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1 Introduction
In RAN1#82bis meeting, Alt.1 (detailed in TR 36.897) of DMRS enhancement was approved as an agreement.
Conclusion:
· Power imbalance issue of DMRS enhancements in the Working Assumption of RAN1#82 can be solved by implementation based approach; no standard related enhancement is needed.
Agreement:
· Confirm the working assumption for CDM-4 and 12REs made in RAN1#82, and the following table
	Ports for MU transmission 
	OCC 

	Port 7 
	[1 1 1 1] 

	Port 8 
	[1 -1 1 -1] 

	Port 11 
	[1 1 -1 -1] 

	Port 13 
	[1 -1 -1 1] 


And for the DMRS signaling design, agreement was achieved as follows:
Agreement:
· Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration
· FFS until RAN1#83 whether 3 or 4 bits are used, and details.
In this contribution, we discuss the signalling design based on the agreement. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
As shown in the above agreement, RRC signalling will be used to indicate whether the new table or the legacy table is used for Rel-13 UEs. In other words, both OCC=2 and OCC=4 will be supported for Rel-13 UEs. If the new table includes the legacy configurations with OCC=2 for port 7 and port8, eNB can dynamically choose OCC=2 or OCC=4 for Rel-13 UE. Or else, different OCC length can only be configured semi-statically. Because of supporting OCC=2 for Rel-13 UEs and legacy UEs, co-scheduling of UEs with OCC=2 and UEs with OCC=4 seems necessary to achieve maximum system capacity by MU-MIMO. 
In order to guarantee the accuracy of channel estimation for UEs with OCC=2, the DMRS orthogonality should be considered while the UEs with OCC=4 are co-scheduled. 
As described in Figure 1, when a UE uses port 7 with OCC=2, a Rel-13 UE will impact on this UE if it uses port 11 with same nSCID. When a UE uses port 8 with OCC=2, a Rel-13 UE will impact on this UE if it uses port 13 with same nSCID. 
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Figure 1 Impact on orthogonality between OCC=2 and OCC=4
Therefore, to avoid serious interference on UEs with OCC=2, port 11 should not be used simultaneously if another UE configured with port 7 (OCC=2) for same nSCID. Similarly, port 13 should not be used simultaneously if another UE configured with port 8 (OCC=2) for same nSCID.
In order to maximize the number of paired UEs, port 7&11, and port 8&13 instead of port 7&8, and port 11&13 respectively can be considered for Rel-13 rank 2 UEs for OCC=4. 
Taking one 1-layer legacy UE with DMRS port 7(OCC=2) as an example, considering interference between legacy port 7 (OCC=2) and new port 7(OCC=4), or interference between legacy port7(OCC=2) and new port 11(OCC=4), orthogonality cannot be achieved if port 7&8 and port 11&13 are configured for 2 layers of 2codewords, while if configurations of port 7&11 and port 8&13 are introduced, orthogonality can be obtained, as shown in Figure 2. Based on the new configurations, the legacy UE with port 7(OCC=2) can be co-scheduled with another Rel-13 UE which are configured with port 8&13(OCC=4). 
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Figure 2 Interference consideration for port configurations with 7&11 and 8&13
In addition, if quasi-orthogonality with different SCID is introduced, more mu-layers can be supported. As described in the first row of Figure 3a, based on the new configurations of port 7&11 and port 8&13, total 7 layers with one 1-layer legacy UE and three 2-layer Rel-13 UEs can be supported. However, if Rel-13 remains legacy port configurations on rank 2 for OCC=4, maximum mu-layers will be limited, actually only quasi-orthogonality layers (port 7&8 and port 11&13 with SCID=1) can be used for multi-user scheduling, which is described in Figure 3b. 
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Figure 3a Port configurations with 7&11 and 8&13         Figure 3b Port configurations with 7&8 and 11&13
Based on above analysis, we propose that
Proposal 1: For OCC=4, the new DMRS port configurations with 7&11, and port 8&13 should be included for Rel-13 rank 2 UEs.
Since the new DMRS ports agreed for MU scheduling cannot be supported in the existing DCI format, a new DCI signalling for antenna port, SCID and number of layers indication should be introduced, and following aspects should be considered:
· Both OCC=2 and OCC=4 are included for more flexible scheduling and better channel estimation.
Since OCC=2 can obtain more accurate channel estimation, UEs should be configured with OCC=2 if at all possible. For Rel-13 UEs, if total mu-layers are not larger than 2, eNB can configure DMRS port 7 and/or 8 with OCC=2 for better channel estimation, otherwise OCC=4 can be configured. So in addition to the new introduced OCC=4, legacy OCC=2 should also be included in the new table to indicate suitable OCC length for Rel-13 UEs. 
· Both MU and SU (up to 8 layers) are included for support of dynamic MU/SU switching.
Similar with Rel-12, dynamic MU/SU switching should be supported for more flexible scheduling.
· Both nSCID 0 and 1 of DMRS sequence generation are included, for support of more MU layers.
In addition to the orthogonal layers with port 7&11 and 8&13 introduced, quasi-orthogonal layers with nSCID can support more MU layers, especially for heterogeneous scenario with same Cell ID for different transmission points. 
Based on discussion above, one more bit (totally 4 bits) of indications for antenna ports, scrambling identity and number of layers is needed. The new control signal design on PDCCH is shown in Table 1, the new indications marked by black colour are for OCC=4 and the blue colour indications are same as the legacy ones. 
Table 1 Antenna port(s), scrambling identity and number of layers indication for candidate 1
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Proposal 2: 4 bits table for DMRS signalling design should be introduced for flexible support of dynamic OCC length switching, SU/MU switching, and more MU layers.
3 Conclusion
In this contribution, we provided some proposals on design of signalling for DMRS enhancement as 
Proposal 1: For OCC=4, the new DMRS port configurations with 7&11, and port 8&13 should be included for Rel-13 rank 2 UEs.
Proposal 2: 4 bits table for DMRS signalling design should be introduced for flexible support of dynamic OCC length switching, SU/MU switching, and more MU layers.
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