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1 Introduction
In the RAN1#84bis [1], the possible UE assumptions for the co-scheduled DM-RS antenna ports corresponding to code points 0-3 in the alternative DM-RS table were discussed. Two alternatives for the DM-RS sets of possibly multiplexed DM-RS antenna ports were discussed. In contribution we provide our views regarding the proposed options.
2 Discussion on UE assumption 
In the RAN1#84bis [1], the UE assumption for the multiplexed DM-RS antenna ports corresponding to code point 0-3 were discussed. Two options for UE assumptions with OCC-2 were proposed:

	Option 1 [2]:
· 
in case an antenna port [image: ] corresponding to one codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set  is not associated with transmission of PDSCH to another UE. 
Option 2 [3]:
· 
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  



The main difference between the two options above is the set of the DM-RS antenna ports that can be co-scheduled with the serving DM-RS antenna port 7 or 8. In Option 1, for code points 0-3 the legacy assumption is proposed, where at most 1 co-scheduled DM-RS antenna ports may be present. To support higher order MU-MIMO transmission for DM-RS port 7 (e.g. using DM-RS ports {8,13}) in Option 1, the DM-RS antenna port signalling for the UE should be always based on the code points 4-11 corresponding to OCC-4. On the other hand, as mentioned in [3], usage of the corresponding code-points may imply the OCC-4 de-spreading at the UE, which may not be always desirable e.g. when DM-RS ports 7 has interference form DM-RS ports {8,13}. In contrast, Option 2 proposes to handle such three DM-RS antenna port multiplexing {7,8,13} by the code points 0-3, where the assumed DM-RS antenna port set is extended by the additional DM-RS port number (either 13 or 11). As mentioned [3], the DM-RS port de-spreading according to Option 2 can still be based on the OCC-2 at least for the UE scheduled with DM-RS port 7.
It should be noted that the UE assumptions corresponding to code points 4-11 doesn’t mandate specific UE behaviour wrt to the OCC code length de-spreading. More specifically, as shown in the Section 3, MU-MIMO transmission using DM-RS antenna ports {7,11} can be also handled at the UE by using OCC-2 without noticeable performance degradation. Therefore, the possible concern of handling DM-RS antenna ports transmission by using OCC-4 at the UE for code points 4-11 may not be always valid.  
Moreover, for the conventional low order MU-MIMO transmission with two UEs using DM-RS ports 7 and 8, changing the legacy UE assumption for code point 0-3 (as proposed in Option 2) prevents simple interference noise power calculation for the MSME channel interpolation. More specifically, the symmetrical structure of OCC codes corresponding to antenna ports 7 and 8 offers simple interference noise power estimation scheme that can be used for channel estimation filter selection. At the same time introduction of the additional DM-RS antenna ports in the UE assumption for code point 0-3 according to Option 2, breaks the symmetrical properties of the received signals across the slots.
3 Analysis of DM-RS antenna port 7,11 multiplexing 
If a UE is scheduled with DM-RS antenna port 7 or 8, the paper [3] proves that it can achieve good performance by using OCC 2 de-spreading with the MU-MIMO interference from DM-RS ports {8, 13} or {7, 11} respectively. However, from our analysis below, even their is MU-MIMO interference from DM-RS ports {8,11,13} the UE scheduled with DM-RS antenna port 7 can still achieve good channel estimation performance by using OCC-2. For example if UE is scheduled with port 7 and interference ports are {8, 11}, UE will first remove interference from 8 by OCC-2 de-spreading.  Then, with MMSE channel estimator applied across the reference signal in two slots, the UE can also remove the interference from port 11. The more detailed explanation for interference cancellation from antenna ports 7, 11 is provided below
Figure 1 shows four reference REs in the same sub-carrier, which are used to carry the OCC code.


Figure 1: Reference REs of DM-RS in one sub-carrier
If eNB transmits using port {7, 11}, the received signals in the first slot are: 



 The received signals in the second slot are: 


where , are the effective channel of port 7, 11 respectively and  is additive white noise. If legacy OCC-2 code is used to de-spread the received reference signal,  the channel estimation for port 7 after de-spreading in the first and second slot are  and  respectively, can be calculated as follows:


Then in order to generate channel estimation for all PDSCH related REs, the MMSE channel interpolation algorithm can be applied. Take first time-domain then frequency-domain MMSE interpolation as example, the final channel estimation will jointly consider both the channel de-spreading results of the first and second slot. Suppose that a1, a2 are the time-domain filter coefficient for the first slot and the second slot respectively. For low Doppler spread case, the difference of a1, a2 is small. Therefore, the final time-domain estimation for port 7 is:

It can be seen that the interference from antenna port 11 is almost perfectly removed, which means that after channel interpolation filter, channel of port 7 can still be estimated with small error. Time-frequency two dimension filter also can also achieve good results.
[image: ]
Figure 2: PDSCH performance of different DM-RS port multiplexing options
Figure 2 shows the link level performance for PDSCH for different DM-RS antenna port multiplexing options for EPA5 channel models. It can be seen that de-spreading using OCC-2 offers similar PDSDCH performance regardless of the MU-MIMO paired antenna ports. 
Summary
In contribution we have provided our views regarding the possible UE assumptions for the co-scheduled DM-RS antenna ports corresponding to code points 0-3 with OCC-2. Evaluation results showing the OCC-2 code de-spreading performance for MU-MIMO DM-RS ports 7,11 and ports 7,8 are also provided.
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