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1 Introduction
Downlink signalling is one of the areas which we need to consider supporting different configurations of SU/MU-MIMO transmission with availability of DMRS.   In [1], we suggest that the following parameters should be considered in the downlink signalling design:

1. Number of co-scheduled UEs 
2. Number of layers per UE 
3. Total number of layers

Examples were shown with different combinations of these three parameters.  In the examples, it was shown that UE’s rank, DMRS pattern, assigned port/layer index and SU/MU mode information are needed for non-transparent MU-MIMO signaling.  Joint coding can be done to reduce the signalling overhead.  
In this contribution, we further investigate the potential information needed in downlink signaling.  MU transparency is also discussed with the case of mixed SU/MU transmission in a transport block.
2 Power Offset Indication
In [1], it shows how power imbalance can happen if RS to data power offset is maintained for all layers.  One way to address this issue is to have different power offsets for different layers.  The power offsets can be obtained implicitly from the total number of layers used in a transmission and the layer index assigned to the UE as shown in the following table.  Note that this power offset is dynamic information as it depends on the number of layers which can change in time.  On top of this dynamic power offset, high layer signalling can be used to signal UE another power offset to adjust the power ratio of DMRS and data semi-statically.    
	Total number of layers used in a transmission
	Layer /antenna port index
	Power offset

	<=2
	1
	1

	
	2
	1

	3
	1
	2/3

	
	2
	2/3

	
	3
	1/3

	4
	1
	1/2

	
	2
	1/2

	
	3
	1/2

	
	4
	1/2


Table 1 Mapping of total number of layers and layer index to power offset
Table 1 shows an example of mapping of total number of layers and layer index to power offset for up to 4 layers.  As shown in the figure 1, power allocation for layer 3 is different from the other two layers in a three layer transmission.  This maintains the balance of the power between different DMRS REs.
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Figure 1 Power balancing according to the table 1 when the total number of layers is 3 and 4.
Therefore, with the information of total number of layers and assigned port index in downlink signalling, UE knows the power offset from DMRS RE to Data RE.  With these two information pieces, UE also knows if this is SU or MU transmission.  
On the other hand, if we allow certain power variation in the case of odd total number of layers.  In this case, the information of total number of layers may not needed in the downlink signaling since a constant power offset can be used once UE knows the DMRS pattern.   Figure 3 is an example of 3-4 layers cases.
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Figure 3 The same power offset is maintained if certain power variation is allowed in DMRS REs.
In either case, explicit power offset bits is not needed as power offsets can be derived from the number of total layers or DMRS pattern which are needed in MU transmission.
3 Mixed SU/MU transmission 
Mixed SU/MU transmission should be allowed in the same codeword with certain constraints (e.g. not increasing the signaling overhead).  Here is an example of a mixed SU/MU transmission with three co-scheduled UEs. 
	
	Subband 1
	Subband 2
	Subband 3

	Layer 1
	MU- UE1
	
	MU- UE1

	Layer 2
	MU - UE2
	
	

	Layer 3
	MU – UE3
	SU-UE3
	MU-UE3


In this example, MU-MIMO transmission is done in subbands 1 and 3.  SU-MIMO is done in subband 2.  For UE3, both SU and MU happen in the same transport block.  In order to support this without increasing the signalling overhead, eNB can signal all the UEs with the total number of layers = 3 (i.e. Rank3-4 DMRS pattern) and assigned port index.   If UE3 has an interference-aware receiver, UE3 should detect potential interference in layers 1 and 2 in all the allocated subbands (i.e. subbands 1,2,3).  Similarly, UE2 should detect potential interference in layers 1 and 3 in subband 1 and 3.  Note that rank3-4 DMRS pattern is used across all the 3 subbands in this case although the total rank in subband 2 and 3 are less than rank 3.  Also, note that power offset can be still obtained according to the mapping in the table 1 but to be more precise, the number of layers should be replaced by the maximum number of layers happened in a transmission.    

Note that eNB should try to avoid doing too much of mixed SU/MU transmission with different number of layers in one transport block.  If the interference variation is too much in a transport block, it is challenging to perform good MCS assignment and reliable link adaptation.  Also, allowing the full flexibility of having different MU configurations, power offsets and DMRS patterns in each subband will make link adaptation even more challenging.  Therefore, uniform downlink signalling is suggested across all the allocated resources in a transport block.  This example show how we can simplify downlink signalling design and keep the overhead low to support mixed SU/MU transmission.

4 MU Transparency
Based on the discussion in section 2, total number of layers can be one of the DCI information to obtain the power offset.  If total number of layers is signaled to an UE, the UE can implicitly know whether this is SU or MU transmission by comparing with the number of layers assigned to the UE with the total number of layers used in the transmission.  Instead of an explicit SU/MU bit, this can also achieve non-transparent MU transmission. On the other hand, if a mixed SU/MU transmission happens, the UE may not know whether this is a SU or MU subband.   Therefore, MU-MIMO transmission can be non-transparent in transport block level (i.e. UE knows MU happens in at least one of the assigned subbands).  However, it is transparent to UE in subband/RB level.  (i.e. If an interference-aware receiver is used, UE has to detect the interference in other layers in all subbands in a MU transmission).  

5 Conclusion

In this contribution, we present the ideas of how to obtain power offset information and how to support mixed SU/MU transmission.  Transparency is also discussed along with the power offset and mixed SU/MU topics.  We conclude that:
1. Power offset information can be derived from the total number of layers and assigned port/layer index.   Therefore, explicit power offset indication bits can be avoided to reduce the signalling overhead.
2. Mixed SU/MU transmission in a transport block should be supported with the constraint that uniform downlink signalling is used for all the allocated resources. 
3. Non-transparent MU-MIMO can be achieved by informing UE total number of layers and assigned layer index.
4. MU can be transparent to UE in subband/RB level in the mixed SU/MU transmission.
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