscheduled, since there are only two ports (7 or 8) with OCC=2.  If the eNB co-schedules, say ports 7,8, and 13, the UE may not assume that port 13 is scheduled with MU-MIMO.  This does not limit eNB behavior only if port 13 is completely equivalent to port 8, but as discussed above, this is not the case.  Furthermore, it makes little sense to say that a UE scheduled with port 7 cannot assume that port 8 is not associated with transmission of PDSCH to another UE,  if it is really meant that the UE cannot assume that ports {8,13} are not associated with transmission of PDSCH to another UE. 
	[bookmark: _Toc415085445]7.1.1	Single-antenna port scheme
For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].


If the UE is not configured with higher layer parameter dmrs-tableAlt, and in case an antenna port  is used, the UE cannot assume that the other antenna port in the set  is not associated with transmission of PDSCH to another UE. 


If the UE is configured with higher layer parameter dmrs-tableAlt, and in case an antenna port  corresponding to one codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used

- If antenna port 7 is used, UE cannot assume that an antenna port in the set  is not associated with transmission of PDSCH to another UE

- If antenna port 8 is used, the UE cannot assume that an antenna port in the set  is not associated with transmission of PDSCH to another UE  



If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on antenna port  corresponding to one codeword values 5-11 in Table 5.3.3.1.5C-2 [4]  is used, the UE cannot assume that the other antenna ports in the set  is not associated with transmission of PDSCH to another UE.



Observations:
· The current specification does not identify UE behavior for 2 layer MU-MIMO transmission with OCC=2, and so requires correction.
· In order to not prevent eNB from multiplexing Rel-13 UEs with OCC=2 and OCC=4 as agreed, it is necessary to specify UE behaviour when port 7 is coscheduled with ports 8,13 and when port 8 is coscheduled with ports 7,11.
Proposal:
· Specify UE behaviour as proposed in the correction shown above, and in the corresponding CR [2].
Conclusion
In this contribution, we considered receiver behavior if OCC=2 is used for linear and non-linear receiver types in order to better understand how the capacity gains from mixed OCC=2 and OCC=4 transmission can be exploited, making the following primary observations and proposal.
Observations:
· A UE can use a simpler E-MMSE-IRC receiver while providing higher capacity via 3 MU-MIMO layers than if the UE only uses R-ML with two MU-MIMO layers.
· Mixed OCC=2 and OCC=4 need not affect E-MMSE-IRC receivers when they use OCC=2 to estimate coscheduled interference.
· The UE is free to use R-ML or E-MMSE-IRC according to channel conditions and implementation with mixed OCC=2 and OCC=4.
· The current specification does not identify UE behavior for 2 layer MU-MIMO transmission with OCC=2, and so requires correction.
· In order to not prevent eNB from multiplexing Rel-13 UEs with OCC=2 and OCC=4 as agreed, it is necessary to specify UE behaviour when port 7 is coscheduled with ports 8,13 and when port 8 is coscheduled with ports 7,11.
Proposal:
· Specify UE behaviour as proposed in the correction shown in section 3, and in the corresponding CR [2].
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